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PREFACE TO THE 22ncl EDITION 


T he 22nd edition of the Heating, Ventilating, Air Conditioning 
Guide 1944 is presented by the Guide Publication Committee with 
many important changes and additions which conform to the established 
policy of providing Guide users with up-to-the-minute data on the latest 
proven developments in the art and industry. While wartime paper 
conservation measures have prevented any expansion of the text of The 
Guide, it has been possible to add desirable new material, which has 
become available, in space saved by condensing present Guide text, 
without sacrificing essential data. A new chapter dealing with Marine 
Heating and Ventilation has been added because of the increasing 
demand for such data. 

The tables of heat transmission coefficients in Chapter 4 have been 
completely revised and rearranged to include values for important 
materials and constructions not previously listed and to eliminate 
obsolete, or seldom used constructions. The factors for computing the 
coefficients, however, are substantially the same. Some changes have 
been made in the chapter on Fundamentals of Heat Transfer in the 
interest of simplification. 

Revised information and tabular data on stratification of air in rooms 
with high ceilings have been incorporated in the chapter on Heat Load. 
Moisture permeability data for various materials have been added to 
the chapter on Cooling Load. New data on fuels and the combustion 
process have been added to Chapter 8. ’ The latest degree-day data 
compiled by the Weather Bureau, together >vith new data on predicting 
residence heat loss, are included in the chapter on Estimating Fuel 
Consumption. 

Chapter 9 on Chimneys and Draft Calculations is largely new, having 
been brought in line with recent developments, and includes a revised 
discussion of chimneys for gas heating. Chapter 10, dealing with Auto- 
matic Fuel Burning Equipment, has been extensively revised and con- 
tains new data on mechanical stokers, oil burners and gas-fired heating 
equipment, as well as important information on combustion processes, 
appliance adjustments, and furnace design. The section on Expansion 
Tanks in Chapter 16 has been rewritten. 

The chapter on Pipe, Fittings and Welding contains entirely new data 
on commercial pipe dimensions as well as current information on thread- 
ing practice. Chapter 19, Gravity Warm Air Furnace Systems, has been 
completely rewritten and brought up to date, and presents a simplified 
method of designing gravity warm air systems. 

Chapters 24, Cooling, Dehumidification and Dehydration, and 27, 
Spray Equipment, have been thoroughly revised to improve the pre- 
sentation of the material. Revisions and additions to Chapter 33, 
Sound Control, involve changes in the data on fan noises, clarifying the 



"iriformatioii on el'boiv .attenuation and amplifying the data on absorption 
for plate cells,: .Chapter 34, Automatic Control, has been rewritten to 
-obtair/a fundamental -approach to the subject of controls, and sections 
have been added to “cover automatic control terminology and types of 
controlkrs.: Chapter 37 on Air Conditioning in the Treatment of Disease 
contains a considerable amount of new information and data on various 
phases of this subject, including sections entitled, Reducing Explosion 
Hazard in Operating Rooms, Operating Room Conditions, Sterilization 
of Air, Cold Therapy and Oxygen Therapy. 

New data on conduits, meters, piping of meters and economizers, and 
revised rules for utilization of heat have been incorporated in Chapter 43, 
District Heating. Chapter 46 on Hot Water Supply has been modified 
and includes revised information on hot water supply piping as well as 
additional data on computing the area of heat transmitting surface for 
instantaneous heating coils. 

State code references in Chapter 48 have been corrected to 1944. 
Chapter 49 is a new chapter on Marine Heating and Ventilation and 
contains essential information on the design of heating and ventilating 
systems for ships. 

As has been customary in the past, much of the information, repre- 
senting well established practice, has been carried over from previous 
issues to the Heating, Ventilating, Air Conditioning Guide 1944. 
Acknowledgment has been made in previous issues of those who have 
contributed. Because of the difficulties in many cases of serving under 
the handicaps of wartime conditions, special credit is due the following 
contributors to this edition of The Guide : 


T. N. Adlam 

E. A. Allcut 
A. I. Brown 
Sabin Crocker 
R. C. Cross 

K. T. Davis 
R. S. Dill 
R. C. Edwards 
R. B. Engdahl 
M. K. Fahnestock 

F, E. Giesecke 


John A. Goff 
C. E. Greenwood 
W. S. Harris 
Roy Helfinstine 

R. W. Keeton, M.D. 

S. R. Lewis 

G. P. Lively 
R. D. Madison 
J. W. Markert 
Axel Marin 


H. B. Nottage 
0. 0. Oaks 
J. S. Parkinson 

S. E. Plewes 
E. R. Queer 

J. deB. Shepard 

T. H. Urdahl 
H. A. Wagner 

W. C. Whittlesey 
G. D. WiNANS 
W. E. Zieber 


The Catalog Data Section is broader in scope, and presents a greater 
variety of products by an increased number of manufacturers. The many 
pages of condensed data on equipment will be helpful in design, installa- 
tion, and selection of equipment. This section is fully indexed and 
coordinated with the technical data by use of numerous cross references. 

The 1944 edition of The Guide is presented with the anticipation that 
it will be even more useful than preceding editions and that it will provide 
a definite contribution to the advancement of the art and science of 
heating, ventilating and air conditioning. 

GUIDE PUBLICATION COMMITTEE 
Paul D. Close, Chairman 

Thomas Chester S. Konzo 

John James C. S. Leopold 

Carl H. Flink, Technical Secretary 
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CX)DE of ETHICS for ENGINEERS 

E ngineering work has become an increasingly important factor 
in the progress of civilization and in the welfare of the community. 
The engineering profession is held responsible for the planning, construc- 
tion and operation of such work and is entitled to the position and 
authority which will enable it to discharge this responsibility and to 
render effective service to humanity. 

That the dignity of their chosen profession may be maintained, it is 
the duty of all engineers to conduct themselves according to the principles 
of the following Code of Ethics: 


1 — ^The engineer will carry on his professional work in a spirit of fairness 
to employees and contractors, fidelity to clients and employers, loyalty 
to his country and devotion to high ideals of a)urtesy and personal 
honor. 

2 — ^He will refrain from associating himself with or allowing the use of his 
name by an enterprise of questionable character. 

3— He will advertise only in a dignified manner, being careful to avoid 
misleading statements. 

4 — ^He will regard as confidential any information obtained by him as to 
the business affairs and technical methods or processes of a client or 
employer. 

5 — ^He will inform a client or employer of any business connections, in- 
terests or affiliations which might influence his judgment or impair the 
disinterested quality of his services. 

6 — He will refrain from using any improper or questionable methods of 
soliciting professional work and will decline to pay or to accept com- 
missions for secunng such work. 

7 — ^He will accept compensation, financial or otherwise, for a particular 
service, from one source only, except with the full knowledge and 
consent of all interested parties. 

8 — ^He will not use unfair means to win professional advancement or to 
injure the chances of another engineer to secure and hold employment. 

9 — He will cooperate in upbuilding the engineering profession by exchang- 
ing general information and experience with his fellow engineers and 
students of engineering and also by contributing to work of engineering 
societies, schools of applied science and the technical press. 

10— He will interest himself in the public welfare in behalf of which he will 
be ready to apply his special knowledge, skill and training for the use 
and benefit of mankind. 


viii 





INDEX 

HEATING VENTILATING AIR CONDITIONING 

GUIDE 1944 


Technical Data Section 

Chapters 1-49 and Pages 1-846 


A 


Abatement 
air pollution, 550 
smoke, 550 

Abbreviatioxis, 821 
Absolute 

humidity, 813 
pressure, 813 
temperature, 813 
aero, 813 

Absorbents, 447, 460 
process, 450 

temperature, pressure, concentration, 451 
Absorbers 

duct sound, 625 
outlet, 628 
plate cells, 628 
plenum, 627 
Absorption systems, 460 
Acceleration, 813 
Acclimatization, 56 
Activated carbon, 663 
Adiabatic, 81S 
mbdng 

injected water, 30 
two air streams, 29 
saturation, 32 

Adjustable speed motors, 666 
A48<»rbeiits, 44t 
process, 448 

temperature* pressure, concentration, 449 
Adsorption, odor, vapor, 563 
Agitated dryer, 736 

Air 

change measurements, 659 
chemical vitiation of, 41 
circulation in drying, 741 
dassiiicatfoit of impurities, 545 
dust* 6^ 

Unt, 564 
cleaner* 813 

viscous impingement type, 666 


Air icofUinued) 

cleaning devices, 553 
classification of* 555 
maintenance, 561 
performance, 559 
safety requirements, 663 
vapor adsorption, 563 
selection, 561 
testing, 559, 560 
combustion, 168 
conditioning processes, 28 
cooled 

condensers, 479 
unit conditioning, 432 
currents, 659 
dehumididcation, 526 
distribution, 373, 679 

application of methods, 592 
balancing system, 592 * 
definitions, 580 

duct approaches to outlets, 684 
furnace systems, 358, 373 
induction, 681 
mechanics, 581 

operation of ceiling outlets, 580 
outlet location, 588 
outlet jperformance, 589 
railway car, 698 
recommended vdiodiy, 607 
room air motion, 588 
spread, 581 
standards for, 579 
throw, 682 
vanes, 583 

vertical drop and rise, 584 
duct derign, 595* 60^ 610 
duct friction Ickri, 590, 598 
dust concentrations, 548 
excess, 169 

filter, railway car, 699 
fl.ow resistance of coils, 503 
impurities, 545, 549 
inmtration, 117 
causes of, 117 
due to wind pressure, 1 17 
through walls, 118 
leakage, 117 

line heating systems, 265 
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Air (coniinued) 
moist. 8 

movement, influence of, 68 
movement, measurement of, 658 
outdoor, 389 

physical impurities in, 45, 646 
pollution, 645, 648 
abatement, 660 
quantity, 396 
room motion, 683 
saturated, 818 
secondary, 170 
space conductance, 91 
standard, 819 

supply and return openings, 680 
sterilization of, 686 
supply opening noise, 591 
temperature, 69 
theoretical requirements, 168 
thermodynamics of, 1 
unit cleaning devices, 563 
washers, 621, 813 
corrosion, 341 
Air change method 
computing inflltration, 122 

Air conditioning, 813 
airplane, 708 

automobiles in summer, 702 
central systems, 383 
comfort, 814 
hospitals, 696 
humidity, table, 706 
industrial, 705 

atmospheric conditions required, 706 
calculations, 714 
dassifleation of problems, 709 
general requirements, 709 
passenger bus in summer, 701 
railway passenger car, 699 
rdation to metabolism, 63 
ship, 704 
State codes, 832 
stoker-fired units, 204 
storage systems, 489 
temperature, table, 706 
transportation, 697 
treatment of disease, 683 
high temperature hazards, 691 
unit, 429, 430 


Aspect ratio, 680 
Asthma symptoms, 692 
Atomizing ou burner, 210 
Atmosphere, standard. 38 

Atmospheric 

conditions for industrial processes, 705 
pressure, 813 

water cooling equipment, 530 
make-up water, 544 
sizes, 531 

winter freezing, 644 
Atomizing humidifiers, 625 

Attenuation 
ducts, 624 
elbows, 624 
grilles to room, 626 
Attic 
fans, 443 
location. 444 
types. 443 
temperature, 131 

Automatic 

controls, 375, 639 (see Controls) 
purpose of, 639 
types of, 639 

fuel burning equipment, 201 
viscous filter, 556 
Automobile air conditioning, 702 
Axial flow fans, 666 


Baffle, 813 

Bare pipe heat loss. 344 
Barometer, 656 
Basement 

coefficients of transmission, 105, 110 
heat loss, lOS 
temperatures, 136, 137 
Bin-feed stoker, 202, 204, 205 
Biochemical reactions 
control of rate of, 713 
Bituminous coal, 174, 175 
firing methods, 177 
Blast beater. 813 


Air cooler, 429 
cost 

maintenance, 443 
operation, 443 
units, 4^ 
control, 649 
defrosting, 441 
design, 440 
performance, 440 , 
ratings, 441 
types of, 440 

Air supply opening noises, 631 
Air wasW, 621, 818 
Airfofi fan, 666 
Airplane air conditioning, 703 

Alleri^ dis(;»'der8, 692 
apparaths, 692 
asthma symptoms, 692 
hay fever symptoms, 692 
limitations of air conditioning methods, 093 
Alternating current motors, 667 
Altitude, pressure and temperature, 39 
Aluminum oadde, 447 
Ammptria, 466 

; An^exKioi^ter, 818 

deflecti*Mt ranc, 660 

propdSer, 660 
. revolving vane, 660, 

I AxMisthetics, 683 
' Anthradte coal, 174, 176, 178 
' firing methods, 176 
Apparaius dew-point, 33, 164, 393 


Body 

adaptation to hot conditions, 60 
heat loss, 62, 54, 786 
odor. 42 

thermal interchanges, 46 

Boiler, boilers, 237 
capacity for unit heaters, 419 
care, 250 
cast-iron, 237 
cleaning steam, 249 
combuwon rates, 239 
connections, ^8, 292, 293 
Hartford return, 292 
return, 292 
ehring, 293 
steam, 292 
efladency, ^1-243 
electric, 779 
erection, 248 
fittings, 247 
furnace design, 240 
gas-fired, 239 
selection of, 246 
gas-fired units, 216 
conversiona, 217 
selection of, 220 
heating, 237 

heating surface. 240. 813 
heat tmsfer rates, 241 
hot water supply, 240, 806 
horsepower, 813 
maintenance. 243 
oil-fiired units, 213 
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Boilers, boilers icontinued) 
operation, 248 
output, 243 
rating codes, 241 
selection of, 243 

based on heating surface and grate area, 245 

cast-iron, 244 

estimated desi^ load. 243 

estimated maximum load, 243 

gas-fired. 246 

hot water supply load, 243, 802 
piping tax. 243, 344 
radiation load, 243 
steel. 245 

wanning up allowance, 243, 244 
soot, 183 

space limitations, 247 
special heating, 238 
steel. 238 

stoker-fired units, 202 
testing codes, 241 
troubles, 249 
Booster fan, 358 
Boyle’s law, 4 
Bntish 

thermal unit, 813 
Bucket trap, 277 

Building, buildings 
condensation, 108 
heat transfer through surfaces, 87 
infiltration, 118, 123 
intermittently heated, 140 
materials, heat transfer through, [99, 603 
multi-story, air leakage, 123 
state codes, laws and standards,[832 
air conditioning, 832 
heating. 832 
ventilating, 832 

Burner, oil, 210 
Bus air conditioning, 701 
By-pass, 814 


c 


Calcium chloride, 447, 453 


Calculated heat loss method, [224 
Calorie. 814 
Calorific value, 107 
Capacitor motors, 668 
Carbon 
activated, 563 
dioxide, 170, 342, 470 
monoxide, 664 
Cast-iron boilers, 237 
Ceiling 

cooling unit, 440 
high. 128 
outlets, 586 
perforated, 587 
unit heater, 415, 777 


Central air conditioning systems,5383 
air Quantity, 396 
apparatus dew-point, 393 
by-pass, 398 
classification, 383 
control, 639 
cooling load, 390 
corrosion, 341 
design, 388 
design procedure, 412 
equipment arrangement, 409 
equipment selection, 407 
evaporative cooling 404 
fan system, 814 
heating load, 392 
induction units, 403, 404 
high pressure type, 404 
low pressure type, 403 


Central air conditioning systems {continued) 
modifications, 385 
outdoor air, 389 
pre-cooling, 405 
reheating, 399 
relation to building, 406 
run-around, 405 
selection, 386 
sensible cooling, 405 
use. 386 

zoning, 385, 400 
Centrifugal 

compressors, 470, 480, 481 
condensing unit, 473 
fan, 665 
Charles’ law, 4 

Chart 

air flow and loudness, 632 

apparatus dew-point, 393 

area and weight of rectangular ducts, 613 

comfort, 67 

computed static draft for short chimneys, 196 
economical thickness pipe insulation, 355 
effective temperature, 61 
friction air pip^ 598 
friction heads in black iron pipes, 308 
heat emission by 
convection from panels, 796 
radiation from panels, 795 
heat loss 

coefficients insulated ducts, 617 
from body, 55 

insulated pipe, 347, 348, 349 
humidity, 740 

loss of pressure in elbovra, 601 
MoUier diagram, 23 

permissible relative humidities for various 
transmission coefficients. 108 
psychrometric chart, persons at rest, 60 
rectangular equivalents of round ducts, 600 
solar intensity, 151 
sound attenuation, 630 
surface conductances,88 
temperature zone map, 134 
thickness pipe insulation prevent sweating, 352 
well water temperatures, 527 
Chemical 

laboratory hoods, 725 
reactions, 713 
control of rate of, 713 
vitiation of sdr, 41 


Chimney, chimneys, 185 
characteristics of, 190 
construction details, 198 
detennimng sizes, 189, 193, 197 
domestic, 192 
effect, 814 
gas heating, 197 
general considerations for. 199 
performance, 192 
static draft, 196 
Cinders, 551 

Circular equivalents of rectangular duct8,i(600 
Circulators, 30^ 

Classification 
coals, 173, 176 
cokes, 175 
gas, 181 
oils, 179 
stokers, 201 
Cleaning boilers, 249 
CUmatic conditions, 132 
Closed expansion tank, 310 


Goal, coals 

anthraate, 174, 175, 178 
bituminous, 174, 175 
classification of, 173, 175 
dustless treatment, 179 
estimating consumption, 233 
firing methods, 176, 177, 178 
Ugnite, 174, 175 
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Coefficients of transmission, 87. 101. S14 
basement, 105 
floor, 105, 110 
wall, 105 
doors, 115 

floors and ceilings, 109, 110 
frame construction, 100, 102 
glass block walls, 115 
masonry partitions, 107 
masonry walls, 104, 106 
over-all, 87, 504 
formulas for calculating, 88 
roofs, 111, 112, 113, 114 
skylights, 115 
windows, 115 

Coil, coils 

air flow resistance, 503 
applications, 501 
arrangement, 494 
construction, 494 
direct-expansion, 497 
dnr cooling, 405 
emciency, 508 
flow arrangement, 500 
heat transfer surface, 493 
performance, 604, 512 
, cooling, 604 
dehumidification. 508 
graphical analysis, 612 
heating, 604 
selection, 616 
cooling, 518 
dehumidifying, 518 
heating, 517 
steam, 49C 
water, 496 
Coke 

classification of. 176 
estimating consumption, 233 
firing methods, 178 
Cold therapy, 691 
Collectors, 729 
dust filters, 729 
Column dryer, 734 

Combustion, 166, 205, 200 
analysis, 664 

gas, 160, 169, 182, 218, 219 
heat of, 167 
oil, 179, 214, 215 
principles of, 166 
smokdess, 172, 550 

Comfort 

air conditioning, 814 

air conditioning systems, 383 

chart, 67 

line, 814 

zone, 814 

Commercial oil burners, 211 
Compartment dryer, 734 
Compound wound motors, 066 

Compressor, compressors, 470 
centrifugal, 471 
reciprocating, 470 
refrigeration, performance of, 615 
steam jet, 473 

Condensation 
buildings, 108 
interstitial, HO 
return heating systems, 268 
return pumps, 273 
surface, 115 

Condensers, 479 
air cooled, 479 
design data, 531 
evaporative, 481 
water cooled, 480 
Condition line. 33. 164, 395 


Conductance, 88, 814 
air space, 91, 92, 98 
building materials, 94 
insulators, 94 

Conduction, 87, 814 
drying methods, 733 
electric heaters, 776 
equation, 72 

steady-state solutions, 82 

Conductivity, 73, 88, 814 
bat type insulation, 96, 98 
building boards, 96, 97. 98 
building construction, 100 
building materials, 95, 98 
homogeneous materials, 89 
insulating materials, 95, 98 
insulation blankets, 96, 98 
insulatom, 96 
loose-fill insulation, 97, 98 
mason:^ materials, 94, 98 
plastering materials, 95 
reflective insulation, 92 
rigid insulation, 96 
roofing construction, 95 
woods, 95, 99 
Conductor, 814 
Conduits for piping, 763 
Constant speed motors, 666 

Control, controls 
all year conditioning, 652 
application, 652 
automatic, 375, 639, 646 
fuel appliances, 646, 647 
temperature, 773 
basic types, 639 
central fan system, 409, 639 
all year system, 646, 652 
heating cycle, 662 
coal fired plant, 645 
cooling units, 649 
dehydrating equipment, 469 
designation, 644 
direct current motor, 678 
draft, 173 

electric beating, 783 
electric systems, 640 
equipment for motors, 677 
fan, 577 
gas burner, 640 
gas-fired appliances, 217 
hot water supply, 645 
humidity, railway cars, 700 
individual room, 660 
intermediate, 639 
modulating, 639 
motor, 677 

multi-speed motor, 680 
oil burners, 646 
pilot, 078 

pneumatic systems, 640 
positive acting, 639 
rate of biochemical reactions, 713 
rate of chemical reactions, 713 
rate of crystallization, 714 
refrigeration equipment, 660 
compressor type, 650 
ice cooling, 651 
vacuum refrigeration, 651 
well water, 652 
regain, 710 

residential systems, 646 
self-contained systems, 639 
service water temperature, 809 
single phase motor, 682 
slip ring motor, 681 
small buildings, 647 
sound, 610 

squirrel-cage motor, 679 
stoker. 210, 647 
terminology, 644 
two-position control, 639 
unit heaters, 648 
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Control, controls {conlinued) 
unit systems, 648 
unit ventilators, 649 
valves, 29G 
ventilator, 757 
wound rotor motor, 681 
zone, 647 
Controllers, 641 
functions, 641 
types, 641 

Convection, 71, 814 
equation, 73 
umt conductances, 77 

Convector, convectors, 251, 263, 814 
correction factor, 265, 260 
heat emission, 251 
heating effect, 254, 256 
heating-up, 268 
ratings, 254 
Converging vanes, 683 
Conversion 
burners, 217 
equations, 824 
Coolers. 459. 483 

Cooling, 445 
air conditioning units, 431 
atmospheric water, 630 
coil selection, 516 
definitions and methods, 445 
evaporation, 404, 446 
load, 32. 146, 390, 458, 588 
methods, 380 
performance of coils, 504 
ponds, 533, 634 
residential, 381 
sensible, 405 
spray, 630 
design wet-bulb, 532 
effect of wind, 636 
make-up water, 644 
size of equiijment, 631 
winter freezing, 644 
systems, 383, 445 
tower design, 536 
tower performance, 643 
units, 440 
control, 649 
defrosting, 441 
design, 440 
performance, 440 
ratings, 441 
types of, 440 
Copper 

elbow equivalents, 307 
tubing, external surface, 347 
Core area, 580 

Corrosion, 198, 341 
air washexs. 343 
industrial exhaust systems, 732 
^ pipe, 341 
Crack length 

used for computations, 119, 122 
Crystallization 
control rate of, 714 
Cylinder dryer, 734 


D 

Balton^s law, 8 
Damper, dampers, 375, 580 
Decibel, 619 
Defrosting, 441 . 

Degree-day, 227, 814 
for cities, 228 
formula for, method, 230 
operating unit, 235 
umt fuel consumptions, 230, 232 
Degree of saturation, 19, 778, 814 


Dehumidification, 445, 815 
air conditioning umts, 431 
control, 459 

definitions and methods, 445 
air washer, 526 
Dehydrating agents, 447 
absorbents, 450 
adsorbents, 447 

Dehydration, 446, 816 
coil selection, 616 
control, 459 

definitions and methods, 445 
economics, 463 
economic comparisons, 404 
equipment, 459 
auxiliaries, 459 
performance, 460 
estimating loads, 458 
liquid methods, 456 
location of equipment, 45S 
solid methods, 464 
Density of air, 1, 815 
Dew-point 

apparatus temperature, 33, 164, 393 
temperature, 20, 815 
Dichlorodifluoromethane, 468 

Direct 

expansion coils, 497 
fired unit heater, 422 
indirect heating unit, 815 
radiator, 815 
return system, 304, 815 
Direct current motors, 665 
Disc fan, 565 

Distnbution of air, 579 (see Aik disinbuUon) 
District heating, 761 
automatic control, 773 
glossary of terms, 771 
meters, 768 
piping, 761 
conduits for, 763 
inside, 766 

overhead distribution, 766 
sizes, 762 
tunnels, 765 
types of, 764 
rates, 770 

steam requirement, 234, 770 
utilization, 772 
Diverging vanes, 683 
Domestic oil burners, 210 
Door, doors 

coefficients of transmission, 115 
leakage, 122 
natujral ventilation, 766 
Down-feed 
one-pipe riser, 815 
steam heating, 267 
system, 815 

Draft, drafts, 172 
available, 186 
calculations, 185 
control, 172 
factors, 190 
general equation, 186 
head, 816 
natural, 188 
regulation, 172 
requirements, 172, 190 
theoretical, 185 
Drawing symbols, 826 
Drip, drips, 300, $16 
Drum dryer, 734 

Dry air, 1, 815 
composition, 1 
density, 1 
filters, 558 
specific enthalpy. 6 
specific volume, 1 
velocity head, 590 
volume, 20 
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Dry-bulb temperature, 815 
Dry cooling coils, 406 
Dry return, 816 

Dryer, dryers 
agitated, 734 
compartment, 734 
cylinder, 734 
drum, 734 
festoon, 734 
high temperature, 746 
induction, 734 
rotary, 734 
spray, 734 
tower, 734 
tunnel, 734 
vacuum, 734 
Dryer calculations, 741 

Drying, 712, 733 
calculations, 714 
control, 713 
chemical reaction, 713 
biochemical reaction, 713 
crystallization, 714 
Static electricity, 714 
design, 743 

estimating methods, 749 
factors influencing, 738 
general rules for, 739 
air circulation, 741 
humidity, 739 
temperature, 739 
humidity, 739 
mechanism of, 737 
methods. 733 
conduction, 735 
convection, 735 
estimating, 749 
radiant heat, 733 
omissions in the cycle, 738 
radiant, 733 
systems^ 733 
ventilation phase, 745 
Dual duct, 402 

Duct, ducts, 864, 376. 695 
air velocities in, 606, 72J 
approaches to outlets, 584 
attenuation, 624 
construction, 727 
construction details, 610 
design, 606 
deUils, 612 
dual, 402 

elbow f notion losses, 601 
friction losses, 596, 598 
heat loss coefheients, 617 
heat losses, 014 
lining, 629 

measurement of velocities, 661 
noise txansmitted, 022 
proportioning the losses, 605 
recirculating, 362 

rectangular equivalents of round, 600 
resistance, 728 
sound absorbers, 625 
symbols for drawing, 827, 828 
system design, 726 

Duct sizes, 505, 605 
air velocities, 606 
equal friction, 608 
general rules, 606 
main trunk, 607 
veloaty method, 607 

Dust, 561, 554, 815 
concentrations, 548 
determination, 663 
Alters, 729 
nature’s catcher, 552 
Dynamic head, 815 


E 

Effective temperature, 68, 815 {see Tempemlure) 
chart, 57 
index, 68 

Ejector nozzles, 687 
Elbow 

attenuation, 624 
copper equivalents, 307 
friction losses, 601, 604 
iron equivalents, 307 
Electric, electrical 
boilers, 779 
control systems, 640 
heaters, 776 
conduction, 776 
gravity convection, 777 
radiant, 776 
heating, 775 
auxiliary, 783 
calculating capacities, 783 
central fan, 778 
control, 783 
definitions, 775 
domestic water, 781 
elements, 776 
power problems, 783 
resistors, 776 

hot water heating, 780, 781 
panel heating, 790 
precipitators, 658 
radiant heatmg, 782, 790 
resistors, 776 
unit heaters, 422, 777 
Electricity, static, 714 
Emissivity, 93 
factors, 79 

Enclosed radiator, 259 

Enthalpy, 21, 38, 815 
free, 816 
specific, 5, 7, 818 
Entrance loss, 605 
Entropy, 815 
Equipment 
arrangement, 409 
selection, 407 
vibration, 635 

Equivalent evaporation, 816 
Equivalent temperature, 787 
Estimating fuel consumption, 223 
Eupatheoscope, 663, 797 

Evaporative 
condensers, 481 
cooled, unit conditioners, 432^ 
cooling, 404, 446 
Evaporatom, 483 
Excess air, 169, 215, 218 
Exhaust opening, 680 
measurement of velocities, 661 

Exhaust ssrstems, 717 
classification of, 717 
collectors, 729 
corrosion protection, 782 
ducts for, 726 
air velocities in, 727 
construction, 727 
design. 726 
resistance, 728 
dust filters, 729 
efficiency of, 731 
hoods. 717 
air flow, 719 
air velocities, 721 
axial velocity formula for, 722’ 
chemical laboratories, 725 
design principles, 718 
kitchen, 739 
large open, 723 
lateral exhaust, 724 
low velocity systems, 723 
spray booths, 718 
velocity contours, 723 
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Exbaust systems (.continued') 
rate of flow, 720 
resistance of, 730 
suction requirements, 719 
types of fans, 731 
■v^ocity requirements, 733 
Expansion 
of pipe, 328 
tanks, 309 
vaives, 478 


r 


Fan, fans, 373, 565 
arrangement of drives, 676 
attic, 429, 443 
location, 444 
types, 443 
axial flow, 565 
booster, 358 
centrifugal, 565 
characteristic curves, 568 
control, 577 
designations, 577 
efficiency, 567 
furnace system, 371, 379 
motive power, 578 
noise generated, 575, 623 
performance, 566 
radial flow, 565 
selection of, 574 

air conditioning systems. 675 
industrial exhaust systems, 732 
speed, 575 

system characteristics, 572 
volume control, 578 
Festoon dryer, 734 
Fever therapy, 689 
equipment for production oC, 690 
Film conductance, 88 
coefficient, 511 
FUter, filters, 373, 553 
air conditioning units, 443 
dry air, 668 
dust, 729 
performance, 659 
testing, 559 
viscous automatic, 557 
viscous impingement type, 556 


Fittings, 323 
pipe allowance, 284, 307 
types of, 331 
Flame, 167 

Flexible mountings, 635 
Float trap, 277 
Floor 

cooling unit, 441 

heat transfer coefficients, 109, 110 
unit heater, 414 
Flow meters, 768 
Fluid meters, 768 
Force, 816 
Forced 

air heating system, 371, 376 
circulation pix}e sizes, 305 
convection, 72 
Free 

convection, 72 
enthalpy, 816 


Fuel, fuels, 165 
burning equipment, 201 
classification. 173, 176, 179, 181 
consumption, 223, 231, 233 
load factors, 235 
maximum demands, 235 
seasonal eifiaeucy, 236 
umt consumptions, 230, 232 

Fueloil 

carbon residue, 180 
classification of, 179 
combustion of, 176 
grade of, 180 


Fuel oil (continued) 
maximum carbon dioxide values, 171 
theoretical air requirements, 109 
viscosity, 180 
Fumes, 545, 816 
Fundamentals heat transfer, 71 
Furnace, furnaces, 358, 371, 816 
capaaty, 365 
casings, 372 
design, 208, 215 
fan. 379, 816 
gas-fired units, 210 
gravity systems, 368 
mechanic^ warm air systems, 371 
coohng methods, 380 
cooling system, 381 
dampers, 375 
ducts, 375 
fans, 373, 378, 379 
filters, 373 

method of designing, 370 
motors, 373 
oil-fired units, 213 
stoker-fired units, 202 
volume, 179, 816 


G 


Gage, gages 
draft, 667 
pressure, 657, 816 
Garage ventilation, 759 


Gas, gases 
burner controls, 646 
chimneys for heating, 197 
classification of, 181 
combustion of, 182 
estimating consumption, 231 
specific heat, 831 
Gaseous fuels 
classification of, 181 
combustion of, 182 
flame temperature, 182 
maximum carbon dioxide values, 171, 182 
products of combustion, 182 
properti^ of, 182 
apedfic gravity, 182 
theoretical air requirements, 169, 182 
Gas-fired appliances, 216 
boilers, 217, 239 
combustion process, 218 
controls, 646 
conversion burners, 217 
furnaces, 217 

measurement of efficiency of combustion, 219 

ratings for, 219 

sizing heating plants, 220 

space heaters, 217 


Glass 

coefficient of transmission, 115 
solar heat transmitted, 153 


Glass block waUs 
coefficient of transmission, 115 
solar heat gain, 156 
Globe thermometer, 69, 258, 663 
Graphical ssnnbols for drawing, 826 
duct work, 827. 828 
heating, 829 
piping, 826 
refrigerating, 830 
ventilating, 829 
Grate area, 816 
Gravity 

circulation pipe sizes, 305 
furnace systems, 358, 816 
capacity, 365 

design procedure, 362, 364 
typical design, 359, 364 
warm air, 368, 816 
steam system, 201 
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Grille, grilles, 579, 580, 590 (see Regtslet s) 
air supply noises, 637 
attenuation, 031, C32 
exhaust, 590 
locations, 591 
door, 591 
floor, 591 
wall, 591 

mechanical furnace systems, 371 

noises. 591 

railway car, 698 

recirculating, 360 

return, 590 

selection, G32 

veloaty, 590 

Ground temperatures, 135 
Guarded hot plate, 663 
Gun type oil burners, 210 


K 

Hangers, pipe, 330 
Hay fever symptoms, 692 
Health. 548 

Heat, 816 

area transmitting surface, 807 
auxiliary sources, 139 
combustion, 167 
emission of 
appliances, 157 
occupants, 52, 157 
exchange measurement, 663 
extended surface, 815 
flow resistance, 80 
How through roofs, 152 
flow through walls, 153 
generated by motors, 158 
humid, 816 

infiltration equivalent, 126 
introduced by outside air, 157 
latent, 127, 394, 817 
liquid. 816 

mechanical equivalent of, 817 
methods of, transfer, 71, 87 
production, rate of, 786 
removal, natural ventilation, 752 
sensible, 126, 394, 818 
factor, 394 

transfer, 71, 493, 503, 504 
boiler rates, 241 
over-all coefficients, 88, 604 
surface coils, 493, 604 
symbols, 87 

through building materials. 87, 6C3 
Heat gain» 146 
appliances, 157 
components of, 146 
electrical heating equipment, 159 
gas burning equipment, 159 


jLuo 

latent, 148, 163 
light, 169 
occupants, 167 
outside air, 157 
people, 167 
roof, 148 
sensible, 148 

steam heated equipment, 159 
various sources, 159 
wall, 148 
Heat loss 
bare pipe, 344 
basement, 105 
control of, 780 
duct, 614 
infiltration, 126 
insulated pipe, 347 
latent, 127, 394 
pipe, 344 

remdence problems, 140 
sensible, 126, 394, $18 
through ceilings and roofs, 137 
transmission. 125, 148 


Heater, heaters 
direct-fired unit, 422 
electric, 776 
solar water, 810 
unit, 414 

vertical blow unit, 416 
Heating 

air conditioning units, 430 
boilers, 237 
surface, 240, 816 
coil selection, 617 
district, 761 

domestic water by electricity, 781 
effect, radiator, 256 
electric, 775 
hot water, 780 
load, 35, 125, 392, 588 
performance of coils, 504 
physiological objectives of, 65 
radiant, 785 (see Radtant Heating) 
State codes, 832 
steam systems, 261 
surface, 816 
prime, 816 
square foot of, 818 
symbols for drawing, 826 
systems, 383 
up the radiator, 268 
vacuum systems, 268, 820 
vapor, 266, 266, 267, 820 
warm air, system, 368, 371, 820 
water, 801 

Heavy duty fan furnace, 379 
High duty humidifiers, 626 
Hood, hoods, 718 
Horsepower, boiler, 813 

Hospital, hospitals 
air conditioning in, 695 
operating rooms, 683 
air conditions, 685 
reducing explosion hazard, 683 
sterilization of air, 686 
ventilation reQXiirements, 686 

Hot water 

boiler supply load, 243, 802 
demand per 
fixture, 803 
person, 804 
electric heating, 781 
methods of heating, 805 
heating surface, 807 
panel heating, 788 
radiant beating, 788 
solar heaters, 811 
storage tank, 802 
supply 

boUers, 240, 805 
piping, 801 

temperature control, 809 


Hot water heating systems, 303, 816 
direct return system, 304, 322 
elbow eqmvalcnts, 307 
expansion tank, 310, 313 
forced circulation. 304, 314 
friction heads, 308 
gravity, 314 
circulation, 317 
pressure heads, 309 
installation details, 312 
mechanical circulators, 304. 314 
one-pipe 

forced circulation, 320 
gravity circulation, 319 
orifice friction heads, 311 
pipe sizes, 305 
forced circulation, 305 


gravity arculation, 305 
pressure head, 309 
reversed return system, 304, 321 
systems of piping, 303 
two-pipe 


gravity, 315 
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Hot-wire anemometer, 69, 660 
Human body 
adaptation, 47 
cold conditions, 51 
hot conditions, 50 
heat emission, 52, 54, 786 
odors, 42 
temperature, 47 

aone of evaporative regulation, 50 
Humid heat, 816 
Humidification, 379, 523 
control, 380, 642 
mechanical furnace systems, 379 
residence requirements, 380 
Humidifier, humidifiers 
air washer, 523 
atomizing, 525 
high duty, 526 
spray, 379, 430, 521, 626 
units, 427 
Humidify, 816 
air conditioning units, 430 
Huxnidistat, 6^, 816 


Humidity, 816 
absolute, 813 
drying, 739 
influence of, 67 
measurement of, 662, 739 
nurseries for premature infants, 688 
permissible r^tive, 108 
ratio, 9. 817 
relative, 19, 818 
Hydraulic radius, 76 
Hygroatat, 642, 817 


I 

Ice systems, 487 
Impulse trap, 278 
Inch of water, 817 
Induction dryer, 734 
Induction units, 403 
high pressure types, 404 
low pressure types, 403 
Industrial 
air conditioning, 703 

exhaust systems, 717 (jsee Exhaust systems) 
humidities, 706 
processes, 706 
temjieratures, 706 

Infiltration 
causes, 117 

due to wind pressure, 117 
heat equivalent, 129 
heat losses, 126 
latent, 127 
sensible, 126 

temperature difference, 123 
through outside doors, 122 
through windows, 119, 120 
through walls, 11$ 

Inside temperature, 127 
Instruments, 664 
Insulation, 817 
economical pipe thickness. 365 
gravity furnace duct, 360 
low temperature pipe, 351 
pipes to prevent freezing, 363 
underground pipe, 857 
Intermittently heat^ buildings, 140 
Interstitial condensation. 110 
Ionization, 45 

Iron elbow equivalents, 307 
Isobaiic, 817 
Isothermal, 817 


J-K-L 

Joints, duct, 611 
Elata-thermometer, 268, 669 


Latent heat, 127, 394, 817 
loss, 127, 394 

Laws of thermodynamics, 817 
Leaders. 368 
Leakage of air, 117 
door, 119 
window, 119 
Light heat gain, 158 
Lignite, 174 
Lint, 664 
Liquid 

absorbents, 450 
heat of, 846 
Lithium chlonde, 451 

Load 

cooling, 32, 146, 390, 588 
design, 815 

heating, 36, 125, 392, 588 
maximum, 815 
refrigeration, 146, 164 


M 


Machine vibration, 635 
Manometer, 667, 817 


Marine heating and ventilation, 835 
factors affecting design, 837 
general considerations, 835 
insulation of hull, 845 
ducts, 846 

requirements for space, 841 
bakery, 843 
bath, 848 
cargo. 844 
food handling, 843 
galley, 843 
laundry, 844 
living, 843 
shower, 843 
storeroom, 844 
toilets, 843 
washroom, 843 
Mass, 817 
Mb, 817 
Mbh. 817 

Mean radiant temperature, 69, 786, 792 


Mechanical 
circulators, 304 
di^t, 185 
towers, 536 

equivalent of heat, 817 
furnace systems, 371 
air distribution, 373 
control, 375 
cooling methods, 380 
dampers, 376 
design, 376 
ducts, 375 
fans, 373 
filters, 373 
heavy duty, 379 
humidification, 879 
methods of design, 381 
motors, 373 
registers, 374 
refrigeration, 465 
return heating system, 261 
stokers, 201 

Meter, meters 
condensation, 76$ 
differential, 769 
flow, 768 
fluid, 768 
Kicholls* heat, 663 
onfice, 769 
plug, 768 

vacuum condensation, 340 
velocity, 768 
venturi, 659 
Me^yl chloride, 469 
Micromanometers, 667 
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Micron, 817 
Moist air, 8 
saturation, 9 
volume, 20 
Moisture, 711, 741 
content, 713 
permeability, 158, 160 
regain, 709, 711 
Mol, 817 

Mollicr diagram, 23 
border scale, 31 

Monofluorotrichloromethane, 472 
Motor, motors, 665 
adjustable speed, 666 
alternating current, 667 
capacitor type, 668 
classification, 674 
compound wound, 666 
constant speed, 666 
control equipment for, 677 
direct current, 665 
electric, 139 
enclosures, 676 
heat generated by, 159 
polyphase, C70 
repulsion induction, 669 
senes wound, 606 
shunt wound, 665 
single phase, 668 
speed chaiacteristics, 606 
split phase, 669 
squirrel cage induction, G70 
synchronous, 676 
wound rotor, 673 
Multiblade fans, 571 


N 

Natural draft, 185 
towers, 536 

Natural ventilation, 751 
general rules, 767 
heat removal, 762 
Noise, noises 

air conditioning system, 591 

air supply opening, 631 

apparatus for measuring, 620 

cross transmission between rooms, 634 

design loom level, 022 

duct sound absorbers, 625 

duct system attenuation, 624 

generated by fans, 623 

kinds of, 622 

through building construction, 636 
transmitted through ducts, 622 
unit of measurement, 619 
Nurseries for premature infants, £087 
air conditioning equipment, 689 
air conditioning requirements, 088 


o 

Occlusion of solar radiation, 550 
Odors, 42 
human body. 42 
Oil, oils 

classificatioii of, 179 
combustion of, 179 
estimating consumption, 231 
Oil burners, 210 
boiler settings, 215 
combustion adjustments, 214 
combustion process, 2X3 
commercial. 215 
controls, 216, 646 
domestic, 210 
furnace design, 216 

measurement of efficiency of^combustion, 235 
mechanical draft, 210 
operating requirements, 213 


One-pipe system, 262, 303 
gravity air-vent, 262 
hot water, 303, 817 
steam, 262, 817 
supply riser, 285, 817 
unit heater connection, 295, 420 
vapor, 265 
Opening, openings 
air supply noises, 631 
types of, 756 
doors, 756 

roof ventilators, 766, 757 
skylights, 756 
stacks, 757 
windows, 756 
Operating rooms, 683 
conditions, 685 

reducing explosion hazard, 683 
stenlization of air in, 686 
Operative temperature, 48 
Orifice heating systems, 272 
Orsat apparatus, 664 
Outdoor air, 389 
Outlet, outlets 
air supply noises, 631 
cdUng, 686, 687 
duct approaches, 684 
sound absorbers. 629 
Outlet locations, 688 
cooling load, 588 
heating load, 588 
Outside temperature, 130 
Overhead distnbution, 263, 766, 802 
Overhead system, 817 
Oxygen 
chambers, 694 
tents, 694 
therapy, 693 
Ozone, 45 


P 

Panel heating. 788, 789 
electric, 790 
hot water, 789 
steam, 788 
warm air, 788 
Panel radiator, 817 
Particle size chart, 546 
Per cent of saturation, 19 
Perforated ceilings, 687 
Perforated outlets, 586 
Phon, 619 

Phjirsical impurities in air, 45 
Physiological principles, 41 
four vital factors, 69 
Pilot controls, 678 
Pipe coils, 253 
heat emission, 253 
wall, 253 

Pipe, piping, 823 
capacity, 285 
cod connections, 297 
commercial dimensions, 325 
conduits for, 763 
connection to heating units, 290 
corrosion, 341 

design, hot water system, 313 
direct return, 322 
forced circulation, 314 
gravity, 314 

one-pipe forced circulation, 319 
one-pipe gravity circulation, 318 
two-pipe forced circulation, 317 
two-pipe gravity circulation, 315 
reversed return 321 
economical thickness insulation, 355 
expansion, 328 
fittings, 331 
fitting equivalent. 284 
fiexibility. 328 
hangers. 330 
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Pipe, piping iconiinued) 
heat losses, 344 

hot water heating systems, 303 
inside, 766 

insulation prevent freezing, 353 
leader sizes, 362. 365, 366 
low temperature insulation, 351 
materials, 323 
overhead distnbution, 766 
propoiUoning wall stacks, 360, 302 
return ducts, 360, 363, 367 
recirculating grilles, 363 
refrigerant sizes, 4S6 
register selections, 362, 363 
return connection, 364 
sizes, 2S3 

high pressure steam, 293 
hot water forced circulation, 305 
hot water gravity circulation, 305 
indirect heating umts, 299 
initial pressure, 283 
maximum veloaty, 283 
one pipe riser, 282 
orifice systems, 299 
pressure drop, 283 
sub-atmospheric systems, 299 
tables for, 287 

two-pipe gravity air-vent system, 289 
two-pipe nser, 282 
two-pipe vapor systems, 290 
vacuum systems, 291 
water supply systems, 801 
steam distribution, 761 
steam heating systems, 279 
supports, 330 
symbols for drawing, 826 
tax, 243 
threads, 830 

thread connections. 380, 334 
tunnels, 765 

underground insulation, 357 
unit heater connections, 419 
water supply, 801 
Pitot tubes, 658 
Plate cell, 628 
Plenum absorbers, 627 
Plenum chamber, 817 
Pneumatic control systems, 640 

Pollution of air, 545 
Polyphase motors, 670 
Ponds, 531 
Potentiometer, 817 
Power, 817 
Precipitators, 568 
Pre-cooling, 405- 
Premature infant nurseries, 687 

Pressure 
absolute, 813 
atmospheric, 813 
gages. 657, 816 
measurement, 656 
barometer, 656 
regulators, 294, 766 
static, 819 
total, 819 
vapor, 820 
vdocity, 820 
water supply piping, 801 
Precipitators, 5^ 

Prime surface, 818 (see Seating surface) 

Propeller fan, 565 

Properties of saturated steam, 24 

Psychrometer, 818 

Psychrometric chart, 60 

Pump, pumps 
condensation return, 273 
mechamcal circulators, 312 
vacuum heating, 274 
controls, 275 
piston displacement, 276 
Pyrometer, 656, 818 
optical, 656 
radiation, 656 


O-R 

Radial flow fan, 565 
Radiant drying, 782 
Radiant heating, 785. 818 
application methods, 788 
calculation principles, 790 
detailed computation method, 792 
drying methods, 733 
electnc, 790 

eqmvalent temperature, 792 
hot water, 788, 790 
mean radiant temperature, 792 
measurement of, 797 
steam, 788 
warm air, 788 
Radiation, SIS 
angle factor, 78 
equation, 76 
load, 243 

Radiator, radiators, 251, 818 
codes, 264, 255 
concealed, 253 
connections, 296 
correction factor, 255, 266 
direct, 815 
effect of paint, 256 
enclosed, 259 
gas-fired, 218 
heat emission of, 251, 253 
heating effect, 256 
heating up, 258 
output of, 256 
panel, 817 
ratings. 254 
recessed. 818 
tube, 252, 819 
t 3 T>es of, 251 
warm air, 218 

Railway air conditioning, 697 
air distribution, 698 
humidity control, 700 
summer systems, 699 
temperature control, 700 
ventilation, 697 
winter systems, 699 
Reciprocating compressors, 470 
RecooUng, 401 

Rectangular duct equivalents, 600 
Reducing valves, 294, 766 
Reflective insulation, 93, 98, 99 
Refrigerant, refrigerants, 467, 818 
ammonia, 466 
carbon dioxide, 470 
dichlorodifluoromethane, 468 
feeds, 498 

methyl chloride, 469 
monofluorotnchloromethane, 472 
pipe sizes, 486 
water, 472 
Refrigeration, 465 
absorption systems, 476 
compression systems, 475 
control, 650 

condensers, 479 {see Condensers) 
equipment selection, 489 
expansion valves, 478 
ice systems, 487 
load, 164 
mechanical, 465 
reverse cycle, 491, 782 
storage systems, 489 
symbols for drawing, 830 
ton of, 819 
day of, 819 

types of compressors, 470 {see Compressors) 
Regain, 711 
control of, 709 
hygroscopic materials, 710 
Renter, registers, 680, 586 (see Grillei) 
air supply noises, 631 
mechanical furnace systems, 371 
noises, 591 
railway car, 698 
selection, 360, 361, 362 
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Reheat, 401 
Reheating, 399 
Relative humidity, 19, 818 
measurement of, 662 
Repulsion induction motors, 669 

Residence 
control systems, 645 
air conditioning, 639, 645 
coal-fired heating plant, 645 
domestic hot water supply, 645 
cooling methods, 380 
gravity furnace system, 358 
heat loss problems, 140 
hot water heating system, 303 
humidity requirements, 379 
mechanical furnace system, 371 
steam heating system, 261 
Resistance thermometers. 656 
Resistors, 776 
Return 
griUe, 590 
mains, 818 
openings, 586 

Reverse cycle refrigeration, 491, 782 
Reversed return system, 304, 818 

Roof, roofs 
heat flow through, 152 
time lag of solar radiation, 154 
ventilators, 766 

Room 

air motion, 683 
control, 649 

Cl OSS transmission, noise, 634 
latent heat. 894 
noise level, 622 
operating, 683 
sensible heat, 394 
Rotary dryer, 734 
Rotary oil burner, 212 
Run-around system, 405 


s 

Sattirated air, 9, 818 
Saturation, 818 
degree of, 19, 814 
pressure, 818 
Secondary air, 170, 182 
Sectional boiler, 237 
Self-contained 
control systems, 639 
humidifiers, 526 
umt conditioner, 429 
SenvSible cooling, 405 
Sensible heat, 818 
factor, 394 
gain, 148, 164 
loss, 126 

Series wound motors, 666 
Sheet metal gages, 611 

Ship air condidonlnig, 704 (se« Marine) 
hearing, $35 
ventilation, 836 
Shunt wound motors, 666 
Silica gel. 447, 449 
Silicon dioxide, 447 
Single phase motors, 668 
Slotted outlets, 687 
Smoke, SIS 
abatement, 550 
density measurements, 664 
Smokeless arch, 818 
Smokeless combustion, 172, 560 

Solar heat 

through shaded windows. 164 
time lag, 164 
transmission of, 148 
transmitted through glass, 153 
transmitted throu^ walls, 148 


Solar radiation 
against walls, 162 
occlusion of, 550 
Solar water heater, 810 
Soot, 1^ 

Sound {see Noise) 
absorbers, 625 
attenuation, 624, 628 
control, 620 

cross transmission between rooms, 634 
general problem. 620 
duct absorbers, 625 
levels, 621 

outlet absorbers, 628 
Space heaters, 217 
Specific 

enthalpy, 5. 818 
dry air, 5. 6 
water vapor, 8 
gravity, 818 
gaseous fuels, 184 
heat, 818 
gases, 831 
liquids, $31 
solids, 831 
vapors. 831 
volume, 1, 818 
air, 1 

water vapor, 7 
Split phase motor, 668, '669 
Split system, 818 
Splitter dampers, 376 

Spray 
booths, 725 
cooling, 445, 530 
cooling ponds, 534 
cooling towers. 636 
distribution, 525 
dryer, 746 
equipment, 521 
generation, 625 
humidifiers, 526 
type unit, 535 
umt air conditioner, 447 
Spread, air distribution, 681 
Square foot of heating surface, 818 
Squeeze dampers, 376 
Squirrel-cage induction motor, 670 

Stadc, stacks, 757 
height, 818 
wall, 362 

Standard, standeuds, 821 
air distribution, 579 
atmosphere, 38 
State 

air conditioning, 832 
heating, 832 
ventilating, 832 
Standard air, 819 
Static 

electricity ellimnation, 714 
pressure, 819 
control, 642 

Steady flow energy equation, 36 
enthalpy, 38 
gravitational energy, 37 
heat and shaft work, 38 
kinetic energy, 36 

Steam, 819 
coils, 496 

distribution piping. 761 
estimating consumption, 234 
flow, 280, 281 
heated equipment, 159 
heating systems, 261, 279, 819 
air line, 265 

condensation return, 268 
corrosion, 341 

down-feed two-pipe vapor, 267 
gravity one-pipe air-vent, 262 
gravity return, 261 
gravity two-pipe air-vent, 265 
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Steam, heating systems iconHnued) 
mechanical return, 261 
one-pipe vapor, 265 
orifice, 272 
piping for, 271, 279 
snb-atmospheric, 270 
two-pipe vapor, 266 
vacuum, 268 
high pressure, 293 
jet type of compressor, 473 
panel heating, 788 
pipe capacities, 285, 287 
radiant heating, 786 
requirements, 770 
runout, 262 
superheated, 819 
supply mains, 819 
trap, 277, 819 
Steel boilers, 238 
Sterilization of air, 686 
Stoker, stokers, 201 
classification of, 201 
combustion adjustments, 207 
combustion process. 204 
controls, 210, 647 
furnace design, 208 
mechanical, 201 
overfeed flat grate, 204 
overfeed inclined grate, 203 
sizing and ratings, 201 
underfeed, 203, 819 
rear cleaning, 203 
side cleaning, 203 
Storage refrigeration system, 489 
Straight vanes, 582 
Sub-atmospheric systems, 270 
Summer air conditioning system, 383 
Summer comfort, 66 
Superheated steam, 819 
Supply mains, 819 
Supply openings, 580, 586 
measurement of velocities, 601 
types of, 586 
Supports, pipe, 330 
Surface 

condensation, 108 
conductance, 88, ^9 
coefficients, 90 
external pipe, 347 
heating, 816 
tended, 816 
temperature, 612 
Suspended unit heater, 416 
Symbols, 821 
heat transfer, 87 
for drawings, 826 
ductwork, 827, 828 
heating, 829 
piping, 326 
refrigerating, 830 
ventilating, 829 


T 

Tables 

air conditioning temperatures and humidities, 706 
altitude, pressure and temperature, 39 
anthracite size, 178 
areas flanged fittings, 347 
attenuation between grille and room, 620 
average maximum water main temperatures, 529 
capacity constants 
blow-through unit heaters, 417 
draw-through unit heaters, 418 
carbon dioxide maximum, 171 
ceiling temperature. 129 
chimney sizes, 193, 198 
circular equivalents of rectangular ducts, 601 
classification of 
coals, 175 
motors, 674 

climatic conditions, 132 

combustible elements and compounds. 166 

composition of air, 2 


Tables {continued) 

conductivity materials, 94, 99, 351 

copper elbow equivalents, 317 

corrosion resistance, 731 

degree-day base temperature, 227 

degree-days for cities, 228 

design dry- and wet-bulb temperatures, 147 

draft requirements of appliances, 197 

dryers for evaporation of water, 734 

duct attenuation, 624 

elbow attenuation, 624 

emisavity factors, 79 

exhaust pipes for machines, 720 

factors influenang drying, 738 

fitting dimensions, 333, 334, 336, 330, 337, 338 

flame temperature data, 168 

free convection factors, 75 

fuel oil properties, 180 

heat gain 

appliances, 153, 159 
blocks, 156 

insulated cold pipes, 353 
heat loss 

bare copper pipe, 345, 346 
bare steel pipe, 846 
heat transmission, 100, 106, 808 
coefficients, 92, 97 
hot water demand, 803, 804 
hot water piiie sizes, 306, 307 
humidities, industrial air conditioning, 706 
infiltration through outside doors, 122 
infiltration through walls, 118 
infiltration through windows, 120 
inflammability of gases and vapors. 457 
inside temperatures, 128 
insulation factors, 351 ' 
iron elbow equivalents, 307 
minimum outdoor air requirements to remove 
odors, 44 

moisture content for materials, 741 
noise levels, 621 
permeability to vapor, 160 
pipe dimensions, 824, 320, 327 
pressure loss 
refrigerant line, 482 
proiiertios of 
ammonia, 406 
carbon dioxide, 470 
dichlorodifluoromethane, 468 
fuel oil, 180 
gaseous fuels, 182 
lithium chloride, 462 
methyl chloride, 409 
monofluorotrichloromethane, 472 
saturated steam, 24 
water, 472 
radiation factors, 79 
radiator sizes, 252 
regain of hygroscopic materials, 710 
relation between metabolic rate and activity, 62 
requirements for fuel oil, 180 
return pipe capaaties, 286 
sheet metal gages for ducts, 611, 014 
ship practice, 842 
solar radiation, 149, 150, 154 
speafic heat of solids, liquids, gases, 831 
specific volume of dry air, 4 
specific enthalpy of dry air, 0 
specific enthalpy of water vapor, 8 
State codes, standards or laws 
air conditioning, 832 
heating, 832 
ventilating, 832 

steady-state conduction problems, 82 
steam consumption of buildings, 234 
steam pipe capacities, 280, 282, 284, 286, 289 
temperatures, industrial air condltioiiing, 706 
theoretical air requirements, 169 
thermodynamic propertiw of moist air, 10 
toxidty of gases and vapors, 549, 730 
unit fuel consumption, 232 
weight of saturated air, 26 

Tank, tanks 
expansion, 309 
Tax, pipe, 2i3 
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Temperature, tempeiatures 
absolute, 4. 813 
attic, 131 

automatic control, 639 
basement, 136 
heated. 137 
unheated, 136 

control for i ailway passenger cars, 700 

control service water, 809 

design wet-bulb, 532 

design zone map, 134 

dew-point, 20 

dry-bulb, 815 

drying, 739 

effective, 58, 128, 815 

ground, 135 

hazards in treatment of disease, 691 
humidity, railway cars, 700 
industrial, 706 
inside. 127 
ceilings, high, 129 
proper level, 129 
mean radiant, 786, 792 
measurement, 654 
thermocouple, 665 
thermometers, 664 

outside, 130 • 

surface, '512 

thermodynamic wet^bulb, 21 
unheated spaces, 135 
water main, 628 
wet-bulb, 820 

Terminology, 813 
Test methods, 654 
Therapy 
cold. 691 
fever, 689 
oxygen, 693 
Therm, 819 

Thermal 
conductance, 88 
conduction equation, 72 
conductivity, 88 
convection, 72 
convection equation,' 73 
expansion of pipe, 328 
interchanges of body, 46 
radiation equation, 76 
resistance, 819 
resistivity, 819 

steady-state conduction problems, 82 
transmittance, 88 

unit conductances for convection, 77 
Thermocouple, 056 
Thermodynamic 
air and water mixture, 1 
laws of, 817 

wet-bulb temperature, 21 
Thermometers, 654 
alcohol, 654 
dry-bulb, 69 
globe, 69, 663, 797 
Kata, 69, 068 
mcrctirial, 654 
resistance, 656 
stem correction, 055 

Thermostat, 641, 819 
room, 641 

Thermostatic trap, 278 
Tilting trap. 278 

Time lag through walls and roofs, L54 
Ton day of refri^ration, 819 
Ton of refrigeration, 819 
Total heat, 819 (se« Enthalpy) 

Total pressure, 819 

Tower, towers 
cooling, design, 536 
cooling, perfonnance, 643 
mechanical draft, 536 
natural draft, 535 
spray cooling 535 
Tower dryer, 734 


Transmission 
coefficient, 814 
heat losses, 125 
normal heat, 148 
solar heat, 148 
Transmittance, 88 
Transportation air conditioning, 697 

Trap, traps, 277 
automatic return, 278 
bucket, 277 
float, 277 
impulse, 278 
steam, 819 
thermostatic, 278 
tilting, 278 

Traveling-grate stoker, 206 
Treatment of disease, 683 
Tube radiator, 819 
Tunnel dryer. 734 
Tunnels, pipe, 765 
Turning vane, 686 
Two-pipe system, 819 


u 

Ultra-Violet light, 46, 550. 687 
Underfeed stoker, 201. 819 
Underground pipe insulation, 367 
Unheated space temperatures, 135 

Unit, units, 819 
air cleaners, 553 
air conditioners, 429, 430 
application, 436 
cooling, 431 
dehumidifying, 431 
filtering, 431 
heating, 430 
humidifying, 430 
ratings, 438, 439 
types of, 432 
ventilating, 431 
air coolers, 429, 438 
defrosting, 441 
design, 440 
performance, 440 
ratings, 441 
types of, 440 
air fillers, 663 
British thermal, 813 
direct-indirect heating, 815 
fuel consumptions, 232 
heaters, 413, 414 
application, 421 
boiler capacity, 419 
capacity factors, 416 
control, 648 
direct-feed, 422 
electric, 796 
features, 414 
piping connections, 419 
ratings, 415 
suspended, 416 
types of, 416 
hutcudifiers, 427 
types of, 428 
induction, 403 
noise measurement, 619 
systems, 429 
economics, 442 
ventilators, 423 
air vents, 426 
applications, 426 
capacity, 424 
control, 649 
ratings, 423 
window, 427 
Unitary equipment, 413 
definitions, 413 
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V 

Vacuum 
cooling unit, 474 
heating pumps, 274 
control, 275 

piston displacement, 276 
heating systems, 268, 820 
down-feed, 270 
unit heater connection, 421 
Vacuum dryer, 734 

Valve, valves. 339 
angle, 296, 296, 339 
automatic. 341 
check, 339 
control, 296 
expansion, 478 
gate, 339 
globe, 339 

reducing pressure, 293 
Vane, vanes, 583 
Vaned outlets, 586 
Vapor, vapors 
heating system, 820 

unit heater connection, 421 
pressure, 820 

Vaporizing oil burner, 213 
Velocity, 820 
exhaust grilles, 590 
method duct design, 606 
pressure, 820 

return grilles, 360, 363, 590 
Ventilation, 820 
air conditioning units, 430 
dairy barn, 768 
garage, 789 
hospit^s, 684 
natural, 761 
general rules, 767 
passenger bus in summer, 701 
physiological objectives of, 65 
lailway passenger car, 697 
ship, ^2 
State codes, 832 
symbols for drawings, 826 
systems, 383 
wind forces, 751 
Ventilator, ventilators 
control, 757 
roof, 756 
unit, 423 
control. 649 

Vertical blow unit heater, 416 
Vertical openings, 124 
sealing of. 124 
Vibration, machine, 636 
Viscous filters, 556 
automatic. 557 
impingement, 556 
Vitiation of air, 41 
Volume 
control, 402 
furnace, 179 
specific, SIS 


Warm air {continued) 

mechamcal heating system, 37 1 
automatic control, 376 
cooling methods, 380 
cooling system design, 381 
dampers, 375 
design procedure, 376 
duct velocities, 377 
ducts, 375 
fans, 373 
filters, 373 
furnace, 371 
heavy duty, 379 
selection, 378 
humidification, 379 
motors, 373 

registers and grilles, 374 
panel heatinpc, 788, 789 
radiant heating, 788 
radiatois, 218 
Washer, washers, 521 
air, 813 
Water 

atmospheric cooling CQUipment, 530 
coils, 496 

control temperature service, 809 
cooled 

condenser, 480 
unit conditioning, 434 
corrosion treatment, 341 
heater 

coal-fired, 808 
solar, 810 
heating, 801, 805 
make-up, 544 

maximum, main temperature. 528 
properties of, 472 
supply piping, 801 
arrangement, 802 
thermodynamics of, 1 
well, temperatures, 527 
Water vapor, 6 
saturation pressure, 6 
specific enthalpy, 7 
specific volume, 7 
Welding, 323. 334, 336 

Wet-bulb temijerature, 532, ^2ffX$eelXemperature) 
Wet return, 2^, 820 
Wind, winds 
forces, 751, 754 
due to stack effect, 752 
natural draft equipment, 635 
selection of, veloaty, 137 
Window, windows 

coefficients of tiansmission, 115 
leakage, 120 

solar radiation through, 164, 155 
ventilatom, 427 
Winter 

air conditioning system, 383 
comfort zone, 67 
freezing, equipment, 544 
Wound rotor motor, 673 
Wroughfc-iron pipe, 324 
Wrought-steel pipe, 323 


w 

Wall, walls 
heat flow through. 153 
heat transfer coefficients, 09, 103, 105 
infiltration through, 118 
time lag of solar radiation, 164 
Warm Air 

gravity heating system, 358 
design procedure, 362, 364 
furnace capacity, 367 
installation practice, 358, 369 
performance, 368 
standardized units, 362, 363 
unit carnnng capacity, 365, 366, 367 


Year Vound air conditioning system, 383, 652 
Zone control, G47 
evaporative regulation, 50 
Zoning, 400 
control, 647 
dual duct. 402 
multiple fans, 401 
recooling, 401 
reheat, 401 

separate equipment, 401 
volume control, 402 
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^liermoclij.na.mic6 an J lAJaier ^^yfixtured 


Dry Air, Specific Enthalpy , Water Vapor, Moist Air, Dalton's 
Law, Humidity Ratio, Relative Humidity, Dew~Point, Enthalpy, 
Thermodynamic Wet-bulb Temperature, Mollier Diagram, 
Typical Air Conditioning Processes, Adiabatic Saturation, 
Psychrometric Chart, Steady Flow Energy Equation, U. S 
Standard Atmosphere 


T he working substance of the air conditioning engineer may be 
regarded, for the purpose of analysis, as a mixture of only two 
constitutents, dry air and water. The mixture may consist of two, and 
possibly three distinct phases, solid, liquid and vapor. The vapor 
phase is conveniently referred to as moist air and is regarded as a mixture 
of dry air and water vapor. 


DRY AIR 

Composition. Dry air is itself a mixture of several gases, but its 
composition is subject to such slight variation that it may be regarded 
as fixed. According to International Critical Tables, the mol-fraction 
composition of dry air is given by the first column of figures in Table 1. 
Molecular weights are given in the second column; the last figure in the 
third column is the apparent molecular weight of the mixture; the fourth 
column of figures gives the ordinary weight-fraction composition. 

IL is well known that dry air contains other gases besides those listed 
in Table 1 ; but these are present in such minute amounts that they can 
be grouped together as argon. Values in the lower section of Table 1 give 
the approximate mol-fraction composition of what is called argon in the 
upper portion of the table. 

In physical and chemical thermodynamics, there is a distinct advan- 
tage in using a different unit of weight, the mol, for each different sub- 
stance involved. A mol of oxygen weighs 32.000 lb as a matter of defi- 
nition; a mol of any other substance is a weight, in pounds, equal to its 
molecular weight. 

Specific Volume and Density 

The ratio of total volume to total weight is called specific volume, v 
In the English system, volume is expressed in cubic feet and weight in 
pounds; hence, specific volume is expressed in cubic feet per pound. 
The reciprocal of specific volume, that is, weight per unit volume is 
called weight density, d. The unit of density is the pound per cubic foot. 
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The earliest investigation into the relation between pressure, specific 
volume, and temperature for gases was made by Boyle (1661) who was 
able to confirm the hypothesis that the volume of a given weight of gas 
should vary inversely as the absolute pressure if temperature is main- 
tained constant. Thus, within the limits of his experimental error Boyle 
found that at constant temperature the product pv, pressure times specific 
volume, has a constant value over a considerable range of pressures. 
These results are - best visualized by plotting values of the product pv 
as ordinate against values of pressure p itself as abscissa. According to 
Boyle’s experimental findings lines of constant temperature (isotherms) 
of a gas are straight and horizontal on this pv^ p-plane. 

The first rough experiments of Charles (1787) and the subsequent 
more refined experiments of Gay-Lussac (1802) suggested the possibility 


Table 1. Composition of Dry Air 


Gas 

Mol per Mol 
Dry Air 

Lb per Mol 

Lb per Mol 
Dry Air 

Lb per Lb 

Dry Air 

Nitrogen 

0.7803 

X 

28.016 

- 21.861 

0.7547 

Oxygen 

0.2099 

X 

32.000 

S3 

6.717 

0.2319 

Carbon Dioxide. 

0.0003 

X 

44.003 

SS 

> 0.013 

0.0004 

Hydrogen 

0.0001 

X 

2.016 


0.000 

0.0000 

Argon 

0.0094 

X 

39.944 

= 

0.376 

0.0130 


1.0000 




28.967 

1.0000 


Argon 

Neon. 

Helium 

Krypton 

Xenon 


Composition of Argon 


Mol per Mol Dry Air 


0.00933 

0.000018 

0.000005 

0.000001 


0.00935 


of establishing a universal temperature scale such that the product pu 
for any gas is simply proportional to temperature measured on this scale 
in accordance with Equation 1, 

pv ^ BT (1) 

where B is a constant characteristic of the given gas. Referring to the 
graphical representation previously described in which the product pv 
is plotted as ordinate against pressure p as abscissa, the vertical spacing 
of the isotherms should be such that the ordinates to any two isotiierms 
are in the ratio of corresponding absolute temperatures and therefore in 
the same ratio for any gas. 

Precise measurements by modern methods have shown that the experi- 
mental findings of Boyle, Charles and Gay-Lussac are only approximately 
correct. In the range of sufficiently low pressures the isotherms of gases 
are indeed straight on the pv, ^-plane; but they are not horizontal in 
accordance with Boyle’s Law, being inclined downward to the right at 
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relatively low temperatures, upward to the right at higher temperatures. 
Extrapolation of each isotherm to zero pressure has revealed the remark- 
able fact that the limiting value of the product pv thus obtained is strictly 
proportional to absolute temperature as suggested by Equation 1, this 
strict proportionality providing an accurate basis for the establishment 
of the absolute temperature scale. 

The experimental facts of the preceding paragraph are expressed 
mathematically by Equation 2, 

pv ^ BT - A(T) p (2) 

where 

p ~ absolute pressure, pounds per square foot. 

V = specific volume, cubic feet per pound. 

5 s= a constant depending on the molecular weight of the gas. 

T = absolute temperature, degrees Fahrenheit. 

A(T) ~ a temperature function called second virial coefficient,^ cubic feet per pound 
[2].* The name undoubtedly originated from^ consideration of Clausius’ 
Virial Theorem according to which the mean kinetic energy of a molecular 
aggregate is equal to the mean value of a quantity, which Clausius called 
the virial of the system, depending solely on the forces acting upon the 
molecules and not upon the motion of the molecules. This name is used 
extensively. For some gases, the magnitude of the second virial coemcient 
can be predicted from theory; but at present, direct experimental measure- 
ments are more reliable. 


It will appear in what follows that the error committed in^ computing 
values of specific volume from Equation 1 instead of Equation 2 is extremely 
small. Thermodynamically, however, the former would deny the effect 
of pressure on the thermal properties of a gas which experiment shows to 
be appreciable. Therefore Equation 1 cannot be made the basis of an 
accurate analysis. 

The numerical value of the constant B in_ Equation 2 is different for 
every different gas, but can be calculated if the molecular weight w, 
pounds per mol, is known; for the product mB is a universal gas con- 
stant JR, namely, 

R - 1545.4 


Example 1, 
Solution. 


Find the value of B for dry air and water vapor. 
J3a = 1545.4 - 5 - 28.967 = 53.351 
= 1545.4 - 5 - 18.0154 * 85.782 


The temperature function AiT), the so-QB&tA second yirial coefficient, 
expresses the effect of intermolecular forces. It is positive at low tem- 
peratures where these forces are predominantly attractive, negative at 
higher temperatures where they are predominantly repulsive. It is 
Imown with satisfactory accuracy for both dry air and water vapor. 
Values of specific volume are listed in Table 2 for dry air at standard 
atmospheric pressure (29.921 in. Hg) as computed from Equation 2. 

The fact that A(T) is multiplied by pressure in Equation 2 rneans 
that intermolecular forces vanish at zero pressure and infinite volume 
where infinite distances separate the molecules. The finite value of the 
product pv at zero pressure is due entirely to the translational kinetic 

♦Bracketed numbers refer to references at end of chapter, 
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Table 2. Specific Volume of Dry Air^ at 29.921 In. Hg 


Temp 

F 

t 

Cu Ft per 

Lb 

wa 

Temp 

F 

1 ^ 

Cu Ft per 

Lb 

Va 

Temp 

F 

t 

Cu Ft per 

Lb 

wa 

-96 

9.1488 

32 

12.3888 

160 

15.6229 

-64 

9.9597 

64 

13.1977 

192 

16.4310 

-32 

10.7699 

96 

14.0063 

224 

17.2389 

0 

11.5796 

128 

14.8147 

256 

19.0467 

• 


aPrepared by John A Goff. 


energy of the molecules. In ordinary calculations not requiring too 
great accuracy, the effect of intermolecular forces may be ignored and 
Equation 2 simplified to 

pv = BT (1) 

Example Calculate an approximate value for the specific volume of dry air at 
64 F, 29.921 in. Hg. 

53.351 X 523.70 

Solution. V = 29.921 X 0.49115 X 144 = 

Note: This answer may be compared with the value in Table 2. The difference is 
due to intermolecular forces. It should not be concluded, however, that because the 
effect of intermolecular forces on the volume is so small these forces can be ignored entirely. 

The relationship of Equation 1 expresses certain familiar laws approxi- 
mately true for gases at not too high pressures. Thus, with temperature 
constant^ the volume of a given weight of gas is inversely proportional to its 
absolute pressure is a statement of Boyle’s Law. If vi denotes the specific 
volume at absolute pressure then at the same temperature, the specific 
volume V 2 at absolute pressure pi is approximately, 

^ = *'>( 1 -) . 

Also, with pressure constant the volume of a given weight of gas is directly 
proportional to its absolute temperature is a statement of Charles’ Law. 
If vi denotes the specific volume at absolute temperature Ti, then at the 
same pressure, the specific volume v% at absolute temperature Tt, is approxi- 
mately, 

= .X (^) 

Absolute Temperature 

For the range 0 to 660 C, the standard temperature scale is the Inter- 
national Centigrade Scale, namely, the readings of a platinum resistance 
thermometer standardized at the ice-point (0 C), the steam-point (100 C) 
and the sulphur-point (444.60 C). The corresponding Fahrenheit scale 
t used in scientific work is derived from the International Centigrade 
Scale by means of the relation, 

t = 1.8 (Int. Cent. Temp.) -j- 32 (3) 

Temperatures on the absolute Fahrenheit scale are then obtained by 
adding 459.70 according to the equation 

r = ^ + 459.70 
4 


( 4 ) 
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Absolute temperatures computed from Equations 3 and 4 are practically 
identical with the fundamental thermodynamic temperatures to which 
the zero-pressure values of the product pv for gases are proportional in 
accordance with Equation 2. 

Specific Enthalpy 

Most air conditioning processes are of the steady-flow type. In steady 
flow the energy convected with the fluid crossing a given section is the 
sum of (a) kinetic energy due to velocity, (b) gravitational energy due to 
elevation, (c) enthalpy due to the condition of temperature, pressure and 
composition at a given section. It is clear, therefore, that in order to 
apply the Law of Conservation of Energy to steady-flow processes, 
information regarding the enthalpy is needed. 

Recent developments in quantum mechanics have made it possible to 
calculate the zero-pressure specific enthalpy of a gas^ from spectroscopic 
measurements, and with a degree of accuracy exceeding that with which 
this property can be inferred from direct calorimetric measurements. 
Available data for each gas listed in Table 1 have been assembled and 
critically examined; and from them have been calculated best values 
for the specific enthalpy of dry air at zero pressure. These are listed in 
Table 3. The unit of energy is the Btu which is related to the foot- 
pound as follows : 

1 Btu « 778.18 ft-lbi (5) 


In Table 3 are also listed values of mean zero-pressure specific heat for 
the range 0 to / F. This is simply the increase of specific enthalpy from 
0 to / F, divided by the increase of temperature or, with 0 F as the 
reference point, by the temperature itself. The numerical values indicate 
that a rounded figure of 0.24 Btu per pound can be used in ordinary 
calculations. 

Applying well known identical relations of thermodynamics to Equation 
2, the following expression for specific enthalpy, valid at not too high 
pressures, is obtained 

(a) 

where ¥ denotes specific enthalpy at zero pressure. This equation 
emphasizes that the effect of pressure on specific enthalpy is not so much 
due to the second virial coefficient A itself as to its variation with tempera- 


Table 3. Specific Enthalpy of Dry Air at Zero Pressure^ 


Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

< 

Mean 

Specific 

Heat 

[cl]l 

A 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

Mean 

Specific 

Heat 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

>•1 

Mean 

Specific 

Heat 

KTo 

-96 

-64 

-32 

0 

-22.839 

-15.186 

-7.529 

-1-0.131 

0.2393 

0.2393 

0.2394 

0.2394 

32 

64 

96 

128 

7.796 

15.466 

23.145 

30.831 

0.2395 

0.2396 

0.2397 

0.2398 

160 

192 

224 

256 

38.529 

46.238 

53.962 

61.702 

0.2400 

0.2401 

0.2403 

0.2405 

aPrepai 

red by John , 

A. Goff from published data computed from spectroscopic measurements. 


iThis conversion factor is not exact by definition, but involves an expOTmental determination of^e 
relation between the absolute and the stendard electrical units of ener^. The value 1 mt. joule = 1.00019 
abs. joule, recommended by Osborne, Stimson and Ginnings [8j was used. 
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Table 4. Specific Enthalpy of Dry Air^ at 29.921 In. Hg 


Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

he, 

Specific 

Heat 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 
ha 

Specific 

Heat 

Mo 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 
ha 

Specific 

Heat 

Mo 

-96 

-23.035 

0.2399 

32 

7.680 

0.2400 

160 

38.454 

0.2403 

-64 

-15.356 

0.2399 

64 

15.363 

0.2400 

192 

46.172 

0.2405 

-32 

-7.678 

0.2399 

96 

23.053 

0.2401 

224 

53.903 

0.2406 

0 

0.000 

0.2400 

128 

30.749 

0.2402 

256 

61.649 

0.2408 


aPrepared by John A. Goff. 


ture. In other words, the pressure effect may be much more important 
than the corresponding effect on specific volume. Values of the specific 
enthalpy of dry air at standard atmospheric pressure (29.921 in. Hg) as 
computed from Equation 6 are given in Table 4. 

Reference Point, It is desired to give some prominence to the choice of 
reference point. As energy, and therefore enthalpy, is purely relative, 
any convenient state can be selected at which to assign the value zero to 
specific enthalpy. The state chosen is 0 F, 29.921 in. Hg. Perhaps the only 
really valid argument for this particular choice is that, for ordinary 
calculations at, or near, atmospheric pressure, a very simple equation 
can be used, namely, 

K - 0.24^ (7) 


WATER VAPOR 

Saturation Pressure, It is common knowledge that a substance like 
water can exist in at least three distinct phases, solid (ordinary ice), 
liquid and vapor; and that under certain conditions two or more phases 
can co-exist in stable equilibrium. For example, steam having a quality of 
98 per cent is a mixture of two co-existing phases, vapor and liquid, 98 per 
cent by weight being vapor and 2 per cent by weight, liquid. When two 
phases can co-exist in stable equilibrium, each is said to be saturated 
with respect to the other. 

One of the important problems of thermodynamics is to formulate the 
conditions for saturation in mathematical terms. The answer to the 
problem can be stated quite generally as equality, between the several 
co-existing phases, of (a) pressure, (b) temperature, (c) each component 
chemical potential. 

In the case^ of a pure substance like water, containing a single com- 
ponent, there is only one component chemical potential; and this becomes 
identical with a thermodynamic property called specific free enthalpy 
denoted by the letter g (Btu per pound) and defined by the equation : 

g^h^Ts 

where 

h » specific enthalpy, Btu per pound. 

T = absolute temperature, degrees Fahrenheit. 

s = specific entropy, Btu per pound per degree Fahrenheit. 

To illustrate, liquid water at 212 F, 14.696 lb per square inch has a 
specific free enthalpy of 180.07 — 671.70 X 0.3120 — —25.90 Btu per 
pound. At the same temperature and pressure, water vapor has a specific 
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free enthalpy of 1150.4 — 671.70 X 1.7566 = -- 26.90 Btu per pound. 
The numerical data used in these calculations are to be found in the 
steam tables^. Since the two specific free enthalpies are equal at the same 
temperature and the same pressure, the two phases can co-exist in stable 
equilibrium to form a saturated mixture and are therefore saturated 
with respect to each other. 

But suppose that a different pressure had been assumed, the tempera- 
ture being 212 F as before; for example, assume a pressure of 14 lb per 
square inch. The specific free enthalpy of the liquid phase will be 
practically the same as before, but that of the vapor phase will change 
from —25.90 to —32.84 Btu per pound, most of this change being due 
t6 change of entropy which, in die case of a vapor, depends markedly 
upon the pressure. Since the specific free enthalpies of the two phases 
are no longer equal, they cannot co-exist in stable equilibrium, and ndther 
is saturated. As a matter of fact the vapor is superheated while the liquid 
is supersaturated. 

From this analysis it will be seen that to a given temperature T there 
corresponds a definite saturation pressure ps. This is also called the 
vapor pressure of the liquid or solid as the case may be. It will also be 
seen that a working definition of saturation can only be arrived at by 
application of the fundamental laws of thermodynamics. 

Referring specifically to the vapor phase, if the actual pressure is 
less than the saturation pressure corresponding to the actual temperature, 
the vapor is said to be superheated] if it is greater, as it may well be under 
proper circumstances, the vapor is said to be supersaturated. Values of 
the saturation pressure of pure water are given in Table 6®. 

Specific Volume 

Accurate values of the specific volume of water vapor at pressures 
equal or near the saturation pressure (for the given temperature) can be 
computed from Equation 1 since the second virial coefficient A{X) is 
known with satisfactory accuracy. Usually, however, the desired infor- 
mation can be read directly from the steam tables. Values for the specific 
volume of the saturated vapor, are also listed in Table 8. 

Specific Enthalpy 

The zero-pressure specific enthalpy, as calculated by A. R. Gordon 
from spectroscopic measurements, has recently been corrected for dis- 
tortion of the water molecules due to centrifugal forces. Best values at 
present available are listed in Table 5. 

From the numerical values of mean specific heat, it is clear that for 
ordinary calculations the following simple relation may be used: 

^ = 0.444f -i- 1061 (8) 

Reference Point. The reference point for water has been chosen as 
saturated liquid at 32 F in conformity with usual steam table practice. 
In order to refer the zero-pressure values of specific enthalpy to this 

*Thennodyiiamic Properties of Steam, by J. H. Keenan and F. G. Keyes, published by John Wiley & 
Sons, Inc., 1936, of which Table 8 is an abridgment. ^ 

•strictly speaking the values listed in Table 6 are not values of pi as labeled, but of (Equation 13b) 

with the Dalton Factor (DF) taken to be unity. 
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Table 5. Specific Enthalpy of Water Vapor at Zero Pressure® 


Temp 

F 

t 

Specific 
' Enthalpy 
Btu per Lb 

C 

Mean 

Specific 

Heat 

i^i; 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

Mean 

Specific 

Heat 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

’‘I 

Mean 

Specific 

Heat 

-96 

1018.61 

0.4425 

32 

1075 28 

0.4435 

160 

1132.38 

0.4465 

-64 

1032.76 

0.4427 

64 

1089.51 

0.4440 

192 

1146.76 

0.4462 

-32 

1046.92 

0.4429 

96 

1103.76 

0.4444 

224 

1161.20 

0.4469 

0 

1061.09 

0.4431 


1118.05 

0.4450 

256 

] 

1175.70 

0.4477 


^Prepared by John A. Goff from published data computed from spectroscopic measurements. 


datum, best available information regarding latent heat, saturation 
pressure and second virial coefficient at 32 F has been used. The values 
in Table 5 do not agree exactly with those in the steam tables, but do 
agree with later information from the National Bureau of Standards [8J. 

MOIST AIR 

Dalton's Law. Having accurate information regarding the thermo- 
dynamic properties of dry air and water vapor separately, it is desired to 
predict the properties of moist air which is regarded as a mixture of 
these two constitutents. Statistical mechanics furnishes a starting point 
in the form of a prediction that, at not too high pressures, 

Po - i?r - + 24aw *(!-») + (1 - #)*] P (9) 

where 

P = observed pressure, pounds per square foot. 

V = specific volume, cubic feet per mol. 

= second virial coefficient for the dry air expressing the effect of forces between 
air — ^air molecules, cubic feet per mol. 

Aww = second virial coefficient for the water vapor, expressing the effect of forces 
between water — water molecules, cubic feet per mol. 

Azsr = interaction constant expressing the effect of forces between air — water mole- 
cules, cubic feet per mol. 

X = mol-fraction of dry air in the mixture, mols dry air per mol mixture. 

Equation 9 will be recognized as a generalization of Equation 2. Both 
-4aa 2 tnd are known; but until recently no reliable information on the 
interaction constant ^aw has been available. Preliminary results of a 
cooperative investigation between the A.S.H.V.E. and the Towne 
Scientific School, University of Pennsylvania, have indicated that the 
ratio 24aw/(-4aa + -4ww) has an approximately constant value X = 
0.075 [10]. However, before attempting to make use of this information 
it is advisable, in the interest of simplicity, to first ignore the complica- 
tions arising from intermolecular forces. 

Now, in the absence of intermolecular forces, each constituent gas in a 
mixture such as moist air would behave exactly as if it alone occupied the 
volume V at the temperature T of the mixture and: (1) the observed 
pressure P would be the sum of individual partial pressures p\ (2) the 
total enthalpy H would be the sum of the individual enthalpies. This is 
the essence of Dalton’s Law of Partial Pressures. 


8 





CHAPTER 1. THERMODYNAMICS OF AIR AND WATER MIXTURE 


Referring to dry air by the subscript a and, to water vapor by the 
subscript Wy Dalton’s Law would predict 

y = ^ nvrRT ^ (na + Ww) RT 

Psi pvf -P 

where 


4* pvr 


(10b) 


From these equations are easily obtained, 

_ Pw Pvt _ ^vrlrtz. 

Tlz. R — Pvt R 14“ ^w/ ^a 

in which y 

P^ ~ partial pressure of the dry air, 
pw = partial pressure of the water vapor, 

R = observed pressure of the mixture. 

Wa = weight of dry air (mols). 

«w = weight of water vapor (mols). 


(10c) 


Humidity Ratio 

In Equation 10c the ratio by weight of water vapor to dry air, 72w/wa, 
is expressed in mols per mol. Most engineers prefer to express it in 
pounds per pound which can easily be done, since the molecular weights 
of both water vapor (18.0154 lb per mol) and of dry air (28.967 lb per mol) 
are known. Thus Equation 10c becomes 

W= 0.62193 p or ^ = 0.62193 + W 


There is little doubt but that the weight ratio W is the most convenient 
parameter in terms of which to express the composition of moist air; but 
to choose a suitable name and one that would have general acceptance 
has always been a perplexing problem. In previous issues of the Gthde, 
specific humidity was adopted even though it was recognized that the 
adjective specific should properly refer to weight of water vapor per 
pound of mixture, and not per pound of dry air. Various other names 
have been proposed from time to time including: mixing ratio, propor- 
tionate humidity, density ratio, absolute humidity. It is believed Aat 
the name humidity ratio is most suggestive of the meaning which it is 
desired to express, that it violates no well established usage as does the 
name specific humidity and that its adoption will avoid much confusion. 

To repeat: in the case of moist air, the ratio by weight (pounds) of 
water vapor to dry air is called humidity ratio and denoted by the letter W. 


Saturation 

It is often stated that moist air is saturated when the water vapor in it 
is itself in the dry saturated condition at the given temperature. This 
statement would imply that the humidity ratio of saturated moist air is, 
in accordance with Equation 11, 


Ws = 0.62193 p ■ (12) 

R - pB 

where pB is the saturation pressure of pure water vapor. 
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Temp 

Deg 

F 

eoooNco 

<«iQiOtQU3 

1 1 1 1 1 

»CTtlC0(NTH 

MIN 

ooaoot-«o 

us -.*< Tjl ■Tti 

1 1 M 1 

UStWOONiH 

11 1 I 1 

©OSQOb-O 
CO CO CO CO 

Mill 

CO CO CO CO CO 
11 11 1 

ec»oob«co 

fO<NNe<<N 

11 11 1 

g 

<£s 

Lb per 

Sq In. 

49.808 

63.443 

57.127 

61.302 

66.626 

70 242 
76.154 

80 311 
85.911 
91.854 

98.191 

104.63 

111.94 

119.41 

127.47 

135.92 

144.90 

164 58 
164.70 
175.65 

186.80 

199.18 

211.81 

226.66 

239.90 

266.18 

271 34 

288 09 
306.36 

325 08 

344 33 

364 57 
388.64 
413.10 

438 20 

I"" 

In. of Hg 

101.4 

108 8 

116.3 
124.8 

133.4 

oo»o®q 

Tj<W5«Ot»00 

iH r-l 1 -K 

199.9 
213.0 

227.9 

243 1 
259.5 

t^qt>wq 

r»asi-ieoio 

NCICOMCO 

380.3 
405.6 

431.2 

469.2 

488.4 

Oi d «d CO rH 

rHU3 00«CO 
lOkOUScOCO 

701.0 

742.2 

791.2 

841.0 

892 1 

Specific 

Enthalpy 

OF 

Solid 
Water 
Btu per 
Lb 

-186.4 
-185 0 
-184.6 
-184.2 
-183 8 

-183.4 
-182.9 
-182.6 
- 182.1 
-181.7 

-181.3 

-180.9 

-180.4 

-180-0 

-179.6 

-179.2 
-178 7 
-178.3 
-177.9 
-177.4 

-177.0 
-176.6 
-176 1 
-176.7 
-174 8 

-174.4 
-174.0 
-173.5 
-173.1 
-172 6 

-172.2 

-171.7 

-171.3 

-170.9 

-170.4 

< 

Saturated 

Mixture 

As 

- 14.46 
-14.21 
-13 97 
- 13.72 
-13.47 

CQOiTttOiO 

eo (N d d (N 

rH tH iH rH 

! 1 i 1 1 

-12.01 

-11.76 

-11.52 

-11.27 

-11.02 

-10.78 

-10.64 

-10.28 

-10.04 

-9.795 

-9 547 
-9.300 
-9.053 
-8.806 
-8 657 

-8.309 
-8.060 
-7 812 
-7 562 
-7.313 

-7.064 
-6 814 
-6.562 
-6.310 
-6.057 

Enthalpy 
PER Lb Drv 


ooooo 

o'*** 

ooqoo 

cJ * * • * 

liHUSUSUSCO 

ooooq 

o ‘ * * * 

eocoKb-b- 

oqqoo 

d 

0.082 

.088 

.093 

.100 

.106 

eoob»coTi< 

i-HNcaeo-cn 

d * ■ ‘ * 

0.152 

.161 

.172 

.183 

.194 

n 

Q 

-14.48 
-14 23 
-13.99 
-13.76 
-13.60 

-13.28 

-13.02 

-12.78 

-12.53 

-12.29 

-12 05 
-1181 
-1167 
-11.32 
-11.08 

-10.84 

-10.60 

-10.35 

-1011 

-9.872 

-9 629 
-9.388 
-9.146 
-8.906 
-8.663 

-8 422 
-8.180 
-7.939 
-7.698 
-7.457 

-7.216 
-6 975 
-6 734 
-6.493 
-6 251 


Saturated 

Mixture 

Vb 

10.07 

10.09 

10.12 

10.14 

10.17 

odddo 

10.32 

10.34 

10.37 

10.40 

10.42 

dodod 

fH iH fH 

b-OCSiOb- 
US (O O CO CO 

ddodd 

tH iH rH iH 

lOSOIUSt^O 

cob-i>b-co 

ddddd 

?H rH rH *H 

C4USb»O09 

OOOOOOOSO 

ddddd 

t-t rM rH rH rH 

Volume 
>BR Lb Dry 

|T 

00* 

00- 

00* 

00* 

00*0 

00* 

00* 

00* 

00- 

OO’O 

SSS8S 

d * * 

SS8SS 

O 

00* 

00* 

00* 

oo- 

ooo 

§8888 

o 

00* 

00* 

00* 

00* 

00*0 

£ 

S 

Vi 

Q. 

ddddd 

10.19 

10.22 

10.24 

10.27 

10 29 

eoeow-^i# 

odddd 

rH THrH iH iH 

Wb-ONW 

odddd 

iHrH rH iH 

b-ONUSb- 

irsocococo 

ddodd 

iH iH rH rH 

ddddd 

iH ri i-l T-l T-l 

(MUSb.O0i) 

00 00 00 03 a> 

ddddd 

Saturation 
Humidity Ratio 

Wn Weight of Water 
PER Lb of Dry Air 

Grains 

0.14766 

.15834 

.16926 

.18165 

.19411 

0.20811 

.22267 

.23793 

.25452 

.27216 

0.29092 

.30996 

.33166 

.36378 

.37765 

0.40271 

.42931 

.46801 

.48797 

.62045 

0 56349 
.59017 
.62755 
.66836 
.71120 

0,75600 

.80430 

.86400 

.90790 

.96320 

1.0206 

1.0801 

1.1516 

1.2243 

1.2986 

oy 


2 973 

3 181 

3 399 
3.636 
3.888 

4.156 

4.428 

4.738 

5.054 

5.395 

5.763 

6.133 

6.643 

6.971 

7,436 

7.907 

8.431 

8 965 
9.548 

10.16 

10.80 

11.49 

12.20 

12,97 

13.76 

14.58 

16.43 

16.45 

17.49 

18.66 

Temp 

Deg 

F 

oo»oot«o 

oOtOiOUStO 

1 1 1 1 1 

U5rJiP5e»r-t 

kO>OU3tOU3 

Mill 

oosoor<<o 

I i 1 M 

1 1 1 1 1 

®a>oob-co 

'cftcocoeoco 

11 11 I 

USTi<CO(NiH 
COCO CO 00 CO 

1 11 11 

©03 001^0 

Mill 


10 


^Compiled by W. M. Sawdon and extended by John A. Goff. 



Table 6. Thermodynamic Properties of Moist Air®, 29.921 In. Hg (Continued) 


CHAPTER 1. THERMODYNAMICS OF AIR AND WATER MIXTURE 



11 


^Compiled by W. M. Sawdon and extended by John A. Goff. 



Table 6. Thermodynamic Properties of Moist Air^, 29.921 In. Hg (Continued) 


HEATtNC VENTILATING AIR CONDITIONING GUIDE 1944 



12 


M^mpiled by W. M. Sawdon and extended by John A. Gkifif. 



Table 6, Thermodynamic Properties of Moist Air®, 29.921 In. Hg (Continued) 


CHAPTER 1. THERMODYNAMICS OF AIR AND WATER MIXTURE 



13 


^Compiled by W. M. Sawdon and extended by John A. 



Table 6. Thermodynamic Properties op Moist Air^ 29.921 In. Hg (Continued) 


HEATING VENTILATING AIR CONDITIONING GUIDE 1944 



14 


“Compiled by W. Ai. Sawdoo and extended by John A. Goff, 



Table 6. Thermodynamic Properties of Moist Air^, 29.921 In. Hg (Continued) 


CHAPTER 1. THERMODYNAMICS OF AIR AND WATER MIXTURE 



15 


“Compiled by W. M. Sawdon and extended by John A. Goff. 




Table 6. Thermodynamic Properties of Moist Air^, 29.921 In. Hg (Continued) 


HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


Temp 

Deg 

F 

140 

141 

142 

143 

144 

lAOb-OO© 

^ iH iH r-l t-l 

150 

151 

152 

163 

154 

lft©t«C0© 

160 

161 

162 

163 

164 

\ft©b.©© 
© © © © © 
iH iH M r-l »-t 

©iHiM WtH 

I 

^ A 

Lb per 

Sq In. 

2 887 
2.962 
3.039 
3.118 
3.198 

3 280 
' 3 363 

I 3.449 
3.536 

1 3.625 

3.716 

3.809 

3 904 
4.001 
4.100 

4.201 

4.305 

4 410 
4.618 

1 4 627 

©eoo©o 

eou3i>00f-f 

t^oq©ocsj 

''*<0©0Ti< 

CO©OON© 

©©©©© 

OOCOls-© 

©Mt»r-t© 

©iHO!J’'4H>0 

© © d d© 

H 

(5 

In. of Hg 

5 8779 
6.0306 
6.1874 
6.3482 
6.5111 

6 6781 
6.8471 
7.0222 
7.1993 
7.3806 

7.6658 

7.7651 

7 9486 

I 8 1460 
8.3476 

8.5532 

8.7650 

8 9788 
9.1986 
9.4206 

9 6486 

1 9.8807 

1 10 119 

. 10.361 

I 10.608 

10.860 

11 117 

11 379 
11,646 
11919 

12.196 

12 480 

12 770 
13.065 
13.366 

Specific 

Enthalpy 

OF 

Liquid 

Water 

Oi 

r 

107.9 

108.9 

109.9 

110 9 

111.9 

112 9 

113.9 

114.9 

115.9 

116.9 

117.9 

118.9 

119.9 

120.9 

121.9 

© © O)© © 
<NeoTj<©© 

© © © © © 
Isi 06 ©Ot-? 
C4CSIC4COM 
iH *H r-l rH 

© © © © © 
oieOTjiid© 
Mcocoroco 

jH iH i-l H 1-4 

137 9 

138.9 

139 9 

140.9 

141.9 

< 

Saturated 

Mixture 

ha. 

204.30 

210.11 

216.26 

222.63 

229.02 

236 76 
242.71 
260.02 
257.43 
266.20 

273.19 

281.64 

290.21 

299.26 

308.61 

318.34 
328.51 
339.04 
350.02 
361 36 

373 38 
385.76 
398.80 
412.34 
426.42 

441.34 

456.81 

473.11 
490.18 

508.11 

526.91 
646.79 
567 68 
589.76 
613.05 

SO 

2 n 

Wg 


170.69 
176.26 
182.17 
188.20 
194 45 

200.95 

207.66 

214.73 

221.90 

229.43 

237 17 
246.28 
263.71 
262 51 
271.83 

281.12 
291.06 
301,24 
312 08 
323.18 

334.95 
347.09 
359 89 
373.19 
387.03 

401.71 
416.94 
433 00 
449.83 
467.52 

486.08 
505.72 
626 36 
548.20 
671.26 

D 

H 

n 

u 

< ^ 
r 

tHWOCON 
OOOOCOV3 
M W Ttl -tlH 

cocoMcoeo 

34 81 
35.06 

35 29 
35.53 
35.77 

04 coo'll 00 
oo4iat<«c» 
© ©© © © 
coroeoMoo 

(M©OtH00 

wwcocSco 

38.43 

38.67 

38 91 
39.15 

39 39 

©OOtHW© 

©©odd 

40,83 

41.07 

41.32 
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Table 6. Thermodynamic Properties of Moist Air^, 29.921 In. Hg (Concluded) 
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This statement lacks thermodynamic soundness due to actual departures 
from Dalton's Law, but has real practical merit as an approximation. 

Example S, Calculate the humidity ratio of saturated moist air at 68 F, 30 in. Hg. 

Solution. The saturation pressure of pure water at 68 F from Table 6 is 0.68980 
in Hg; hence, 

0.62193 X 0.68980 r . . r t . x 

Ws = 2 9 ^ 02 ” 0.01464 (pound per pound of dry air). 


It is also frequently stated that moist air is saturated when the space 
(volume) occupied by it contains the maximum weight of water vapor at 
the given temperature. This means that any additional water would have 
to be in the liquid or solid phase. But under proper circumstances the 
water vapor can be supersaturated, in which case the space occupied by 
the mixture can contain more than the maximum possible water vapor. 
The statement is therefore meaningless as a definition of saturation. 

A precise definition must necessarily refer to the co-existence of at 
least two distinct phases, say, liquid and vapor. These can only co-exist 
in stable equilibrium if evaporation of the liquid or condensation of the 
vapor under conditions of constant total volume and constant total 
internal energy would have to involve a decrease of total entropy. This 
would be the situation if, and only if, the pressure, the temperature, and 
each component chemical potential has the same value in each phase. 

In the case of moist air, the general conditions for saturation previously 
stated can be deduced from Equation 9 together with available data on 
the solubility of air in the liquid. They can be reduced to the form. 


where 


W. = 0.62193 


P -P. 


. ^ (PF) {DF) 
- {RF) 


(13a) 

(13b) 


The liquid (or solid) phase will contain a small amount of dissolved air 
and tlie Raoult factor {RF) expresses the effect of this dissolved air in 
lowering the vapor pressure in accordance with Raoult's Law, The 
Poynting factor (PP) accounts for the fact that the very presence of 
dry air requires the liquid (or solid) to support a higher pressure at 
saturation than it would if no dry air were present. The Dalton factor 
{DF) expresses the effect of intermolecular forces in the vapor phase. 
All three factors depend more or less on pressure as well as on temperature. 

The Raoult and Poynting factors are calculable. The order of magni- 
tude of the Dalton factor can now be deternlined by computing its value 
at one temperature and pressure using the information previously 
referred to, namely, 2.4aw = 0.075 (.daa + -dw)- At 68 F, 29.921 in. 
Hg, for example, 

1 _ 1.00073 X 1.0052 
“ 1.00002 


This indicates departures from Dalton’s Law of the order of 0.5 per cent. 
The data in Table 6 which are based on an assumed value of unity for the 
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Dalton factor have not been revised pending final results on the measure- 
ment of the interaction constant [10]. 

Relative Humidity 

The ratio of actual humidity ratio W to the saturation humidity ratio 
Ws corresponding to the actual temperature and the observed pressure is 
denoted by the symbol (jl and may be called alternatively degree of satura- 
tion or per cent saturation; thus, 

W « [lWs (14) 

Example 4> Air is to be maintained at 70 F, 40 per cent saturation when outside air 
is at 0 F, 70 per cent. The observed pressure may be taken to be 29.921 in. Hg. Find 
the weight of water to be added to each pound of dry air using Table 6. 

Solution, The desired humidity ratio is 0.40 X 0.01574 = 0.006296 while that of 
outside air is 0.70 X 0.0007852 = 0.000550. Hence the weight of water to be added is 
0.006296 — 0.000550 ~ 0.005746 lb per pound dry air. 


Under Dalton's Law the water vapor exerts a partial pressure pvt which 
may be calculated from the given humidity ratio W and the observed 
pressure P by means of Equation 11. The ratio of this partial pressure 
pvt to the saturation pressure of pure water p^ corresponding to the actual 
temperature is called relative humidity and may be denoted by the symbol 
$ ; thus, 


^ = 


Pvt 

Ps 


(15) 


The relation between (jl and $ is obtained directly from Equations 11 and 
12 and is 



(15a) 


whence it is clear that for ordinary temperatures where ps and therefore 
pvt are small compared with P, the two are approximately equal. 

As an aid in quickly translating degree of saturation {jl into relative 
humidity the following empirical equation may be substituted for 
Equation 15a: 

$ = yL-fCyi.(l-n) (15b) 


where C depends upon temperature for standard atmospheric pressure, as 
shown by the values in Table 7. 

Within the limits of accuracy of (16b) this may also be written 

{I (15c) 

and used to translate relative humidity into degree of saturation p. 


Table 7. Values of the Constant C in Equations 15b and 15c 


Temp f 
t 

Per Cent 

C 

1 

Temp f 
t 

Per Cent 

C 

Temp f 
t 

Per Cent 

C 

Temp f 
( 

1 

Per Cent 
C 

5 

0.16 

30 

0.55 

55 

1.47 

80 

3.51 

10 

0.21 

35 

0.68 

60 

1.76 

85 

4.14 

15 

0.27 

40 

0.83 

65 

2.10 

90 

4.86 

20 

0.34 

45 

1.01 

70 

2.50 

95 

5.70 

25 

0.44 

50 

1.22 

75 

2.97 

100 

6.67 
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For example, corresponding to 40 per cent saturation at 100 F, the 
relative humidity is 0.40 + 0.0667 X 0.40 X 0.60 = 0.416 or 41.6 per 
cent (15b). Conversely, corresponding to a relative humidity of 41.6 
per cent, the degree of saturation is 0.416 — 0.0667 X 0.416 X 0.584 = 
0.400 or 40 per cent (15c). 

Dew-Point 

If moist air is cooled at constant humidity ratio W and constant ob- 
served pressure F, a temperature will be reached at which the air just 
becomes saturated and formation of a liquid (or solid) phase just com- 
mences. This temperature is called the dew-point corresponding to the 
given humidity ratio and observed pressure. 

Example S. Find the dew-point of the humidified air of Example 4. 

Solution, The given humidity ratio is 0.006296 which is the saturation value at 44.96 
F (Table 6, assuming the total pressure to be 29.921 in. Hg). This is therefore the dew- 
point of the humidified air. 

Example 6, Find the degree of saturation of air having a temperature of 90 F, a 
dew-point of 60 F. 

Solution, Assuming the total pressure to be 29.921 in. Hg, the humidity ratio is given 
in Table 6 as 0.01103 lb per pound dry air. The saturation humidity ratio at 90 F is 
0.03102 lb per pound dry air; hence the degree of saturation is 0.01103 -r- 0.03102 = 
0.355 or 35.5 per cent. 


Volume 

The volume of moist air per pound of dry air contained in it is a very 
useful quantity. It should not be called specific volume; for the adjective 
specific should properly refer to volume per pound of mixture. Using 
Equations 10a and 14 an expression for the volume per pound of dry air 
is obtained, namely, 


Bar 

P 


Solution. 




29.92 X 0.49115 X 144 


+ (. ( 

U 

;) 


WsB^T^ 


(16) 


Eocample 7. Find the volume (per pound of dry air) of the humidified air of Example 4. 
53.35 X 529.7 


-1-0.40 


/ O.Ol 
V 29.! 


.01674 X 85.78 X 529.7N 
92 X 0.49115 X 144 ) 


= 13.354 + 0.40 X 0.338 = 13.489 cu ft per pound dry air. 

Equation 16 is linear in degree of saturation p. and of the form 

V = + VI* ^'as 


(17) 


where denotes specific volume of dry air at temperature T and pressure 
'F\ and denotes the difference between this and the volume of the 
saturated mixture per pound of dry air Strict linearity is, of course, 
a result of the use of Dalton's Law; but it is expected that it can be 
retained as a very close approximation even when the abandonment of 
Dalton's Law becomes possible. 

Example 8, Work Example 7 using Table 6. 

Solution. V ~ 13.34 -f (0.40 X 0.34) — 13.48 cu ft per pound dry air. 

By putting p. == 1 (100 per cent saturation) in Equation 16 an expression 
for the volume of saturated air per pound of dry air, is obtained. Values 
for standard atmospheric pressure (29.921 in. Hg) are listed in Table 6. 
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Often it is preferred to express this information in terms of density, that 
is, weight of saturated air per unit volume. This can easily be done by 
dividing (volume of saturated air per pound of dry air) into (1 + 
{weight of saturated air per pound of dry air). Thus, at 100 F, 29.921 in. 
Hg, the density of saturated air is, from Table 6, 1.04293 15.07 = 

0.06921 lb per cubic foot. 

Values in Table 9 are intended to aid in determining the density of 
saturated air at different pressures. Values for temperatures and pres- 
sures other than those listed can be obtained by linear interpolation 
which is aided by the next to last column of figures. Thus, at 100 F, 
29.921 in, Hg, the density of saturated air is, from Table 9, 0.06818 + 
(4.21 X 0.00024) = 0.06919 lb per cubic foot, in approximate agreement 
with Table 6. 

A column of figures is included in Table 9 giving the approximate 
average increase in density per degree wet-bulb depression. This makes 
it easy to calculate a value for the density of moist air taking into account 
its moisture content as well as its temperature and pressure. 

Volume Chart 

A volume chart drawn for a total pressure of 29.921 in. Hg will be 
found in the envelope attached to the inside back cover of this book. On 
this chart values of volume per pound of dry air v are plotted as abscissa 
against values of humidity ratio W as ordinate. The chart is self- 
explanatory. 

Enthalpy 

Thermodynamically, Equation 10a implies that the specific enthalpies 
of dry air and water vapor are independent of pressure and that the 
enthalpy of moist air (per pound of dry air) is the sum of separate con- 
tributions from the dry air and water vapor according to the simple 
equation 

^ (l^s^w) (18) 

Equation 18 is also linear in degree of saturation [x and of the form 

^ ^tas (19) 

where fea denotes the specific enthalpy of dp^ air at the given temperature 
and total pressure; and hzs denotes the difference between this and the 
enthalpy of the saturated mixture per pound of dry air As- Provisional 
values are listed in Table 6. 

Emmple 9. Find the enthalpy (per pound of dry air) of air at 96 F, 60 per cent 
saturation and 29.921 in. Hg. 

Solution^ Using Table 6, A - 23.04 + (0.60 X 41.68) « 47.99 Btu per pound dry air. 

Thermodynamic Wet-bulb Temperature 

If liquid (or solid) water be injected into an air stream it will evaporate 
and thus increase the humidity ratio of the air. Enough water may be 
injected to saturate the air. If the process is one of steady flow with 
observed pressure constant] if it is adiabatic] and if the temperature at 
which the air reaches saturation coincides with the temperature of the 
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liquid (or solid) as added; then the common temperature is called thermo- 
dynamic wet-bulb temperature. This lengthy definition is easily visualized 
by referring to Fig. 1 in which few denotes the specific enthalpy of the 
liquid (or solid) as injected. 

The process being adiabatic, weight and energy accountings give 

hi + (Wa - Wi) hi = hs (20) 

If the temperature of the saturated air at the leaving section coincides 
with that of the injected liquid (or solid), then Wg, hi and h are functions 
of a single temperature which can therefore be determined by solving 
(20). This is the thermodynamic wet-bulb temperature corresponding 
to conditions at the entering section. 

Example 10. Find the thermodynamic wet-bulb temperature of dry air at 80 F and 
29.921 in. Hg. 

Solution. Using Table 6, the equation to be solved is 19.19 + (T^a — 0) — h^. 

A trial value is obtained by ignoring the small quantity (PTs “ 0) it is 48 F corres- 
sponding to hs *= 19.19 Btu per pound dry air. A final value of 48.26 F is then obtained 
from hs = 19.19 -j- (0.007072 X 16.1) = 19.30 Btu per pound dry air. 


zzziz 


1 b dry air 

Wi lb water vapor <■ 

hj Btu 




(Ws-Wi) lb liquid (or solid) water at t> 
(Ws-Wi)hlBtu 

/ VA 




1 lb dry air ^,.1 

W» ^Ib water vapor 




Insulated walls'^ 

Fig 1. Diagram Illustrating Thermodynamic Wet-Bulb Temperature 


Example 11. Find the degree of saturation of moist air at 90 F dry-bulb, 70 F wet- 
bulb and 29.921 in. Hg, 

Solution. Using Table 6, the equation to be solved is (21.59 + 34.11 ^jl) + (0.01574 
— 0.03102tJL) X 38.0 = 33.96 from which 

IJL = 11.77 32,93 = 0.357 or 35.7 per cent. 

It is important to note in connection with Equation 20 that the enthalpy 
per pound dry air is not constant along a line of constant thermodynamic 
wet-bulb temperature on account of the term (TFg — TFi) hi. In rough 
cdculations, however, it is usually legitimate to ignore this term. 

Thermodynamic wet-bulb is an important property of moist air 
because it is approximately the temperature indicated by the wet-bulb 
psychrometer. This instrument consists of a thermometer with its bulb 
covered with gauze moistened with clean liquid water. It is whirled 
through the air until the thermometer reads a steady temperature. At 
this point, the temperature of the liquid evaporating from the wetted 
surface has adjusted itself so that the air immediately in contact with 
the liquid is brought to saturation at the same temperature. Unfortu- 
nately, the mixing taking place beyond the liquid surface is not adiabatic; 
for one reason because the wet-bulb sees objects at dry-bulb temperature 
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and considerable heat is transferred by radiation. Also there are other 
reasons^ why the readings of the psychrometer depend upon the design 
of the instrument, the velocity of the air stream in which it is placed, 
and other factors. Therefore wet-bulb temperature as indicated by the 
psychrometer cannot be regarded as a thermodynamic property; in fact, 
the approximate agreement with thermodynamic wet-bulb temperature 
in the case of moist air has been shown to be largely fortuitous [4], 

Mollier Diagram 

A thermodynamic analysis of any air conditioning process consists in 
writing: (1) a weight balance for die dry air; (2) a weight balance for 
the water; (3) an energy balance. The first is reduced to its simplest 
form by basing all quantities on one pound of dry air. The second is the 
most simply expressed in terms of humidity ratio, or weight of water per 
pound of dry air. Since most air conditioning processes are of the steady 
flow type in which the thermal energy convected with the fluid is its 
enthalpy, the third is most simply expressed in terms of enthalpy per 
pound of dry air. It is clear, therefore, that humidity ratio W and en- 
thalpy per pound of dry air h are fundamental coordinates. Their use 
for the purpose of graphical representation is due to Mollier [3]. A 
convenient modification of the Mollier diagram devised by Goff is 
obtained by taking humidity ratio W as ordinate and reduced enthalpy 
Qi — lOOOPPO as abscissa, as shown in the chart enclosed in the envelope 
attached to the inside back cover of this book. 

The reasons for the use of the difference {h — lOOOW) as abscissa 
instead of h itself in the Mollier Diagram for Moist Air are the following: 
(1) it amounts to plotting on oblique coordinates and thus reduces to con- 
venient proportions a diagram which would otherwise take the form' of a 
scroll; (2) by the choice of the factor 1000 the necessary multiplication 
reduces to shifting the decimal point; (3) the ease with which the ordinate 
W can be multiplied by 1000 and added to the abscissa to obtain the 
enthalpy h makes it unnecessary to complicate the chart by a family of 
isenthdpic lines. 

In the Mollier diagram, the lines inclined upward and slightly to. the 
right are lines of constant (dry-bulb) temperature. They are straight 
under Dalton’s Law but actually have slight curvature. The lines in- 
clined upward to the left are lines of constant thermodynamic wet-bulb 
and are straight by definition. The dry-bulb and wet-bulb lines^ meet at 
the saturation curve and coincide in the region to the left of this curve. 
This region is divided into three sub-regions by the narrow with apex 
at the junction of the 32 F wet-bulb and dry-bulb lines. Above the wedge, 
the mixture consists of two distinct phases, saturated vapor and saturated 
liquid. At point A, for example, the temperature is 60 F and the vapor 
phase contains 0.01103 lb of water vapor per pound of dry air from 
Table 6. From the Mollier diagram, W = 0.016 lb, leaving 0.00497 lb per 
pound dry air in the liquid phase. The total enthalpy of the mixture is 
10.51 + (1000 X 0.016) = 26.51 Btu per pound dry air of which 15.34 + 
(1000 X 0.01103) = 26.37 Btu per pound dry air is contributed by the 
vapor phase. 

Within the wedge, the mixture consists of three distinct phases, satu- 
rated vapor, saturated solid and saturated liquid. The temperature is 
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Table 8. Properties of Saturated Steam: Pressure Table^ 


Abs. 


Specific Volume | 

Enihalpy 


Entropy 

Abs 

Press. 
In. Hg 

P 

Temp 

F 

t 

Sat 

Liquid 

Vf 

Sat. 

Vapor 

Sat. 

Liquid 

hf 

Evap. 

hfg 

Sat 

Vapor 

Sat. 

Liquid 

Evap. 

Sfg 

Sat. 

Vapor 

Press. 
In Hg 
P 

0.25 

40 23 

0.01602 

2423.7 

8 28 

1071.1 

1079 4 

0.0166 

2.1423 

2.1589 

0.25 

0,50 

58 80 

0 01604 

1256.4 

26 86 

1060.6 

1087 5 

0.0532 

2 0453 

2 0986 

0.50 

0.75 

70.43 

0.01606 

856.1 

38.47 

1054.0 

1092.5 

0.0754 

1.9881 

2.0635 

0.75 

1.00 

79.03 

0.01608 

652.3 

47.05 

1049.2 

1096 3 

0.0914 

1.9473 

2 0387 

1.00 

1.5 

91 72 

0,01611 

444 9 

59.71 

1042 0 

1101.7 

0.1147 

1.8894 

2 0041 

1.5 

2 

101.14 

0.01614 

339.2 

69.10 

1036.6 

1105.7 

0.1316 

18481 

1.9797 

2 

4 

125.43 

0.01622 

176.7 

93.34 

1022.7 

1116.0 

0.1738 

1.7476 

19214 

4 

6 

140.78 

0.01630 

120.72 

108.67 

1013.6 

1122.3 

01996 

16881 

1.8877 

6 

8 

152.24 

0.01635 

92.16 

120.13 

1006.9 

1127.0 

0 2186 

1.6454 

1,8640 

8 

10 

161.49 

0.01640 

74.76 

129 38 

1001.4 

1130 8 

0.2335 

1.6121 

1.8456 

10 

12 

169.28 

0.01644 

63.03 

137.18 

996.7 

1133 9 

0.2460 

1.5847 

18307 

12 

14 

176.05 

0.01648 

i 54 55 

143.96 

992.6 

1136.6 

0.2568 

1.5613 

1.8181 

14 

16 

182.05 

0.01652 

48.14 

149.98 

988 9 

1138.9 

0.2662 

1.5410 

18072 

16 

18 

187.45 

0 01655 

43.11 

155 39 

985.7 

1141 1 

0 2746 

1.5231 

1.7977 

18 

20 

192.37 

0.01658 

39.07 

160.33 

982.7 

1143.0 

0.2822 

1.5069 

1.7891 

20 

22 

196.90 

0 01661 

35.73 

164.87 

979 8 

1144 7 

0.2891 

14923 

1 7814 

22 

24 

201.09 

0.01664 

32.94 

169.09 

977.2 

1146.3 

0.2955 

1.4789 

1.7744 

24 

26 

205.00 

0.01667 

30.56 

173.02 

974.8 

1147.8 

0.3014 

1.4665 

1.7679 

26 

28 

208.67 

0.01669 

28.52 

176.72 

972 5 

1149.2 

0.3069 

1.4550 

1.7619 

28 

30 

212.13 1 

0 01672 

26.74 

180.19 

970.3 

1150.5 

0.3122 

1.4442 

1.7564 

30 

Lb/Sq In. 
14.696 

212,00 

0.01672 

26 80 

180.07 

970.3 

1150 4 

0.3120 

1.4446 

1.7.566 

Lb/Sq In. 

14.696 

16 

216 32 

0.01674 

24 75 

184.42 

967 6 

1152.0 

0.3184 

1.4313 

1.7497 

16 

18 

222.41 

0.01679 

22.17 

190.56 

963.6 

1154.2 

0.3275 

1.4128 

1.7403 

18 

20 

227.96 

0 01683 

20.089 

196 16 

960.1 

1156 3 

0.3356 

1.3962 

1.7319 

20 

22 

233.07 

0.01687 

18 375 

201.33 

956.8 

1158.1 

0.3431 

1.3811 

1.7242 

22 

24 

237.82 

0.01691 

16.938 

206.14 

953.7 

1159.8 

0.3500 

1.3672 

1.7172 

24 

26 

242.25 

0.01694 

15.715 

210.62 

950.7 

1161.3 

0.3564 

1.8544 

1.7108 

26 

28 

246.41 

0.01698 

14.663 

214.83 

947.9 

1162.7 

0.3623 

1.3425 

1.7048 

28 

30 

250.33 

0.01701 

13.746 

218.82 

945.8 

1164.1 

0.3680 

1.3313 

1.6993 

30 

32 

254.05 

0.01704 

12 940 

222.59 

942.8 

1165 4 

0.3733 

1.3209 

1.6941 

32 

34 

257.58 

0.01707 

12.226 

226.18 

940.3 

1166.5 

0.3783 

1.3110 

1.6893 

34 

36 

260.95 

0,01709 

11.588 

229 60 

938.0 

1167.6 

0.3831 

1.3017 

1.6848 

36 


264.16 

0 01712 

11 015 

232 89 

935.8 

1168.7 

0.3876 

1.2929 

1.6805 

38 

40 

267.25 

0.01715 

10.498 

236.03 

933.7 

1169.7 

0.3919 

1.2844 

1.6763 

40 

42 

270.21 

0 01717 

10 029 

239.04 

931.6 

1170.7 

0 3960 

1.2764 

1.6724 

42 

44 

273.05 

0.01720 

9.601 

241.95 

929.6 

1171.6 

0.4000 

1.2687 

1.6687 

44 

46 

275.80 

0.01722 

9.209 

244.75 

927.7 

1172.4 

0.4038 

1.2613 

1.6652 

46 

48 

278.45 

0.01725 

8 848 

247.47 

925.8 

1173.3 

0.4075 

1.2542 

1.6617 

48 

50 

281.01 

0 01727 

8.515 

250.09 

924.0 

1174.1 

0.4110 

1.2474 

1 6585 

50 

52 

283.49 

0.01729 

8.208 

252.63 

922.2 

1174.8 

0.4144 

1.2409 

1.6553 

52 

54 

285.90 

0.01731 

7.922 

255.09 

920.5 

1175.8 

0.4177 

1.2346 

1.6523 

54 

56 

288.28 

0.01733 

7.656 

257.50 

918.8 

1176.3 

0.4209 

1.2285 

1.6494 

56 

58 

290.50 

0.01736 

7.407 

259.82 

917.1 

1176.9 

0.4240 

1.2226 

1.6466 

58 

60 

292.71 

0 01738 

7175 

262.09 

915 5 

1177.6 

0 4270 

1.2168 

1 6438 

60 

62 

294.85 

0.01740 

6.957 

264.30 

913.9 

1178.2 

0.4300 

1.2112 

1.6412 

62 

64 

296.94 

0,01742 

6.752 

266.45 

912.3 

1178.8 

0.4328 

1.2059 

1.6387 

64 

66 

298.99 

0.01744 

6.560 

268.55 

910.8 

1179.4 

0.4356 

1.2006 

1.6363 

66 

68 

300 98 

0.01746 

6.378 

270.60 

909.4 

1180.0 

0.4383 

1.1955 

1.6338 

68 

76 

802.92 

0.01748 

6.206 

272.61 

907.9 

1180.6 

0.4409 

1.1906 

1.6315 

! 70 

72 

304.83 

0 01750 

6.044 

274.57 

906.5 

11811 

0.4435 

1.1857 

1.6292 

72 

74 

306.68 

0.01752 

5.890 

276.49 

905.1 

1181.6 

0.4460 

1.1810 

1.6270 

74 

76 

308.50 

0.01764 

5.743 

278.37 

903.7 

1182.1 

0.4484 

1.1764 

1,6248 

76 

78 

310.29 

0.01755 

5.604 

280.21 

902.4 

1182.6 

0.4508 

1.1720 

1.6228 

78 

80 

312.03 

0.01757 

5.472 

282.02 

901.1 

11831 

0.4531 

1 1.1676 

1.6207 

80 

82 

313.74 

0 01759 

5 346 

283.79 

899 7 

1183.5 

0.4554 

! 1.1833 

1.6187 

82 

84 

315.42 

0.01761 

5.226 

285.53 

898 5 

1184.0 

0.4576 

1.1.592 

1,6168 

84 

86 

317.07 

0 01762 

5.111 

287.24 

897.2 

1184.4 

0.4598 

1.1551 

1.6149 

86 

88 

318.68 

0.01764 

5,001 

288.91 

895.9 

1184.8 

0.4620 

1.1610 

1.6130 

88 

90 

320.27 

0 01766 

4.896 

290 56 

^ 894.7 

1185.3 

0.4641 

1.1471 

1 6112 

90 

92 

321.83 

0.01768 

4.796 

292.18 

893.5 

1185.7 

0.4661 

1.1433 

1,6094 

92 

94 

323.36 

0 01769 

4.699 

293 78 

892.3 

11861 

0.4682 

1,1394 

1.6076 

94 

96 

824 87 

0.01771 

4.606 

295.34 

891.1 

1186.4 

0.4702 

1.1358 

1.6060 

96 

98 

326.35 

0.01772 

4,517 

296.89 

889 9 

1186.R 

0.4721 

1.1322 

1.60t3 

98 

100 

327.81 

0.01774 

4.432 

298.40 

888.8 

1187.2 

0.4740 

1.1286 

1.6026 

100 

150 

358.42 

0.01809 

3.015 

330.51 

863.6 

1194,1 

0.5138 

0.0656 

1.5694 

150 

200 

381.79 

0 01839 

2.288 

355 36 

843 0 

1198 4 

0.5435 

1.0018 

1.5453 

200 

300 

417.33 

0.01890 

1.6433 

393 84 

809.0 

1202.8 

0.5879 

0.9226 

1.5104 

300 

400 

444 59 

0.0193 

1.1613 

424.0 

780.5 

1204.5 

0.6214 

0.8630 

1.4844 

400 

500 

467.01 

0.0197 

0.9278 

449.4 

755.0 

1204.4 

0.6487 

0.8147 

1.4634 

500 


^Reprinted by permission from Thermodynamic Properties of Steam, by J. H. Keenan and F. G. Keyes* 
published by John Wiley and Sons, Inc., 1936 edition. 
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CHAPTER 1. THERMODYNAMICS OF AIR AND WATER MIXTURE 


Table 8. Properties of Saturated Steam: Temperature Tabled 


Temp 

F 

t 

Abs. Pressure | 

SpEcrFic Volume | 

Enthalpy | 

Entropy | 

Temp 

F 

t 

Lb per 
Sq In. 

P 

In. Hg 

P 

Sat. 

Liquid 

V ( 

Evap. 

Sat. 

Vapor 

Sat. 

Liquid 

hf 

Evap. 

hfg 

Sat. 

Vapor 

Sat 

Liquid 

5f 

Evap. 

Sat. 

Vapor 

•5g 

32 

0.08854 

0.1803 

0.01602 

3306 

3306 

0.00 

1075.8 

1075.8 

0 0000 

2.1877 

2.1877 

32 

33 

0.09223 

0.1878 

0.01602 

3180 

3180 

1.01 

1075.2 

1076.2 

0.0020 

2.1821 

2.1841 

33 

34 

0.09603 

0.1956 

0.01602 

3061 

3061 

2 02 

1074.7 

1076 7 

0.0041 

2.1764 

2.1805 

34 

35 

0 09995 

0.2035 

0.01602 

2947 

2947 

3 02 

10741 

1077.1 

0 0061 

2.1709 

2.1770 

35 

36 

0.10401 

0.2118 

0.01602 

2837 

2837 

4 03 

1073.6 

1077.6 

0.0081 

2.1654 

2.1735 

36 

37 

0.10821 

0.2203 

0.01602 

2732 

2732 

5.04 

1073.0 

1078.0 

0.0102 

2.1598 

2.1700 

37 

38 

0.11256 

0.2292 

0 01602 

2632 

2632 

6.04 

1072.4 

1078.4 

0.0122 

2.1544 

2.1666 

38 

39 

0.11705 

0.2383 

0.01602 

2536 

2536 

7.04 

1071.9 

1078.9 

0.0142 

2.1489 

2.1631 

39 

40 

0.12170 

0.2478 

0,01602 

2444 

2444 

8 05 

1071.3 

1079.3 

0.0162 

2.1435 

2.1697 

40 

41 

0.12652 

0.2576 

0.01602 

2356 

2356 

9.05 

1070.7 

1079.7 

0.0182 

2.1381 

2.1563 

41 

42 

0.13150 

0.2677 

0.01602 

2271 

2271 

10.05 

1070 1 

1080.2 

0.0202 

2.1327 

2.1529 

42 

43 

0.13665 

0.2782 

0.01602 

2190 

2190 

11.06 

1069.6 

1080.6 

0.0222 

2.1274 

2.1496 

43 

44 

0.14199 

0.2891 

0 01602 

2112 

2112 

12 06 

1068 9 

1081 0 

0.0242 

2.1220 

2.1462 

44 

45 

0.14762 

0.3004 

0.01602 

2036.4 

2036.4 

13.06 

1068.4 

1081.5 

0.0262 

2.1167 

2.1429 

45 

46 

0.16323 

0.3120 

0 01602 

1964.3 

1964.3 

14 06 

1067.8 

1081.9 

0.0282 

2.1113 

2.1395 

46 

47 

0.16914 

0.3240 

0.01603 

18951 

1895 1 

16 07 

1067 3 

1082 4 

0.0302 

2.1060 

2.1362 

47 

48 

0.16626 

0.3364 

0.01603 

1828.6 

1828.6 

16.07 

1066.7 

1082.8 

0.0321 

2.1008 

2.1329 

48 

49 

0.17167 

0.3493 

0.01603 

1764 7 

1764.7 

17.07 

1066.1 

1083.2 

0.0341 

2.0956 

2.1297 

49 

50 

0,17811 

0.3626 

0.01603 

1703 2 

1703.2 

18.07 

1065.6 

1083.7 

0.0361 

2.0903 

2 1264 

50 

51 

0.18486 

0.3764 

0.01603 

1644 2 

1644.2 

19 07 

1065.0 

1084 1 

0 0380 

2.0852 

2.1232 

51 

52 

0.19182 

0.3906 

0.01603 

1587.6 

1587.6 

20.07 

1064.4 

1084.5 

0.0400 

2.0799 

21199 

62 

53 

0.19900 

0.4052 

0.01603 

1633.3 

1533.3 

21.07 

1063.9 

1085.0 

0.0420 

2.0747 

2.1167 

53 

54 

0.20642 

0.4203 

0.01603 

1481.0 

1481.0 

22.07 

1063.3 

1085 4 

0 0439 

2.0697 

2,1136 

54 

55 

0.2141 

0.4359 

0.01603 

1430.7 

1430.7 

23.07 

1062.7 

1085.8 

0.0469 

2.0646 

2.1104 

55 

56 

0.2220 

0.4620 

0.01603 

1382.4 

1382.4 

24.06 

1062.2 

1086.3 

0.0478 

2.0594 

2 1072 

56 

57 

0.2302 

0.4686 

0.01603 

1335.9 

1335.9 

25.06 

1061.6 

1086.7 

2.0497 

2.0544 

2.1041 

57 

58 

0.2386 

0.4868 

0.01604 

1291.1 

1291.1 

26.06 

1061.0 

1087.1 

0.0517 

2.0493 

2 1010 

58 

59 

0.2473 

0.5035 

0.01604 

1248.1 

1248.1 

27.06 

1060.5 

1087.6 

0.0536 

2.0443 

2 0979 

59 

60 

0.2663 

0.6218 

0.01604 

1206 6 

1206.7 

28 06 

1059 9 

1088.0 

0.0555 

2.0393 

2.0948 

60 

61 

0.2655 

0.6407 

0.01604 

1166,8 

1166-8 

29 06 

1069.3 

1088.4 

0.0574 

2.0343 

2.0917 

61 

62 

0 2751 

0.5601 

0.01604 

1128.4 

1128.4 

30.05 

1068.8 

1088.9 

0.0593 

2.0293 

2.0886 

62 

63 

0.2850 

0,5802 

0.01604 

10914 

1091.4 

31.06 

1058 2 

1089.3 

0.0613 

2.0243 

2 0856 

63 

64 

0.2951 

0.6009 

0.01605 

1055.7 

1056.7 

32.06 

1057.6 

1089.7 

0.0632 

2.0194 

2.0826 

64 

65 

0.3056 

0.6222 

0.01605 

10214 

1021 4 

33 06 

1057.1 

1090.2 

0.0651 

2.0145 

2.0796 

65 

66 

0.3164 

0.6442 

0 01606 

988.4 

988.4 

34,05 

1066.5 

1090.6 

0.0670 

2.0096 

2.0766 

66 

67 

0.3276 

0,6669 

0.01606 

956.6 

956.6 

35.05 

1056.0 

1091.0 

0.0689 

2.0047 

2.0736 

67 

68 

0.3390 

0.6903 

0.01606 

925.9 

926 9 

36.04 

1055.5 

1091-5 

0.0708 

1.9998 

2.0706 

68 

69 

0.3609 

0.7144 

0.01605 

896.3 

896.3 

37.04 

1064.9 

1091.9 

0.0726 

1.9950 

2 0676 

69 

70 

0.3631 

0.7392 

0 01606 

867.8 

867.9 

38.04 

1064.3 

1092.3 

0 0745 

1.9902 

2.0647 

70 

71 

0.3766 

0.7648 

0.01606 

840.4 

840.4 

39.04 

1063.8 

1092.8 

0.0764 

1.9854 

2.0618 

71 

72 

0.3886 

0.7912 

0.01606 

813.9 

813.9 

40.04 

1063.2 

1093.2 

0.0783 

1.9805 

2.0588 

72 

73 

0.4019 

0.8183 

0.01606 

788.3 

788,4 

41.03 

1052.6 

1093.6 

0.0802 

1.9757 

2,0559 

73 

74 

0.4156 

0.8462 

0.01606 

763.7 

763.8 

42.03 

1062.1- 

1094.1 

0.0820 

1.9710 

2.0530 

74 

75 

0.4298 

0.8760 

0.016071 

740.0 

740.0 

43.03 

1061.5 

1094.5 

0.0839 

1.9663 

2.0602 

75 

76 

0.4443 

0.9046 

0.01607 

717.1 

717.1 

44.03 

1050.9 

1094.9 

0.0858 

1.9615 

2.0473 

76 

77 

0.4593 

0.9352 

0.01607 

694 9 

694.9 

45 02 

1060.4 

1096.4 

0.0876 

1.9669 

2.0445 

77 

78 

0.4747 

0.9666 

0.01607 

673 6 

673.6 

46.02 

1049.8 

1096.8 

0.0895 

1.9521 

2 0416 

78 

79 

0.4906 

0.9989 

0.01608 

663.0 

663.0 

47.02 

1049.2 

1096.2 

0.0913 

1.9475 

2.0388 

79 

80 

0.6069 

1.0321 

0.01608 

633.1 

633.1 

48.02 

1048.6 

1096.6 

0.0932 

1.9428 

2.0360 

80 

81 

0.6237 

1.0664 

0 01608 

613.9 

613.9 

49.02 

1048.1 

1097.1 

0.0960 

1.9382 

2.0332 

81 

82 

0.5410 

1.1016 

0 01608 

596.3 

696.3 

60.01 

1047.5 

1097.6 

0.0969 

1.9335 

2.0304 

82 

83 

0.6688 

1.1378 

0.01609 

677.4 

677,4 

61.01 

1046.9 

1097.9 

0.0987 

1.9290 

2.0277 

83 

84 

0.6771 

1.1760 

0.01609 

660.1 

560.2 

52.01 

1046.4 

1098.4 

0.1006 

1.9244 

2.0249 

84 

85 

0.6969 

1,2133 

0.01609 

543.4 

543.6 

63.00 

1045.8 

1098.8 

0.1024 

1.9198 

2.0222 

85 

86 

0.6162 

1.2627 

0.01609 

627.3 

627.3 

64.00 

1045.2 

1099.2 

0.1042 

1.9163 

2.0195 

86 

87 

0.6361 

1.2931 

0.01610 

611.7 

611.7 

66.00 

1044.7 

1099.7 

0.1060 

1.9108 

2 0168 

87 

88 

0.6566 

1.3347 

0.01610 

496.6 

496.7 

66.00 

1044.1 

1100.1 

0.1079 

1.9062 

2.0141 

88 

89 

0.6766 

1.3776 

0.01010 

482.1 

482.1 

56.99 

1043.5 

1100.5 

0.1097 

1.9017 

2.0114 

89 

90 

0.6982 

1.4215 

0.01610 

468.0 

468.0 

67.99 

1042.9 

1100.9 

0.1116 

1.8972 

2.0087 

90 

91 

0.7204 

1.4667 

0.01611 

464.4 

464.4 

68.99 

1042.4 

11014 

0.1133 

1.8927 

2 0060 

91 

92 

0.7432 

1.6131 

0.01611 

441.2 

441.8 

69.99 

1041.8 

1101.8 

0.1151 

1.8883 

2.0034 

92 

93 

0.7666 

1.5608 

0.01611 

428.6 

428.6 

60.98 

1041.2 

1102.2 

0.1169 

1.8838 

2.0007 

93 

94 

0.7906 

1.6097 

0.01612 

416.2 

416.2 

61.98 

1040.7 

1102.6 

0.1187 

1.8794 

19981 

94 

95 

0.8153 

1.6600 

0.01612 

404.3 

404.3 

62.98 

1040.1 

1103.1 

0,1205 

1.8760 

1.9956 

95 

96 

0,8407 

1.7117 

0,01612 

392.8 

392.8 

63.98 

1039.5 

1103.5 

01223 

1.8706 

1.9929 

96 

97 

0.8668 

1,7647 

0,01612 

881.7 

381.7 

64.97 

1038.9 

1103.9 

0.1241 

1.8662 

1.9903 

97 

98 

0.8935 

1.8192 

0 01613 

370.9 

370.9 

66.97 

1038.4 

1104.4 

01259 

1.8618 

19877 

98 

99 

0.9210 

1.8751 

0.01613 

360.4 

360.5 

66.97 

1037.8 

1104.8 

0.1277 

1.8576 

1.9862 

99 

100 

0.9492 

1.9326 

0.01613 

350.3 

350.4 

67.97 

1037.2 

1105.2 

0.1295 

1,8631 

1.9826 

100 

101 

0.9781 

1.9916 

0.01614 

340.6 

340.6 

68.96 

1036.6 

1105.6 

0.1313 

1.8488 

1.9801 

101 


a Reprinted by permission from Thermodynavttc Properties of Steam, by J. H. Keenan and F. G. Keyes, 
publish^ by John Wiley and ^ns, Inc,, 1936 edition. 
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Table 9. Weight of Saturated and Partly Saturated Air^ 


Dey-Bxjlb • 
Temp 

Deo F 

Weight op Saturated Air for Various Barometric and 

HrOROMETRIC CONDITIONS—POUNDS PER CUBIC FoOT 

1 Approx. 
Average 
Increase 

IN Weight 
Per Dbg 
Wet-Bulb 
Depression 

Barometric Pressure laches of Mercury 

Increase 

In Weight 
Per 0 1 In. 

Rise in 
Barometer 

28 5 

29.0 

29.S 

30.0 

30.5 

31,0 

30 

0.07703 

0.07839 

0.07974 

0.08110 

0.08245 

0.08381 

0.00027 

0.000017 

32 

0.07671 

0.07806 

0.07940 

0.08075 

0.08210 

0.08345 

0.00027 

0.000017 

34 

0.07638 

0.07772 

0.07907 

0.08041 

0.08175 

0.08310 

0.00027 

0.000018 

36 

0.07605 

0.07739 

0.07873 

0.08007 

0.08141 

0.08274 

0.00027 

0.000018 

38 

0.07 S 73 

0.07706 

0.07840 

0.07973 

0.08106 

0.08239 

0.00027 

0.000019 

40 

0.07541 

0.07674 

0.07806 

0.07939 

0.08072 

0.08205 

0.00027 

0.000019 

42 

0.07509 

0,07641 

0.07773 

0.07905 

0.08038 

0.08170 

0.00026 

0.000020 

44 

0.07477 

0.07609 

0.07740 

0.07872 

0.08004 

0.08135 

0.00026 

0.000020 

46 

0.07445 

0.07576 

0.07707 

0.07838 

0.07970 

0.08101 

0.00026 

0.000021 

48 

0.07413 

0.07544 

0.07674 

0.07805 

0.07936 

0.08066 

0.00026 

0.000021 

50 

0.07381 

0.07512 

0.07642 

0.07772 

0.07902 

0.08032 

0.00026 

0.000022 

52 

0.07350 

0.07479 

0.07609 

0.07739 

0.07868 

0.07998 

0.00026 

0.000023 

54 

0.07318 

0.07447 

0.07576 

0.07706 

0.07835 

0.07964 

0.00026 

0.000023 

56 

0.07287 

0.07415 

0.07544 

0.07673 

0.07801 

0.07930 

0.00026 

0.000024 

58 

0.07255 

0.07383 

0.07512 

0.07640 

0.07768 

0.07896 

0.00026 

0.000025 

60 

0.07224 

0.07352 

0.07479 

0.07607 

0.07734 

0.07862 

0.00026 

0.000026 

62 

0.07193 

0.07320 

0.07447 

0.07574 

0.07701 

0.07828 

0.00026 

0.000027 

64 

0.07161 

0.07288 

0.07414 

0.07541 

0.07668 1 

0.07794 1 

0.00026 

0.000028 

66 

0.07130 

0.07256 

0.07382 

0.07508 

0.07634 

0.07760 

0.00026 

0.000029 

68 

0.07098 

0.07224 

0.07350 

0.07475 

0.07601 

0.07727 

0.00026 

0.000030 

70 

0.07067 

0.07192 

0.07317 

0.07442 

0.07568 

0.07693 

0.00026 

0.000031 

72 

0.07035 

0.07160 

0.07285 

0.07410 

0.07534 

0.07659 

0.00025 

0.000032 

74 

0.07004 

0.07128 

0.07252 

0.07377 

0.07501 

0.07625 

0.00025 

0.000033 

76 

0.06972 

0.07096 

0.07220 

0.07343 

0.07467 

0.07591 

0.00025 

0.000034 

78 

0.06940 

0.07064 

0.07187 

0.07310 

0.07434 

0.07557 

0.00025 

0.000036 

80 

0.06909 

0.07032 

0.07155 

0.07277 

0.07400 

0.07523 

0.00025 

0.000037 

82 

0.06877 

0.07000 

0.07122 

0.07244 

0.07366 

0.07489 

0.00024 

0.000039 

84 

0.06845 

0.06967 

0.07089 

0.07211 

0.07333 

0.07454 

0.00024 

0.000040 

86 

0.06812 

0.06934 

0.07056 

0.07177 

0.07299 

0.07420 

0.00024 

0.000042 

88 

0.06780 

0.06901 

0.07022 

0.07143 

0.07264 

0.07385 

0.00024 

0.000043 

90 

0.06748 

0.06868 

0.06989 

0.07109 

0.07230 

0.07351 

0.00024 

1 0.000045 

92 

0.06715 

0.06835 

0.06955 

0.07075 

0.07195 

0.07316 

0.00024 

' 0.000047 

i 

94 

0.06682 

0.06801 

0.06921 

0.07041 

0.07161 

0.07280 

0.00024 

1 

0.000049 

96 

0.06648 

0.06768 

0.06887 

0.07006 

0.07126 

0.07245 

0.00024 

0.000051 

98 

0.06615 

0.06734 

0.06853 

0.06972 

0.07091 

0.07209 

0.00024 

O . OOOOS 3 

100 

0.06581 

0.06700 

0.06818 

0.06937 

0.07055 

0.07174 

0.00024 

0.000055 


^Approximate average decrease in weight per 0,1 F rise in dry-bulb temperature equals 0.000017 lb 
per cubic foot. 
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32 Fj and the relative proportions of the three phases depend upon the 
location of the state point within the wedge. Below the wedge, the mix- 
ture consists of saturated vapor and saturated solid. 

The curved lines in the single vapor-phase region to the right of the 
saturation curve are lines of constant per cent saturation. Lines of con- 
stant dew-point are, of course, horizontal straight lines of constant 
humidity ratio. At point B, for example, the dry-bulb temperature is 
60 F, the thermodynamic wet-bulb is 50 F, the dew-point is 40.8 F, the 
degree of saturation is 48.6 per cent, the humidity ratio is 0.00536 lb per 
pound dry air, and the enthalpy is 14.85 + (1000 X 0.00536) = 20.21 
Btu per pound dry air. 

With the aid of the Mollier diagram, it is easy to throw the definition 
of thermodynamic wet-bulb. Equation 20, into a more familiar form. 
Consider the three points 1, 2, 3, Fig. 2. Point 3 is located with respect 
to points 1 and 2 so that Wz = Wi and ^3 = fe. Points 1 and 2, being on 



Fig. 2. Diagram Illustrating Thermodynamic Wet-Bulb Temperature 


a line of constant thermodynamic wet-bulb, satisfy Equation 20; thus, 
h-h + (W2 - Wi) 

where hz has been subtracted from both sides. Under Dalton’s Law^ 
--- hz = iW 2 — Wi) hw, 2 ; moreover, hi — hz may be replaced by Si 
{ti — k) where Si is often referred to as mean humid heat and may be 
calculated with good approximation from 

iT = 0.240 + 0.444 Wi (21) 


Finally, introducing latent heat of vaporization at the wet-bulb tempera- 
ture, namely, (ftfg )2 = Qhr — h'^ 2 . Equation 20 becomes, after omitting 
the subscript 2, 

_ /tfg 

Wz-Wi'^ Tx 


( 22 ) 


it being understood that TFg is the saturation humidity ratio and hg, the 
latent heat, at the wet-bulb temperature {. Equation 22 was derived 
by Carrier [1]. 

Example IB, Work Example 10 using Equation 22. 

Solution, A trial-by-error method is involved. Taking 48 F as a trial value of t\ 
(80 - 48) (0.007072 - 0) = 4520; but 1066.7 0.240 = 4440. The trial value 

must, therefore, be revised upward, the final solution being 48.26 F as in Example 10. 
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TYPICAL AIR CONDITIONING PROCESSES 

Illustrative Examples, The use of Table 6 and the Mollier diagram in 
analyzing typical air conditioning processes is best explained by the use 
of illustrative examples. In each of these examples, the observed pressure 
is assumed to be standard atmospheric pressure (29.921 in. Hg). 

Example IS, Heating, Air at 20 F and 80 per cent saturation is to be heated to 120 F. 
Analyze the process as illustrated in Fig. 3. 

Solution. The initial humidity ratio is 0.80 X 0.002144 = 0.001715 lb per pound 
dry air (table). This same value is read directly on the chart. The initial enthalpy is 


\ 

J 

I 

\ '7 


4913 (h-iooo W) 2899 

Fig. 3. Diagram Illustrating Example 13 



Fig. 4. Diagram Illustrating Example 14 


4.798 4* (0.80 X 2.290) = 6.630 Btu per pound dry air (table) or 4.915 -f (1000 X 
0.001715) == 6.630 (chart). 

The final degree of saturation is 0.001715 0.08093 = 0.0212 (table) ; hence the final 

enthalpy is 28.80 + (0.0212 X 90.09) = 30.71 Btu per pound dry air (table) or 28.99 -f 
(1000 X 0.001715) - 30.71 (chart). 

The increase in enthalpy is the quantity of heat to be supplied, namely, 30.71 — 6.63 
== 24.08 Btu per pound dry air (table). Since humidity ratio W and therefore lOOOIF 
is constant, this is also simply the horizontal distance between the representative points 
on the chart; thus, the heat to be supplied is also 28.99 — 4.915 = 24.08 Btu per pound 
dry air (chart). 

The final volume is 14.60 + (0.0212 X 1.90) == 14.64 cu ft per pound (table) ; or direct 
from the volume chart. Therefore, if 20,000 cfm of heated air is to be supplied, the 
quantity of heat required is (20,000 -r 14.64) X 24.08 - 32,900 Btu per minute. 

Example I 4 , Cooling and Separating. Air at 95 F and 50 per cent saturation is to be 
cooled to 70 F and the liquid separated out. Analyze the process as shown in Fig. 4. 
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Soluiton. The initial humidity ratio is 0.50 X 0.03652 = 0.01826 (table). The initial 
enthalpy is 22.80 -1- (0.50 X 40.25) = 42.93 Btu per pound dry air (table) or 24,67 + 
(1000 X 0.01826) = 42.93 (chart). 

The final state is in the two-phase region and consists of 0.01574 lb water per pound 
dry air in the vapor phase, and 0.00252 lb water per pound dry air in the liquid phase. 
The final enthalpy is therefor 33.96 + (0.00252 X 38.0) = 34.06 Btu per pound dry air 
(table) or 15.80 + (1000 X 0.01826) = 34.06 (chart). 

The decrease of enthalpy is the refrigeration to be supplied and is 42.93 — 34.06 
= 8.87 Btu per pound dry air (table). Since the weight of water per pound of dry air is 
constant, this is also the horizontal distance between the representative points on the 
chart, namely, 24.67 — 15.80 = 8.87 Btu per pound dry air (chart). 

The initial volume is 13.97 + (0.50 X 0.82) = 14.38 cu ft per pound (table) ; or direct 
from the volume chart. Therefore, if 20,000 cfm of initial air is to be processed, the 
refrigeration required is (20,000 X 8.87 )-?- (14.38 X 200) = 61.7 tons. The weight of 
water to be removed is (20,000 X 0.00252) 14.38 = 3.51 lb per minute. 

Example 15, Adiabatic Saturation with Recirculated Spray Water. ^ Air at 75 F and 
60 per cent saturation is saturated adiabatically with spray water which is recirculated. 



Fig, 5. Diagram Illustrating Example 15 


Find the resulting temperature and the weight of water added per pound of dry air as 
outlined in Fig. 5. 

Solution. The recirculated water will assume the thermodynamic wet-bulb tempera- 
ture of the entering air which will also be the temperature of the resulting saturated 
mixture. The humidity ratio of the entering air is 0.60 X 0.01873 — 0.01124 lb water 
per pound dry air (table) ; its enthalpy is 17.99 + (0.60 X 20.47) = 30.27 Btu per pound 
dry air (table) or 19.03 + (1000 X 0.01124) = 30.27 Btu per pound dry air (chart). 
To determine the resulting temperature, the following equation must be solved. 

30.27 4- (Ws - 0.01124) -- hs 

A trial value is 65 F corresponding to - 30.27. The final value is 65.50 F cor- 
responding to ^ = 30.27 4- (0.01320 - 0.01124) X 33.05 30.34 Btu per pound dry 

air. The weight of water to be added is 0.01344 — 0.01124 = 0.00200 lb per pound 
dry air. 

The volume of the entering air is 13.47 4- (0.60 X 0.40) = 13.71 cu ft per pound. 
If 20,000 cfm of entering air is to be saturated, the weight of water to be added per 
minute is (20,000 X 0.00200) -i- 13.71 = 2.92 lb per minute. 


Adiabatic Mixing of Two Rh Streams 

A typical process requiring special discussion is the adiabatic mixing 
of two air streams. Let stream 1 contain Mi pounds of dry air per minute 
and let its enthalpy be h and its humidity ratio Wi. Using subscripts 2 
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and 3 in a similar manner to designate stream 2 and the resulting mixture 
respectively, write: 

Ml M 2 = Mz (weight balance for the dry air) 

MiWi 4“ M 2 W 2 ~ MzWz (weight balance for the water) 

Mihi + M 2 h 2 — Mzhz (energy balance, no heat absorbed) 

Eliminating Mzt 

W 2 - Wz ^ h 2 -hz _ Ml . 

Wz - Wi hz- hi Mi ^ ^ 

according to which : on the Mollier Chart the representative point of the 
resulting mixture lies on the straight line connecting the representative points 
of the two streams being mixed^ and divides the line into two segments which 
are in the same ratio as the weights of dry air in the two streams. It must 
not be forgotten that this analysis assumes adiabatic mixing. 

Example 16. Outside air at 0 F and 80 per cent saturation is to be mixed adiabatically 
with recirculated air at 70 F and 20 per cent saturation in the ratio, one pound of dry 



air in the former to seven in the latter. Find the temperature and degree of saturation 
of the resulting mixture as shown in Fig. 6. 

Solution. The humidity ratio and enthalpy of the resulting mixture satisfy 
0.003148 - TFs ^ 20.23 - hz __ 1 
Wz - 0.000628 hz - 0.666 7 

whence, 

Wz = 0.002833 lb water per pound dry air. 
hz ~ 17.78 Btu per pound dry air. 

The corresponding temperature and degree of saturation are 61.3 F and 24.5 per cent 
as is easily verified by use of Table 6. The numerical solution is somewhat tedious, but 
the graphical solution is easy. 

Adiabatic Mixing with Injected Water 

Another typical process is that of injecting water (solid, liquid or 
vapor) into an air stream to mix adiabatically with it. Let the subscripts 
1 and 2 refer to the initial and final conditions, respectively; then write 
1+0 — 1 (weight balance for the dry air) 

IFi + (TFa — Wi) = Wi (weight balance for the water) 

+ (1^2 — Wi) hw = hi (energy balance, no heat absorbed) 
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The first two are identities and are incorporated in the third, 
be rewritten as follows; 


Jh ~~ hi 

W2 " Wi 


This may 

(24) 


and shows that the process is represented by a straight line on the Mollier 
diagram^ the slope of the line being determined by the specific enthalpy of the 
injected water. It must not be forgotten that the analysis assumes 
adiabatic mixing. Energy convected with a fluid is not heat. 

Example 1 7, It is desired to increase the humidity ratio of air at 70 F without changing 
its temperature. Under what conditions may water be injected in order to accomplish 
the desired result? 

Solution, Under Dalton’s Law a line of constant (dry-bulb) temperature is straight 
on the Mollier diagram and its slope is determined by the specific enthalpy of water 
vapor at the ^iven temperature. At 70 F, = 1092.3 Btu per pound; hence injection 
of steam having this specific enthalpy will cause the representative point to move in a 
direction parallel to the 70 F isotherm. Saturated steam at 70 F may not be used because 
its pressure is only 0.7392 in. Hg and it cannot therefore be injected into air at atmos- 



pheric pressure. Saturated steam at 667.4 F, 2488 lb per square inch has the right specific 
enthalpy and can be throttled into a room at 70 F without altering the room temperature. 

Border Scale 

On the Mollier diagram is placed a border scale to facilitate the graphical 
solution of problems in which given quantities of energy and water are 
added (or withdrawn) simultaneously as in the case of adiabatic mixing 
with injected water. All marks in the upper half of this scale point to 
the lower left comer of the chart and each shows the direction that the 
representative point will move due to adiabatic mixing with injected 
water having the indicated specific enthalpy. All marks in the lower 
half of the scale point to the lower right comer of the chart. 

Example 18, If dry saturated steam at 20 lb per square inch absolute is injected into 
air initially at 60 F and 30 per cent saturation to raise the temperature to 70 F, what is 
the final degree of saturation and how much water is added per pound dry air? (See 
Fig. 7.) 

Solution, The initial humidity ratio is 0.30 X 0.01103 = 0.00331 lb water per pound 
dry air (or direct from chart). The initial enthalpy is 14.39 + (0.30 X 11.98) 17.98 

Btu per pound dry air (table) or 14.67 (1000 X 0.00331) = 17.98 (chart). A pre- 
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liminary calculation shows that the final mixture contains liquid. The final weight of 
water per pound of dry air is determined from 


33.96 + {W - 0.01574) X 38.0 - 17.98 
W - 0.00331 


= 1156.3 


where the specific enthalpy of the injected water is 1156.3 Btu per pound. The answer is 
W = 0.01718 lb water per pound dry air. 

Therefore, the weight of water added is 0.01718 — 0.00331 = 0.01387 lb per pound 
dry air as shown in Fig. 7. 


Adiabatic Saturation 

Any case of adiabatic mixing in which the resulting mixture is saturated 
may properly be called adiabatic saturation. For example, if enough 
water at 352 F be sprayed into dry air at 80 F to produce a saturated 
mixture, the resulting enthalpy will be As = 19.19 + (Ws — 0) 324; and 
since As and TFs are functions of the same temperature, this temperature 
is determined by the equation to be 53.0 F. Thus, adiabatic saturation 
of dry air at 80 F by injecting liquid water at 352 F results in a tempera- 
ture of 53,0 F when saturation is reached. 

But in practice, much more is usually read into the term adiabatic 
saturation, it being generally understood that saturation is to be pro- 
duced by injecting liquid water at such a temperature as will coincide 
with that at whidi the saturation curve is reached. With this under- 
standing it may he said that thermodynamic wet-bulb temperature is the 
result of adiabatic saturation. Thus, if liquid water at 48.26 F instead of 
362 F be injected into dry air at 80 F a saturated mixture at 48.26 F 
instead of 63.0 F will be produced. Therefore, 48.26 F is the thermo- 
dynamic wet-bulb temperature of dry air at 80 F. 

It is possible to produce adiabatic saturation, interpreting the term 
literally, by mixing two air streauns neither of which is itself saturated. 
In order for this to be possible, the straight line connecting the repre- 
sentative points on the Mollier diagram must cut the saturation curve 
twice. 

Cooling Load 

In the calculation of the cooling load for an air conditioned space, the 
problem usually reduces to determining the quantity of inside air that 
must be withdrawn and the condition to which it must be brought by 
cooling, separating and possibly reheating so that return of the conditioned 
air will have the net effect of removing given amounts of energy and water 
from the air conditioned space. 

Let m denote the weight of dry air withdrawn per hour. With it will 
be withdrawn energy of amount wAi Btu per hour and water of amount 
mW^ pounds per hour, where h and Wi denote enthalpy and humidity 
ratio, respectively, of inside air. The weight of dry air returned per hour 
will be the same as that withdrawn but with it must be returned a smaller 
amount of energy j mh Btu per hour, and a smaller quantity of water, mW 
pounds per hour, where A and W denote enthalpy and humidity ratio 
of conditioned air. 
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With this understanding, the requirements of the cooling load problem 
are, 

mh = mhi — LQ 
mW = mWi - 

where LQ and LW are the given amounts of energy and water, respect- 
ively, to be removed simultaneously. Eliminating m from these equations, 


h-hi _ AC _ 
W ^ 


(25) 


which says that all possible states for the conditioned air lie on a straight 
line, on the Mollier Chart, which passes through the state point of the 
Inside Air with a slope determined by the ratio q (Btu per lb water) of 
the quantities of energy and water to be removed simultaneously. This 
straight line is called the condition line for the given problem. 

If the condition line crosses the saturation curve the intersection is 
called the apparatus dew-point (Chapter 21). For, if the air conditioning 



Fig, 8, Diagram Illustrating Example 19 

apparatus is set to produce a saturated mixture harving the temperature 
corresponding to this point, the introduction of this saturated mixture 
into the conditioned space will result in the simultaneous removal of the 
required amounts of energy and water. 

Graphical solution of a cooling load problem is facilitated by the border 
scale on the Mollier Chart, The numbers around this border scale may be 
regarded as values of the ratio q (Btu per lb water), each number deter- 
mining the direction of the corresponding condition line. 

Example 19. A condition of 80 F dry-bulb, 67 F wet-bulb is to be maintained in a 
certain clothing store, outside conditions being 95 F dry-bulb, 75 F wet-bulb. The 
energy gain from normal heat transmission is estimated at 16,000 Btu per hour, that 
from solar radiation at 48,000 Btu per hour. The energy generated by lights, fans, etc., 
is estimated at 13,900 Btu per hour. The ventilation requirement is 30,000 cu ft of 
Outside Air per hour. The number of occupants is 50. Find the apparatus dew-point 
and the cooling load as analyzed in Fig. 8. 

Solution. The thermodynamic properties of Outside Air are: v = 14.29 cu ft per 
pound dry air, h = 38.26 Btu per pound dry air, and W — 0.01402 lb water per pound 
dry air. Therefore, the weight of dry air entering with the Ventilating Air is 30,000 
14.29 = 2099 lb dry air per hour. This brings with it energy of amount 2099 X 38.26 
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= 80,300 Btu per hour and water of amount 2099 X 0.01402 = 29.43 lb per hour. An 
equal weight of dry air must be displaced from the store. 

The thermodynamic properties of Inside Air are: hi — 31.41 Btu per pound dry air, 
and Wi =s 0.01115 lb water per pound dry air. Therefore; the energy leaving the store 
with the Inside Air displaced by the Ventilating Air is 2099 X 31.41 = 65,900 Btu per 
hour; the weight of water leaving is 2099 X 0.01115 = 23.41 lb per hour. 

Each occupant may be regarded as a normal person standing at rest and therefore 
evaporating 0.198 lb of water per hour at about 79 F (Table 3, Chapter 2). Therefore 
the energy added to the store by such evaporation is 50 X 0.198 X 1096.2 (enthalpy of 
saturated vapor at 79 F, Table 8) = 11,000 Btu per hour, the weight of water added 
being 50 X 0.198 == 9.90 lb per hour. In addition each person loses 225 Btu of heat per 
hour by conduction, convection and radiation^ making a total for 50 persons of 11,300 
Btu per hour. 

An energy balance shows a net gain of 16,000 + 48,000 + 13,900 + 80,300 — 65,900 
-{- 11,000 + 11,300 - 114,600 Btu per hour. A water balance shows a net gain of 29.43 
— 23.41 + 9.90 = 15.92 lb per hour. The slope of the condition line is determined by 
the ratio g_ — 114,600 ~ 15.92 = 7205 Btu per pound of water. The temperature at 
which the condition line crosses the saturation curve is 58.02 F which is, therefore, the 
apparatus dew-point. This temperature is found by solving Equation 25, 


31.41 - 
0.01115 - Ws 


= 7205 


The fact that a trial-by-error solution is required is not a serious complication. 

In order to calculate the cooling load it will be assumed that the air conditioning 
process consists of cooling and separating- The thermodynamic properties entering the 
calculations are: 


Inside Air After Cooling After Separating 

t 80.0 58.02 58.02 

W. 0.01115 0.01115 0.01027 

h. 31.41 25.086 25.063 

It follows that the refrigeration required is 31.41 — 25.086 — 6.324 Btu per pound 
dry air. But the weight of dry air involved is 114,600 (31.41 25.063) = 18,056 

pounds per hour; hence the total refrigeration required, namely, the cooling load,- is 
18,056 X 6.324 « 114,185 Btu per hour, or 114,185 -t 12,000 (Btu extracted per hour 
per ton of refrigeration) — 9.49 tons. 

The weight of water removed is 18,056 X (0.01115 — 0.01027) = 15.92 lb per hour 
as required. This water is removed as liquid at 58.02 F and therefore removes energy 
of amount 15.92 X 26,1 (specific enthalpy of liquid water at 58.02 F, Table 6) = 415 
Btu per hour. This plus tiie refrigeration accounts for the total removal of 114,600 Btu 
per hour as required. 

In practice the point at which the condition line crosses the saturation 
curve may dictate an excessive number of air changes. If so, it may be 
necessary to cool to a lower temperature. But, if the requirements of the 
problem are to be exactly met both as regards removal of energy and 
removal of water, the mixture returned to the conditioned space must 
then contain a certain amount of liquid. In other words, its state point 
must lie on the condition line. 

It may be that the condition line does not cross the saturation curve 
at all, in which case the apparatus dew-point as defined previously does 
not exist. In this case the actual dew-point of the apparatus can be set 
at any temperature provided the air is then reheated to a point on the 
condition line before being returned to the conditioned space. 

In actual practice it is rarely possible to obtain complete saturation at 
the dew-point temperature at which the apparatus is set. This may be 
due to insufficient contact; or a portion of the air may be deliberately 
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by-passed. But either is equivalent to reheating and, if the final con- 
dition still lies on the condition line, the requirements of the problem can 
be exactly met. 

Heating Load 

The idea of the condition line is also useful in calculating heating load 
problems. Its use is best illustrated by means of an illustrative example. 

Example 20, The clothing store of Example 19 is to be maintained at 70 F dry-bulb, 
50 per cent saturation in winter, with outside design conditions being 0 F dry-bulb, 
80 per cent saturation. In order to avoid window condensation with the given inside 
and outside conditions, double doors and windows are provided. Show windows are 
sealed. The ventilation requirements of 10 cfm per person for 50 persons, or 30,000 cfh, 
will build up a slight pressure. For these three reasons, infiltration is reduced to a 
negligible amount. The normal heat transmission through walls, partition, floor, roof, 
glass, and doors is estimated at 73,750 Btu per hour. Considerable energy is gained from 
lights and occupants, but only after the store is raised to the proper conditions; hence 
this item should be disregarded in figuring the maximum heating load. Analyze the 
problem as shown in Fig. 9. 



(h-lOCW W) 

Fig. 9. Diagram Illustrating Example 20 


Solution, The thermodynamic properties of Outside Air are: v = 11.59 cu ft per 
pound of dry air, h = 0.67 Btu per pound of dry air, and W = 0.00063 lb water per 
pound of dry air. Accordingly, the Ventilating Air introduces dry air of amount 30,000 
11.59 = 2590 lb per hour, energy of amount 2590 X 0.67 = 1730 Btu per hour, and 
water of amount 2590 X 0,00063 = 1.63 lb per hour. Since infiltration is negligible, 
none of the Ventilating Air will be admitted directly to the store, but will enter with the 
Supply Air after having been processed in the air conditioning apparatus. Nevertheless, 
it displaces an equal weight of dry air from the store. 

The thermodynamic properties of Inside Air are: v — 13.51 cu ft per pound of d^ 
air, h = 25.38 Btu per pound of dry air, and W = 0.00787 lb water per pound of dry air. 
Accordingly, the Ventilating Air displaces energy of amount 2590 X 25.38 — 65,730 Btu 
per hour, and water of amount 2590 X 0.00787 = 20.38 lb per hour. 

Using these data, it appears that the total energy to be added to the store is 73,750 
-f- 65,730 = 139,480 Btu per hour while the total water to be added is 20.38 lb per hour. 
But it would be a mistake to determine the condition line by the ratio of these two 
quantities, since the dry air returned with the Supply Air exceeds that recirculated from 
the store by the amount introduced with the Ventilating Air.^ It is correct, however, 
to lump the Recirculated Air and the Displaced Air together, since both leave the store 
under the conditions of Inside Air. Then the Supply .^r must return more energy to the 
store than both of these remove by an amount equivalent to the normal heat trans- 
mission or 73,750 Btu per hour, and more water by amount zero. The ratio of these two 
quantities determines the condition line. Since the ratio is infinite, the condition line is 
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horizontal on the Mollier Chart; in other words, the humidity ratio of the Supply Air 
must be the same as that of Inside Air. 

Good practice is to limit the temperature of the Supply Air to 105 F. The condition 
line crosses the 105 F isotherm at 15.6 per cent saturation. The thermodynamic proper- 
ties of the Supply Air are: h =* 33.91 Btu per pound of dry air, and TF= 0.00787 lb 
water per pound of dry air. Accordingly, the weight of dry air to be recirculated is 
73,750 (33.91 - 25.38) minus 2590 = 6056 lb per hour. 

The dew-point temperature of the Supply Air is the same as that of Inside Air, 
namely, 50.8 F. A suitable conditioning process is to (see Fig. 9): (1-2) preheat the 
Ventilating Air to temperature t\ (2-3) mix it adiabatically with Recirculated Air; (3-4) 
saturate the resulting mixture adiabatically with recirculated spray; (4-5) reheat to 
105 F on the condition line. The temperature t must be diosen so that, after preheating, 
the wet-bulb of the Ventilating Air is 50.8 F. 

The determination of the preheating temperature t using the data of Table 6, though 
straightforward, is somewhat tedious. Graphical solution using the Mollier Chart is 
easier. The answer 37.1 F is obtained by drawing the line A + B so that the length of 
A is in proportion to the length of B as the weight of Recirculated Air 6056 lb is to the 
weight of Ventilating Air 2590 lb, and where this line crosses (1-2) temperature t results. 
The data needed to calculate the quantities of heat required for preheating and sub- 
sequent reheating may now be assembled. 



Outside 

Air 

After 

Preheating 

After 

Misdng 

After 

Adiabatic 

Saturation 

After 

Reheating 

t 

n 

^7 A 

.....60.2 


....105.0 

k 

0 A7 


.....20.65 

20fiP 

33.91 

W, 

0.00063... 

0.00063.... 

0.00570... 

0.00787... 

0.00787 


The quantity of heat required for preheating is 2590 X (9.59 — 0.67) = 23,100 Btu per 
hour; and that required for reheating is 8646 X (33.91 —20.69) = 114,300 Btu per hour. 

A trial balance for the energy accounting may be made. The Ventilating Air brings 
in energy 1730 Btu per hour; the heat added by the preheating coil is 23,100 Btu per hour; 
the energy supplied by the spray is (6056 + 2590) X (20.69 — 20.65) = 340 Btu per 
hour; the heat added by the reheating coil is 114,300 Btu per hour; and the total is 
139,470 Btu per hour. This is in substantial agreement with the stated requirements 
of the problem. 

The Ventilating Air brings in water of amount 1.63 lb per hour; the spray adds 
(6056 + 2590) X (0.00787 - 0.00570) = 18.76 lb per hour; and the total is 20.39 lb 
which is in agreement with the stated requirements. 


STEADY FLOW ENERGY EQUATION 

It was previously stated that, in steady flow, the energy convected 
by the fluid at any section is the sum of {a) kinetic energy due to velocity; 
(&) gravitational energy due to elevation; (c) enthalpy due to the con- 
dition of pressure, temperature and composition of the fluid. A more 
detailed discussion of item (a) is in order. 

Kinetic Energy 

There are reasons to believe that the so-called velocity pressure hv 
read by a Pitot tube is simply the kinetic energy per unit volume of the 
fluid immediately upstream from the tube, as application of Bernoulli’s 
Equation suggests. Thus (see Equation 3, Chapter 35). 


where 
V - 
hv — 


V = 1097.3 




d 


velocity, feet per minute. 

velocity pressure, inches of water at 60 F. 


d — density of fluid, pounds per cubic foot. 


( 26 ) 
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In the case of flow through a duct, the velocity pressure is found to vary 
considerably over the section and a traverse has to be made. The cross- 
sectional area of the duct is divided into a number of equal concentric 
areas, and measuring stations are located at centroidal points in each area 
along two perpendicular diam^ers. Usually the ultimate object is to 
determine an average velocity V from which the weight of fluid crossing 
the section per unit time can be obtained on multiplying by the cross- 
sectional area of the duct and by the density of the fluid. This is obtained 
by simply averaging the square roots of all measured velocity pressures 
as follows: 

_ 1097.3 

^ = “ 7 =^ 

-s/T 

where 

V » average velocity, feet per minute. 

av “ arithmetic average of the square roots of all measured velocity pressures, 
inches of water at 60 F, 



But the item of present importance is the average kinetic energy^ con- 
vected with each pound of fluid. Consistently with the previous discus- 
sion, this can be shown to be 

'KE = 0.006678 v \ (28) 


KE = average kinetic energy, Btu per pound. 

V « specific volume, cubic feet per pound. 

= arithmetic average of the 3/2-powers of all measured velocity pressures, 
inches of water at 60 F. 


If the velocity pressure were uniform over the section, Equations 27 
and 28 could be combined to give 



But, it is interesting to note that if the velocity varies paraboUcally from 
zero at the walls to maximum at the center as it does in the case of purely 
viscous flow in a circular duct, then the average kinetic energy is twice that 
given by Equation 29. 

Example $0. If 2000 cfm of air flows through an 8 in. diameter circular duct, find 
the average kinetic energy per pound of air. 

Solution, The cross-sectional area of the duct is 0.349 sq ft; hence the average flow 
velocity is 5730 fpm. If the velocity were uniform over the section, the average kinetic 
energy would be (5730 -4- 13,430)® = 0.182 Btu per pound. But it is more likely that 
the actual distribution of velocity would approximate that characteristic of viscous 
flow; hence the average kinetic energy would be more nearly 2 X 0.182 = 0.364 Btu 
per pound. 

Gravitational Energy 

The potential energy due to elevation Z (feet) above any convenient 
datum is simply Z -r- 778.3 Btu per pound of fluid. In the case of moist air, 
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where 


PE = 


778.3 


PE = average potential energy, Btu per pound dry air. 
Z = average elevation, feet. 

W = humidity ratio, pound water per pound dry air. 


(30) 


Enthalpy 

No further discussion of enthalpy is required. It may be well to 
emphasize, however, that enthalpies have been figured on the basis of 
one pound of dry air. 

Heat and Shaft Work 

Between any two sections 1 and 2 in an apparatus through which 
steady flow occurs, there may be heat absorbed from outside, iga, Btu per 
pound of dry air, and shaft work removed to outside, ife, Btu per pound 
of dry air. If heat is actually rejected to outside, is intrinsically 
negative; and if shaft work is actually put in from outside ife, is intrinsi- 
cally negative. 


Steady-flow Energy Equation 

A complete energy accounting takes the form of Equation 31 which 
is usually referred to as the steady-flow energy equation. 

iga ** (^2 + KEi PjEa) — Qii + -j- PEi) -f- ih (31) 

where 

iq% heat added from outside between sections 1 and 2, Btu per pound dry air. 

1h = enthalpy of the mixture at section 2, Btu per pound dry air. 

KEi “ average kinetic energy at section 2, Btu per pound dry air. 

PEi = average potential energy at section 2, Btu per pound dry air. 

hi = enthalpy at section 1, Btu per pound dry air. 

KEi = average kinetic energy at section 1, Btu per pound dry air. 

PEi = average potential energy at section 1, Btu per pound dry air. 

1^2 ~ shaft work withdrawn between sections 1 and 2, Btu per pound dry air. 

In Equation 31 all quantities are per pound of dry air. If Equation 28 
is used in computing average kinetic energy, the result will be in Btu 
per pound of dry air if v is taken as volume per pound of dry air. If 
Equation 29 is used, multiplication hy {1 + W) as in Equation 30 is 
required though this is a refinement seldom justified. 

Properties of saturated steam are given in Table 8 and for additional 
definitions refer to Chapter 47. 


U, S. STANDARD ATMOSPHERE 

The so-called U. S. Standard Atmosphere is an essential standard of 
reference in aeronautics and as such has become important to the air 
conditioning engineer who frequently has to simulate atmospheric con- 
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ditions at high altitudes in connection with aeronautical research. In 
defining this standard it is first assumed that temperature T varies 
linearly with altitude Z above sea level, at any rate up to the lower limit 
of the isothermal layer at 35,332 ft. Thus, 

T = To- 0.0019812 Z (32) 

or 

/J7^ 

= —0.0019812 (degree Centigrade per foot) (33) 


The second assumption is the validity of the perfect gas laws, namely, 

Fv = BT (34) 


An horizontal disk of air having unit cross-sectional area (1 sq ft) 'and 
vertical thickness dZ (ft) weighs dZjv (lb). This accounts for the dif- 
ference of pressure dP (lb per sq ft) between the upper and lower faces 
of the disk; hence, using Equation 34 


dZ^ 


BTdF 


(35) 


Equations 33 and 35 can be combined to eliminate Z and then in- 
tegrated to obtain the relation between pressure and temperature, namely, 

i - (^)‘” 

The values To = 288 K and P© = 29.921 in. Hg are parts of the definition 
of the standard atmosphere. 

Values of pressure and temperature are listed in Table 10 for altitudes 
in the standard atmosphere from —1,000 to 50,000 ft above sea level. 
Values for altitudes below the lower limit of the isothermal layer conform 
to Equations 32 and 36. For further explanation; reference (11) should 
be consulted. 


Table 10. Pressure and Temperature for Altitudes in 
U. S. Standard Atmosphere 


Altitxjde Feet 

Pressure In. of Hg 

Temp F 

Z 

P 

t 

- 1,000 

31.02 

4-62.6 

- 500 

30.47 

-i-60.8 

0 

29.921 

+59.0 

+ 500 

29.38 

+57.2 

4- 1,000 

28.86 

+55.4 

+ 5,000 

24.89 

+41.2 

10,000 

20.58 

+23.4 

15,000 

16.88 

+ 5.5 

20,000 

13.75 

-12.3 

25,000 

11.10 

-30.1 

30,000 

8.88 

-47.9 

36,000 

7.04 

-65.8 

40,000 

5.54 

-67.0 

45,000 

4.36 

-67.0 

50,000 

3.436 

-67.0 
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CHAPTER 2 


f^liy-dioio^icai ^rincipie6 


Chemical Vitiation of Air, Physical Impurities in Air, Thermal 
Interchanges Between the Body and Its Environment, 
Adaptation to Hot Conditions, Relation of Air Conditioning 
Needs to Metabolism, Acclimatization, Effective Temperature 
Index, Physiological Objectives of Heating and Ventilation, 
Summer Comfort, Influence of Humidity, Influence of Air 
Movement, The Four Vital Factors 


V ENTILATION is defined in part as the process of supplying or 
removing air by natural or mechanical means to or from any space. 
(See Chapter 47). The word in itself implies quantity but not necessarily 
quality. From the standpoint of comfort and health, however, the 
problem is now considered to be one of securing air of the proper quality 
rather than of supplying only a given quantity. 

The term air conditioning in its broadest sense implies control of any or 
all of the physical or chemical qualities of the air. When applied to 
comfort air conditioning, however, the A.S.H.V.E. Code of Minimum 
Requirements of Comfort Air Conditioning^ defines it ^‘as the process by 
which simultaneously the temperature, moisture content, movement and 
quality of the air in enclosed spaces intended for human occupancy may 
be maintained within required limits. If an installation cannot perform 
all of these functions, it shall be designated by a name that describes only 
the function or functions performed.*’ 

CHEMICAL VITIATION OF AIR 

Under the artificial conditions of indoor life, the air undergoes certain 
physical and chemical changes which are brought about by the occupants 
themselves. The oxygen content is somewhat reduced, and the carbon 
dioxide slightly increased by the respiratory processes. Organic matter, 
which is usually perceived as odors, comes from the nose, mouth, skin 
and clothing. The temperature of the air is increased by the metabolic 
processes, and the humidity raised by the moisture emitted from the skin 
and lungs. 

Contrary to old theories, the usual changes in oxygen and carbon 
dioxide are of no physiological concern because they are too small to 
produce appreciable effects even under the worst conditions of normal 
human occupancy. Only in such unusually air-tight enclosures as sub- 
marines and some air raid shelters need the increase in carbon dioxide and 
the reduction in oxygen be considered. The amount of carbon dioxide in 

iCode of Minimum Requirements for Comfort Air Conditioning (A.S.H.V.E Transactions, Vol. 44, 
1938, p. 27). Reprints ot this code are available at $.10 a copy. 
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air is often used as an index of odors of human origin, but the information 
it affords rarely justifies the labor involved in making the observation^’ 
Little is known of the identity and physiological effects of the organic 
matter given off in the process of respiration. The former belief that the 
discomfort experienced in confined spaces was due to some toxic volatile 
matter in the expired air is now limited, in the light of numerous re- 
searches, to the much less dogmatic view that the presence of such a 
substance has not been demonstrated. The only certain fact is that 
expired air may be odorous, offensive, and capable of producing loss of 
appetite and a disinclination for physical activity. Objectionable body 
odors have the same effects. These reasons, whether esthetic or physio- 
logical, call for the introduction of a certain minimum amount of clean 
outdoor air to dilute odors from any source, including cooking and other 
processes, to a concentration which is not objectionable. 

In certain industrial processes toxic fumes and gases may be produced 
whose removal by local exhaust ventilation is essential for the protection 
of human health. In the ordinary occupied spaces harmful chemical 
impurities may be contributed from certain types of cooking and heating 
appliances including carbon monoxide from imperfect combustion which 
may be a serious hazard to life and health. 

The control of offensive or hazardous concentrations of chemical vitia- 
tion of the air is frequently brought about by the ventilating engineer 
through dilution. This method has found application when the source 
of contamination is the human occupant and not something of a par- 
ticularly hazardous character. 

In the case of vitiation by a few hazardous gases such as carbon monox- 
ide from heating and coolang and certain industrial processes, no satis- 
factory chemical treatment for the elimination of the impurity has been 
found. The only really satisfactory solution is elimination at the source; 
or if this is impossible reduction to a safe concentration by dilution. In 
the case of contamination by other matter, including volatile vapors and 
gases, chemical treatment for the removal or chemical reduction of the 
impurities has been made available through air cleaning methods, which 
are discussed in Chapter 29 on Air Cleaning Devices. The A.S.H.V.E. 
Research Technical Advisory Committee on Removal of Atmospheric Im- 
purities has outlined^ means for the reduction of atmospheric impurities. 

When the only source of contamination is the human occupant, the 
minimum quantity of outdoor air needed appears to be that required 
to remove objectionable body odors, or tobacco smoke. The concen- 
tration of body odor in a room, in turn, depends upon a number of factors, 
including the dietary and hygienic habits of the occupants (frequently 
reflecting their socio-economic status), the outdoor air supply, air space 
allowed per person, odor adsorbing capacity of air conditioning processes, 
and temperature and relative humidity. Perception of odor, like the 
perception of most of the other senses, is proportional to the logarithmic 
function of the intensity of the stimulus; or in the caae of odors, the 


*A.S.H.V.E. Research Report No. 959--Iiidice8 of Air Changes and Air Distribution, by F. C. Hough- 
ten and J. L. Blackshaw (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 261). 

»A.S.hV.E. Research Report No. 1031— Ventilation Requirements, by C. P. Yaglou, E. C. Riley 
and D. J. Coggins (A.S.H.V.E. Transactions, Vol. 42, 1936, p. 133). 

♦Report of the A.S.H.V.E. Technical Advisory Committee on Removal of Atmospheric Impurities 
(Programs of the Research Technical Advisory Committees, June, 1941, p. 7) . Available in booklet form* 
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perception has been found to vary as the logarithmic function of the odor 
intensity, or inversely with the logarithmic function of the available air 
determined by the outdoor air supply and the air space per person. 

The relation between air supply and occupancy has been reported by 
the Harvard School of Public Health^ and the A.S.H.V.E. Research 
Laboratory®. The findings from the Harvard study are given in Table 1. 
Outdoor air requirements for removal of objectionable tobacco smoke 
odors are not accurately known but sources of information available and 
practice indicates the need of 15 cfm per person or more. 

The total quantity of outside air to be circulated through an enclosure 
is governed by both chemical and physical considerations. The physical 
requirements for controlling temperature, air distribution and air 
velocity usually predominate. Other factors which must be taken into 
consideration include the type and usage of the building, locality, climate, 
height of rooms, floor area, window area, extent of occupancy, and the 
operation of the system distributing the air supply. Frequently, some of 
these factors, particularly the need for air movement and good distribu- 
tion, may be satisfied by recirculation of inside air rather than by outside 
air. 

It will be noted that, with adequate air space, the rate of air change 
indicated in Table 1 is from 10 to 30 cfm per person. In rooms occupied 
by only a few persons such a rate of air change will be automatically 
attained in cold weather by normal leakage around doors and windows 
while it can easily be secured in warm weather by the opening of windows. 
With a space allotment of 400 cu ft per person, only IJ^ air changes per 
hour are necessary to provide an air change of 10 cfm per person. This 
space allptment is essential for other reasons. 

Therefore, in the ordinary dwelling with adequate cubic space allot- 
ment, no special provision for controlling chemical purity of the air is 
necessary (aside from removal of fumes from heating appliances). For 
such conditions, the control of air temperature is the major factor to be 
considered. 

In more crowded rooms (large offices, large workrooms, auditoriums), 
the whole picture changes. Cubic space per person is less and the size of 
the room makes it impossible to admit untempered outside air without 
drafts. Here, mechanical ventilation is essential, but as will be noted in 
a later paragraph, it is even more essential for thermal than for chemical 
reasons. It is control of the thermal properties of the air in order to 
effect the removal of the heat produced by human bodies, rather than 
dilution of chemical poisons, which must govern practice. 

The Code of Minimum Requirements for Comfort Air Conditioning^ 
prescribes definite minimum requirements which should be familiar to the 
designing engineer. It should be emphasized, however, that the pro- 
visions of the code aim to provide minimum, rather than adequate, 
requirements. 

Notwithstanding the rapid advance in the field of air conditioning 


*Loc. Cit. Note 3. 
«Loc. Cit. Note 2. 
7Loc. Cit. Note h 
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during the past few years, there still remain those who believe in a 
superior, stimulating quality of outdoor air (particularly country, moun- 
tain and seashore air) under ideal weather conditions, as compared with 
properly conditioned air. While this point of view is usually held by 
persons not intimately acquainted with the complicated factors involved 
they nevertheless carry some weight. It is apparent, however, to anyone 
acquainted with the factors involved and the conditions effecting comfort 
that in modern air conditioning, like in most other branches of engineering, 
modern science makes it possible to control the phenomena of nature for 

Table 1. Minimum Outdoor Air Requirements to Remove Objectionable 

Body Odors^ 


Type op Occupants 


Air Space per Outdoor Air Supply 
Person Cu Ft cpm per Person 


Heating season with or without recirculation. Air not conditioned. 


Sedentary adults of average socio-economic status — 100 

Sedentary adults of average socio-economic status 200 

Sedentary adults of average socio-economic status — 300 

Sedentary adults of average socio-economic status 500 


Laborers 200 


Grade school children of average class.. 
Grade school children of average class.. 
Grade school children of average class.. 
Grade school children of average class.. 

Grade school children of poor class 


Grade school children of better class.. 
Grade school children of best class 


Heating season., Air humidified by means of centrifugal humid/ifier. Water 
atomization rate 8 to 10 gph. Total air circulation 30 cfm per person. 


Sedentary Adults.. 


Summer season. Air cooled and dehumidified by means of a spray dehumidifier. 
Spray water changed daily. Total air circulation 30 cfm per person. 


Sedentary Adults 200 <4 


the service and comfort of man beyond any possibilities found in nature 
itself. When the requirements for optimum comfort as determined by 
the atmospheric environment are known (and the comprehensive studies 
to date lead us to believe that they are known at least to a high degree), 
the air conditioning engineer can supply these requirements indoors to 
the same perfection as may accidentally be found at times outdoors and 
keep them under control. The freedom of movement, action and thought, 
together with the variability of stimulae experienced by persons under 
ideal conditions in the country, mountains or seashore, and the psycholog- 
ical effect of these wide open spaces undoubtedly have some stimulating 

*Loc. Cit. Note 3, p. 156. 


44 













CHAPTER 2. PHYSIOLOGICAL PRINCIPLES 


effect, which when compared with the monotony of confinement indoors 
even in the most favorable atmospheric environment accounts for the 
contrast. Ultra-violet light and ionization have been suggested but the 
evidence so far is inconclusive or negative®. 

Ozone has been used with success for the destruction of micro-organisms 
(molds) in meat packing establishments and the like; and where con- 
siderable amounts of organic effluvia are present it may be useful as a 
deodorant. For ordinary ventilation practice, however, neither of these 
purposes can be usefully attained, since the concentration of ozone 
necessary for effectiveness would be likely to transcend the limit of com- 
fort in ordinary occupied rooms. While ozone has been used in the 
treatment of certain diseases, there is no evidence that it has a tendency 
to increase comfort or to benefit health under conditions of normal human 
occupancy. The allowable concentrations in the breathing zone are very 
small, between 0.01 to 0.05 ppm parts of air. These are much too small 
to influence bacteria. Higher concentrations are associated with a 
pungent unpleasant odor and considerable discomfort to the occupants. 
One part per million causes respiratory discomfort, headaches, depression, 
a lowering of the metabolic rate and may even lead to coma^®. 

PHYSICAL IMPURITIES IN AIR 

Dust particles of various types, when present in considerable con- 
centrations, produce an irritant effect upon the mucous membranes of 
nose and throat and may be associated with high prevalence of acute 
respiratory diseases such as bronchitis and pneumonia. ^ Dust which 
contains free silica has special harmful effects, causing a primary disease 
of the lungs (silicosis) 2 Lnd predisposing the victim in a high degree to 
tuberculosis. These, however, are special problems of industrial hygiene 
which will not be discussed in detail in this chapter. 

A certain part of the dissemination of disease in confined spaces is 
caused by the emission of pathogenic organisms from infected persons. 
Droplets sprayed into the air in talking, coughing, sneezing, etc., do not 
all fall immediately to the ground within a few feet from the source, as was 
formerly believed. The large droplets do, of course, but minute droplets 
less than 0.1 mm in diameter evaporate to dryness before they fall the 
height of a man. Nuclear residues from suc^ sources, which may contain 
infective organisms drift long distances with the air currents and the 
virus may remain alive long enough to be transmitted to other persons 
in the same room or building. Droplet nuclei have been recovered from 
cultures of resistant micro-organisms a week after innoculation into a 
tight chamber of 3000 cu ft capacity, although the majority of disease 

•A.S.H.V.E. Research Report No. 921 — Changes in Ionic Content in Occupied Rooms, Ventilated by 
Natural and Mechanical Methods, by C. P. Yaglou, L. C. Benjamin and S. P. Choate ^.S.H.V.E. Trans- 
actions, Vol. 38. 1932, p. 191). A.S.H.V.E. Research Report No. 965— Physiologic Changes During Ex- 
posure to Ionized Air, by C. P. Yaglou, A. D. Brandt and L. C. Benjamin (A.S.H.V.E. Transactions, Vol. 
39. 1933, p. 367). A.S.H.V.E. Research Report No. 986 — Diurnal and Seasonal Variations in the Small Ion 
Content of Outdoor and Indoor Air, by .C. P. Yaglou and L. C. Benjamin (A.S.H.V.E. Transactioits, 
Vol. 40, 1934, p. 271). The Nature of Ions in Air and Their Possible Physiological Effects, by L. B. Z-oeb 
(A.S.H.V.E. Transactions, Vol. 41, 1936, p. 101). The Influence of Ionized Air upon Normal Subjects, by 
L. P. Herrington {Journal Clinical Investigation, 14, January, 1936). The Effect of Hi^ Concentiations 
of Light Negative Atmospheric Ions on the Growth and Activity of the Albino Rat, by L. P. Herrin^n 
and Karl L. Smith (Journal Ind. Hygiene, 17, November, 1935). Subjective Reactions of Human 
to Certain Outdoor Atmospheric Conditions, by C.-E. A. Winslow and L. P. Herrington (A.S.H.V.E. 
Transactions, Vol. 42, 1936, p. 119). 

^The British Medical Journal, Eklitorlal, June 26, 1932, p. 1182. See also Loc. Cit. Note 9. 
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germs died out within a few hours’^h Practical epidemiological evidence 
indicates that the danger of such atmospheric transmission is slight with 
the bacterial diseases but may be appreciable with the diseases caused by 
the much smaller viruses. Avoidance of overcrowding is a major factor 
in avoiding such dangers. The microbic concentration in the atmosphere 
may be reduced by air change, but since the rate of contamination may 
be great at local points over short periods of time the hazardous concentra- 
tion may not be eliminated quickly enough and may even be spread over 
larger areas by local drafts. The possibility of sterilizing the air supply 
at the source, or destroying the micro-organisms at their point of admis- 
sion to the air by ultra-violet light is being studied and offers considerable 
promise^^. 

While in some instances it may be possible to reduce the physical 
impurities of the air by dilution from a non-contaminated source, such 
non-contaminated sources are rarely available. Frequently the outside 
air contains a higher concentration of physical impurities than that within 
an enclosure. ^ Therefore, it is usually desirable to reduce the concentra- 
tion of physical impurities by air cleaning methods, as discussed in 
Chapter 29. 


THERMAL INTERCHANGES BETWEEN THE BODY 
AND ITS ENVIRONMENT 


The importance of the thermal factors arises from the profound in- 
fluence which they exert upon body temperature, comfort and health. 
Body temperature depends upon the balance between heat production 
and heat loss. The heat resulting from the oxidation which occurs within 
the body (metabolism) maintains the body temperature well above that 
of the surrounding air in a cool or cold environment. At the same time, 
heat is constantly lost from the body by radiation, convection and 
evaporation. Since, under ordinary conditions, the body temperature is 
maintained at its normal level of about 98.6 F, the heat production must 
be balanced by the heat loss. 

In conditioning air for comfort and health it is necessary to know the 
rate of sensible and latent heat liberation from the human body, which in 
conjunction with other heat loads (see Chapters 4, 6 and 7) determines the 
capacity required for proper conditioning. The data in common use are 
those of the A.S.H.V.E. Research Laboratory^®. 

The fundamental thermodynamic processes concerned in heat inter- 
changes between the body and its environment may be described by 
the equation : 

Infection and Sanitary Air Control, by W. F. Wells {Journal Industrial Hygiene, November* 


“Sanitary VentUalion in Wpds, by W. F. WeUs {Heating and Ventilaiing, April, 1939, p. 26). Measure- 
ment of Sanitary Ventilation, by W, F. WeUa {American Journal of Public Health, Vol. 1938, p. 343). 

■D Moisture Losses from the Human Body and Their 

Rela<gn to ^ Conditioning Problems, by F. C. Houghten, W. W. Teague, W. E. MiUer and W. P. Yant 
Trai^ctions, Vol. 1929, p. 245). Thermal Exchanges Between the Human Body and 
Its Atmo^h^c Environment, by F. C. Houghten, W. W. Teague. W, E. MiUer and W. P. Yant {A^^n 
Journal of PAywology, Vol. 88, 1929, p. 386). A.S.H.V.E. Research Report No. 908— Heat and MoiaSme 

!>?■.?• C. Houghs. W. W. 


'Tr®'F*C^S5r?teSTndM°^ No. 1106--Air^ndmo^g in Industry, by W. L. Fleishcr, A,* E. Stacey*, 
Jr., F. C. Houghten and M. B. Ferderber (A.S.H.V.E. Traitsactions, Vol. 46, 1939, p. 69). 
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where 

M = rate of metabolism. 

5 — rate of storage. 

E = rate of evaporative heat loss. 

R = rate of radiative heat loss or gain. 

C = rate of convective heat loss or gain. 

Factor M, the rate of metabolism, is always positive. The storage, 5, 
may be either positive or negative, depending upon whether heat is being 
stored or given off, accompanied by a rise or fall in body^ temperature. 
Under ordinary circumstances (when the dew-point of the air is below the 
body surface temperature) the evaporation loss, E, is always positive; 
that is, heat from metabolism supplies this loss. R and C are positive 
when the surface temperature of the body is above that of the walls and 
air, and negative when it is cooler. 

The human body possesses remarkable powers of adaptation to a 
narrow range of atmospheric conditions around an ideal optimum where 
storage is zero, and metabolism and skin and tissue temperature are at 
optimum values. As skin temperature and body-tissue temperature rise 
or fall above or below an optimum, complex adaptive mechanisms come 
into play, chiefly associated with redistribution of blood supply between 
the skin and deeper tissues (in a cold environment) and with sweat 
secretion (in a hot environment). Under cold conditions, the need for 
more heat and shivering or other muscular movements increase meta- 
bolism, which is, again, a reaction favorable to temperature regulation; 
but under very hot conditions metabolism also rises and this reaction is 
obviously harmful and indicates a balance of purely chemical oyer 
phsysiological control^^ resulting from increased chemical reactions with 
rise in temperature. In other words, it represents a breakdown or failure 
of the entire regulative processes. These, reactions are governed by 
nervous or chemical stimuli from both skin and internal tissues. Nerves 
from the skin, for example, carry the sense impressions to the brain and 
the response comes back over another set of nerves, the motor nerves, 
to the musculature and to all the active tissues in the body, including the 
endocrine glands. In this way, a two-sided mechanism controls the body 
temperature by (1) regulation of internal heat production (chemical 
regulation), and (2) regulation of heat loss by means of automatic varia- 
tion in the rate of cutaneous circulation and the operation of the sweat 
glands (physical regulation). The reactions involved in cold and in hot 
environments are on the whole radically different in nature. The mech- 
anisms of adjustment involved are extremely complex and while they 
are receiving considerable study a complete understanding of their 
operation is still lacking. 

In a certain middle range, normal and easy physiological regulation 
occurs by slight changes in Sie distribution of blood carrying heat between 
the skin and the inner organs, resulting in slight chang^ in the body 
surface temperature, and hence, in the rate of heat dissipation to the 
atmosphere. This easy balance gives a sensation of comfort. Above this 


“Ix)C. Cit. Note 13. 
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range, the blood capillaries near the surface become dilated, allowing more 
blood and heat to flow into the skin, and thus increase its temperature and 
consequently its heat loss. If this method of cooling is not in itself 
sufficient, the stimulus is extended to the sweat glands which allow water 
to pass through the surface of the skin. This method of cooling is the most 
effective of all, as long as the vapor pressure and dew-point temperature 
of the air are sufficiently low to aUow for evaporation. In high humidities, 
where the difference between the dew-point temperature of the air and 
body temperature is not sufficient to allow rapid evaporation, increase in 
heat loss may be had by increasing air movement. The body, under hot 
conditions, is in the zone of evaporative regulation, and for moderately 
extreme conditions perfect balance between heat production and heat loss 
may be attained, although at the cost of considerable discomfort. 

In a cold environment, where environmental conditions are such as to 
remove heat too rapidly, the organism adapts in some degree by con- 
stricting the blood vessels leading to the surface, thereby reducing the 
blood flow and heat available for dissipation to the environmental sur- 
roundings. This adaptation is, however, partial and incomplete, and in 
an environment too cold for the clothing worn the temperature of the 
body tissues may fall, with accompanying discomfort and ultimate danger 
of serious chill. The process may go on for hours. The individual may 
move about and increase metabolism through muscular activity and thus 
balance the excessive heat demand of the environment, or he may reduce 
the loss by greater insulation of his body in the form of clothing. 

Some of these phenomena which are important are shown graphically 
in Fig. 1. The dotted curves, from a study at the John B, Pierce Labora- 
tory of Hygiene^^y are for subjects lightly clothed in a semi-reclining 
position and give the relation between the dry-bulb temperature of the 
environment (with about 45 per cent relative humidity) and the metabolic 
rate, the rate of heat dissipation by radiation and convection combined, 
and the latent heat loss due to 'evaporation of, perspiration and moisture 
from the respiratory tract. The smooth line curves, from the work of the 
A.S.H.V.E. Research Laboratory^®, give the same relationships for 
healthy, male subjects (18 to 24 years of age), seated at rest and normally 
clothed for winter-heated and air conditioned occupancy. The data for 
the semi-reclining subject also include the rate of heat storage (either 
positive or negative) due to a rise or fall in body temperature. For the 
normally clothed subjects a curve gives the total heat loss (that is, the 
sum of the radiation, convection and evaporative losses). Here, storage 
is given by the difference between the metabolism and total heat loss. 

The small difference between the metabolic or heat production rates for 
the two types of subjects may be accounted for by the difference in activity. 
Heat exchange between the body and the environment by radiation and 
convection is greater for the lightly clothed subject, both for cool con- 
ditions where tiiere is considerable heat loss, and for very warm conditions 
where there is a sensible transfer from the atmosphere to the body. The 
two curves for evaporative loss serve to show how physiological control 


»A.S.H.V.E. Research Report No. 1107 — Recent Advances in Physiological Knowledge and Their 
Bearing on Ventilation Practice, by C.-E. A. Winslow, T Bedford, E F. DuBois, R. W. Keeton, A. Miaaen- 
ard, R. R. Sayers and C. Tasker. (A.S.H.V.E. Transactions, Vol. 45, 1939, p. 111). 

“Loc. Cit. Note 13. 
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uses evaporation of perspiration to maintain equilibrium, particularly at 
high temperatures. Below about 75 F for the normally clothed subject, 
and below about 85 F for the lightly clothed subject, evaporation loss is 
minimal and probably due to uncontrolled evaporation from the relatively 
dry skin and from the respiratory tract. Above these temperatures con- 
trol is had by availability of perspiration for evaporation. The difference 
in the curves above 75 F is probably largely determined by the difference 
in clothing and activity. Above temperatures from 95 to 100 F (probably 
that of the average outside surface of the clothed body) radiation and 
convection combined changes from positive to negative, and slightly 
above this temperature even the greatly increased latent heat loss ceases 
to suffice to take care of the rate of heat production and the negative 


A.S H V E evaporation 



DRY-BULB TEMPERATURE, DEG FAHR (AT 45 PER CENT RELATIVE HUMIDITY) 

Fig. 1. Relation Between Metabolism, Storage, Evaporation, Radiation Plus 
Convection, and Operative Temperature for the Clothed Subject 


radiation and convection loss, and storage or a rise in body temperature 
is the consequence. Above tlais range, even though there is inability to 
dissipate heat rapidly enough, metabolism actually increases, which may 
be accounted for by the predominance of the purely chemical laws of 
increased chemical reaction with rise in temperature, over physiological 
control, and indicates the point where a breakdown in thermal equilibrium 
begins. For higher temperatures life can only survive to the point where 
these accelerated processes will result in a rise in body temperature to the 
limiting level of from 106 to 108 F. 

Air movement is an important factor in increasing heat loss by either 
convection or evaporation. The result is accomplished through removal 
of hot humid air from near the body surface and replacing it with cooler 
and relatively drier air.. This is an important factor in maintaining 
thermal equilibrium either for persons at rest or at work in hot, humid 
conditions. For conditions in the comfort zone and below, excessive 
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velocities (particularly localized drafts) should be avoided since dif- 
ferential cooling of one area of the body may produce surprisingly un- 
pleasant reactions in quite different parts of the body. In a recent 
experiment^’ it was shown that the application of an ice pack to an area 
of 60 sq cm on the back of the neck for 15 min caused a drop of 17 F in 
the skin temperature of the fingers and that this low temperature of the 
fingers persisted for one hour after the ice pack was removed. 

ADAPTATION TO HOT CONDITIONS 

It will be observed from Fig. 1 that a zone ranging from about 70 to 
80 F, at 45 per cent relative humidity (or from 66 to 74 deg ET) the body 
is adequately able to maintain equilibrium through control of radiation 
and convection losses combined, and evaporative loss. This corresponds 
to the zone over which the largest percentage of persons find optimum 
comfort. For higher temperatures, up to an upper limit in the neighbor- 

Table 2. Physiological Responses to Heat of Men at Rest and at Work^ 


Erracnvn 

Tmcp 

Actual 

Chxu&k 

Temp 

(Duo 

Fahb) 

Men at Rest 

Men at Work 

90,000 PT-LB OP Work per Hour 

Risem 

Rectal 

Temp 

Increase 
in Pulse 
> Bate 
(Beats per 
M^per 

Approrimate 
Loss m Body 
Weight by 
Perspiration 
(Lb per Hr) 

Total Work 
Aocomplished 
(Pt-lib) 

Rise in 
Body Temp 
(Deg Fahr 
per Hr) 

Increase in 
Pulse Rate 
(Beats Mr 
Min per Hr) 

Approximate 
Loss in Body 
Wt by Per- 
spiration 
(Lb per Hr) 

60 





225,000 

0.0 

6 

0.5 

70 


0.6 

0 

6.2 

225,000 

0.1 

7 

0.6 

80 

96~1 

0.0 

0 

0.3 

209,000 

0.3 

11 

0.8 

85 

96.6 

0.1 

1 

0.4 

190,000 

0.6 

17 

1.1 

90 

97.0 

0.3 

4 

0.5 

153,000 

1.2 

31 

1.5 

95 

97.6 1 

0.9 . 

IS 

0.9 

102,000 

2.3 

61 

2.0 

100 

99.6 

2.2 

40 

1.7 

67,000 

4.0b 

103b 

2.7b 

105 

104.7 

4.0 

83 

2.7 

49,000 

6.0b 

158b 

3.5b 

110 


5.9b 

137b 

4.0b 

37,000 

8.5b 

237b 

4.4b 


ikData by A S.H.V.E. Research Laboratory. 

bComputed value from exposures lasting less than one hour. 

hood of 100 F, at 45 per cent relative humidity (or approximately 87 deg 
ET) control is had through availability of perspiration on the body surface 
for evaporation. While a fair degree of temperature equilibrium is main- 
tained over this range it is nevertheless had with considerable discomfort. 

Studies at the John B, Pierce Laboratory of Hygiene^ have indicated 
the relation between discomfort and the degree of wetting of the body 
surface by perspiration for lightly clothed subjects in a semi-reclining 
position, and the investigators there have designated this as the zone of 
evaporative regulation. Work of the A.S.H.V.E. Research Laboratory^® 


"'The Relative Influence of Radiation and Convection Upon the Temperature Regulation of the Clothed 
Body, by C.-E. A. Winslow, L. P. Herrington and A. P. Gagge {American Jottmal of Physiology ^ Vol. 124, 
October, 1938, p. 51), 

“Relations Between Atmospheric Conditions, Physiological Reactions, and Sensations of Pleasantness, 
by C.-E. A. Winslow, L. P. Herrington and A. P. Ckigge {American Journal of Hygiene, Vol. 26, July, 1937* 
p. 102). The Reactions of the Clothed Human Body to Variations in Atmospheric Humidity, by C.-E. A. 
Winslow, L. P. Herrington and A, P. Gagge {American Journal of Physiology, Vol. 124, December, 19^, 
p. 692). 

“Loc. Cit, Note 13. 
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over the past two decades has made available data on the relation between 
sensible perspiration and the atmospheric environment for normal persons 
at rest and at work. 

For colder conditions below 70 'F, with 45 per cent relative humidity 
(or about 66 deg ET) thermal equilibrium is maintained, first, by the 
amount of clothing worn; second, and to a smaller extent, by limiting 
availability of heat at the surface by decreasing peripheral blood circu- 
lation, which results in a drop in skin temperature; and third, by an 
increase in the metabolic rate. Here again, while thermal equilibriuni is 
fairly well maintained, any drop in the skin temperature is accompanied 
by a certain degree of discomfort. 

Studies at the A.S.H.V.E. Research Laboratory^^ and elsewhere^^ during 
the past two decades have made available a mass of information dealing 
with the physiological effects of hot atmospheres on workers and means 
to alleviate the distress and hazards associated therewith. This interest 
has been termed air conditioning in industry^ or the effects of hot atmospheres 
in industrial hygiene, and is a growing factor in air conditioning applica- 
tions. Table 2 gives some of the physiological responses of men at rest 
and at work, to hot environments. Recent physiological studies^ indicate 
that frequent and continued exposure of workers to hot environments 
results in not only violent but subtle physiological derangement, affecting 
the leucocyte count of the blood and other factors dealing with man’s 
mechanism of defense against infection. 

Another of the deleterious effects of high temperatures is that the blood 
is diverted from the internal organs to tie surface capillaries, in order to 
serve in the process of cooling. This affects the stomach, heart, lungs and 
other vital organs, and it is suggested that the feeling of lassitude and 
discopifort experienced is due in part to the anaemic condition of the 
brain. The stomach loses some of its power to act upon the food, owing to 
a diminished secretion of gastric juice, and there is a corresponding loss 
in the antiseptic and antifermentive action which favors the growth of 
bacteria in the intestinal tract^®. These are considered to be the potent 


aoA.S.H.V,E. Research Report No. 654 — Some Physiological Reactions to High Temperatures and 
Humidities, by W. J. McConnell and F. C, Houghten (A.S.H.V.E Transactions, Vol. 29, 1923, p. 129). 
A.S.H.V.E. Research Report No. 672 — Further Study of Physiological Reactions, by W. J. McConnell, 
F. C. Houghten and F. M. Phillips (A.S.H.V.E. Transactions, Vol. 29, 1923, p. 363). A.S.H.V.E. 
Research Report No. 690 — Air Motion, High Temperatures and Various Humidities — Reactions on 
Human Beings, by W. J. McConneU, F. C. Houghten and C. P. Yaglou (A.S.H.V.E. Transactions, Vol. 
30, 1924, p. 167), A.S.H,V.E. Research Report No. 718 — ^Work Tests Conducted m Atmospheres of 
High Temperatures and Various Humidities in Still and Moving Air, by W. J. McConnell and C. P. Yaglou 
(A.S.H.V.E. Transactions, Vol. 31, 1925, p. 101). A.S.H.V.E. Research Report No 719— 
Metabolism Before and After Exposure to High Temperatures and Various Humidities, by W. J. McCon- 
nell, C. P. Yaglou and W. B. Fulton (A.S H.V.E. Transactions, Vol. 31, 1925, p. 123). A.S.H.y.E. 
Research Import No. 908 — Heat and Moisture Losses from Men at Work and Application to Air Con- 
ditioning Problems, by F. C. Houghten, W. W. Teague, W. E. MiUer and W. P. Yant (A.S.H.V.E. Trans- 
actions, Vol. 37, 1931, p. 541). A,S.H.V,E. Research Report No. 1106— Air Conditioning m Industry- 
Physiological Reactions of Individual Workers to High Effective Temperatures, by W. L. Fleisher, A. E. 
Stacey, Jr., F. C. Houghten and M. B. Ferderber (A.S.H.V.E. Transactions. Vol. 45, 1939, P- 5^. 
A.S.H.V.E. Research Report No. 1163 — Seasonal Variation in Reactions to Hot Atmospheres, by F. C. 
Houghten. A. A. Rosenberg and M. B. Ferderber (A.S.H.V.E. Transactions, Vol. 46, 1940, p. 185). 
Physiologic Effects of Hot Atmospheres, by F. C. Houghten, M. B. Ferderber and A. A. Rosenberg 
(Industrial Medicine, January, 1940, p. 7). 

S1A.S.H.V.E. Research Report No. 1151— The Peripheral Type of Circulatory Failure in Experi- 
mental Heat Exhaustion, by R. W. Keeton. F. K. Hick, Nathaniel GUckman and M. M, Montgomery 
(A.S.H.V.E. Transactions, Vol. 46, 1940, p. 157). 

“A.S.H.V.E. Research Report No. 1153 — Seasonal Variation in Reactions to Hot Atmospheres, by 
F. C. Houghten, A. A. Rosenberg and M. B. Ferderber (A.S.H.V.E. Transactions, Vol. 46, 1940, p. 185). 

«Influenjce of Effective Temperature upon Bactericidal Action of (Jastro-Intestinal Tract, by Arnold and 
Brody (Proceedings Society Exp, Btol. Med., Vol. 24, 1927, p. 832). 
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factors in the increased susceptibility to gastro-intestinal disorders in hot 
summer weather. 

In warm atmospheres, particularly during physical work, a considerable 
amount of chloride is lost from the system through sweating. The loss of 
this substance may lead to attacks of cramps, unless the salts are replaced 
in the drinking water. In order to relieve both cramps and fatigue, it 


Table 3. Relation Between Metabolic Rate and Activity^ 


Actiyitt 

Houblt 
Mstabolic 
Hath for Avo 
Person OR 
Total Heat 
Dissipated, 
Btu PER HOUR 

Hourly 
Sensible 
Heat Dis- 
sipated, 
AT 79 F, 
Btu per 
Hour 

Hourly 
Latent 
Heat Dis- 
sipated, 
AT 79 F, 
Btu per 
Hour 

Moisture 

Dissipated 

PER Hour 

PER Person 


Grains 

Pounds 

Rapal 

291 

145 

146 

978 

0.140 

at RMt _ 

384 

225 

169 

1072 

0.153 

Reading Aloud (Seated) - 

420 

225 

195 

1315 

0.188 

Standing at Rest 

431 

225 

206 

1389 

0.198 

Hand Sewing (Seated) 

441 

225 

216 

1457 

0.208 

Knitting 23 stitches per minute on Sweater. — 

462 

468 

482 

225 

225 

225 

237 

243 

257 

1598 

1639 

1733 

0.228 

0.234 

0.248 

Tailor 

Singing . 

486 

225 

261 

1760 

0.251 

Office Worker Moderately Active. 

490 

225 

265 

1787 

0.255 

Light Work Standing 

549 

225 

324 

2185 

0.312 

Typewriting Rapidly. 1 

558 

225 

333 

2246 

0.321 

Troninjr with Ih iron 

570 

225 

345 

2326 

0.332 

Dishwashing — Plates, Bowls, Cups and Saucers 
Clerk Moderately Active Standing at Counter.. 

Rook RiTiHf^r 

600 

600 

626 

225 

225 

225 

375 

375 

401 

2529 

2529 

2704 

0.361 

0.361 

0.386 

Shoemaker. 

661 

225 

436 

2940 

0.420 

Sweeping Bare Floor 38 Strokes per Minute 

Pnol Playf^r. 

672 

680 

229 

230 

443 

450 

2987 

3055* 

0.427 

0.434 

Wflllring’ 2 mphj T.ight Danringr 

761 

250 

511 

3446 

0.492 

T.ighr TVTp^tal Wnrk<»r (at Rpnrh) 

862 

277 

585 

3945 

0.564 

P?iintf»r of Furniture (at Benrh) _ ^ _ 

876 

280 

596 

4019 

0.574 

Carpenter 

954 

307 

647 

4363 

0.623 

Rest^i^irant Servin£^ _ . 

1000 

325 

675 

4552 

0.650 

Polling Weight 

1041 

335 

708 

4774 

0.682 

Waiting mph . 

1050 

339 

711 

4795 

0.685 

Walking 4 mph, Active Dancing, Roller Skating 

Waiting Down Stairs _ 

1390 

1444 

452 

467 

938 

977 

6325 

6588 

0.904 

0.941 

0.968 

Stone Mason 

1490 

485 

1005 

6777 

Bowling- 

1500 

490 

1010 

6811 

0.973 

Man Sawing Wood 

Swimming . . 

1800 

1986 

590 

1210 

8160 

1.166 

Running 5.3 naph 

2268 





Waiting mph 

2330 





Walking Very Fast 5.3 mph 

2580 





Waiting TTpstairs... 

4365 





Maximum Exertion Different People 

3000-4800 








i 



axhese metabolic rates were compiled by the A.S.H.V.E. Research Laboratory from actual tests, from 
other au^oritative sources, and from estimates based upon various considerations. Division of the total 
heat dissipation into latent and sensible rates is based on actual test data and on various considerations for 
metabohc rates up to 1250 Btu per hour, and extrapolated for higher rates. Values for total heat dissipa- 
tion for a pers 9 n at rest apply for a dry-bulb temperature range from approximately 60 to 90 F; for other 
than rest conditions the v^ues apply for a similar but lower temperature range. Below these temperature 
ranges metabolic rates and total rates of heat dissipation increase, while above these ranges metabolic rates 
increase slightly and total heat dissipation rates decrease rapidly. Division of total dissipation rates into 
sensible and latent heat holds only for a dry-bulb temperature of 79 F. For lower temperatures, sensible 
heat dissipation increases and latent heat decreases, while for higher temperatures the reverse is true. 
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is recommended that 6 g of sodium chloride and 4 g of potassium chloride 
be added to a gallon of water^. 

The deleterious physiologic effects of high temperatures exert a power- 
ful influence upon physical activity, accidents, sickness and mortality. 
Both laboratory and field data show that physical work in warm atmos- 
pheres is a great effort, and that production falls progressively as the tern- 
perature rises. The incidence of industrial accidents reaches a minimum 
at about 68 F, increasing above and below that temperature. Sickness 
and mortality rates increase progressively as the temperature rises. 

The need of air conditioning for workers in hot industries is growing 
rapidly and this should become an important field for the air conditioning 
engineer. The hot conditions may be remedied by any of the recognized 
comfort cooling applications. The choice of the type of system and cycle 
to be used in a given instance must be determined by the air conditioning 
engineer after a study of surrounding conditions. 

In some hot industries where a small number of workers are engaged in 
spaces of large volumetric capacity the worker himself, rather than the 
entire environment, can be cooled by either placing him in a small cooled 
and ventilated booth, by blowing cooled air over him, or by circulating 
cooled air through a loose-fitting suit.^® 

RELATION OF AIR CONDITIONING NEEDS TO METABOLISM 

The major objective of heating and ventilation is to balance heat losses 
from the human body. The basic factor is metabolism. The desirable 
environment, from the standpoint of heat loss, depends directly on the 
heat produced in the body and this heat may be over ten times as great 
when a man is exercising violently as when he is reclining and at rest. 
Therefore, there is no absolute optimum of air temperature or other 
environmental conditions, which will meet all cases. With moderate, 
(45 per cent) relative humidity and minimum air movement, an air tem- 
perature of 80 F has been found ideal for the lightly clothed subject at 
rest in a semi-reclining position, while normally clothed, healthy persons 
have been found comfortable at 72 and 77 F with 45 per cent relative 
humidity (or 67 and 71 deg ET, respectively) for winter and summer 
conditions. In factories where light work is performed in summer time, 
the ideal has been found to be about 76 F. For children (who have a high 
metabolism) at school, in winter clothing, 70 F has been considered 
correct; while in a gymnasium, 55 F has been recommended. 

The wide variations in metabolic activities with which the engineer 
must be prepared to cope and the influence of such variations in metabo- 
lism on the heat load contributed by the human body to the environment 
are given in Table 3 and in Figs. 2, 3 and 4. It should be noted that 
metabolism and heat dissipation values are proportional to the body 
surface areas of the persons considered, and that the data referred to are 
only for persons having an average surface area of 19.5 sq ft or that of the 


wSome EfEects of High Air Temperatures Upon the Miner, by K. N. Moss {Transactions Institute of 
Mintng Engineers, Vol. 66, 1924. p 284). 

“A.S.H.V.E. Research Report No. 1188 — ^Local Cooling of Workers in Hot Industry, by F. C. Hough- 
ten, M. B. Ferderber and Carl Gutberlet (A.S H.V.E. Transactions, Vol. 47, 1941, p. 403). 
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average adult American male, 5 ft 8 in. in height and weighing 150 lb, and 
will therefore not apply to many audiences made up largely of women or 
younger persons. Fig. 5, taken from the work of Du Bois^® gives the 
relation of body surface area to height and weight, which may serve to 
correct the data for other audiences than adult men. The curves in the 
figures are based on certain averages of test results with different humidi- 
ties, and are sufficiently accurate for most practical applications. Where 



30 40 50 60 70 80 90 100 110 

EFFECTIVE TEMPERATURE DEG 


Fig. 2. Relation Between Total Heat Loss from the Human Body and 
Effective Temperature for Still Air® 

aCurve A — Persons working so as to have a metabolic rate of 1310 Btu per hour. Curve B — Persona 
working so as to have a metabolic rate of 860 Btu per hour. Curve C — Persons working so as to have a 
metabolic rate of 660 Btu per hour. Curve iO— Persons seated at rest, or with a metabolic rate of 400 Btu 
per hour. Curves B and D based on teat data covenng a wide temperature range. Curves A and C based 
on test data at an Effective Temperature of 70 deg and extrapolation of Curves B and D, All curves are 
averages of values for hi^h and low relative humidities which apply with satisfactory accuracy for most 
considerations. For special problems reauiring a higher degree of accuracy see more detailed A.S.H.V.E. 
Research Laboratory reports. 


greater precision in the applications of the results is required, or for 
extreme variations in temperature and humidity, the reports^ covering 
the A.S.H.V.E. Laboratory work may be consulted. 

The curves in Figs, 2, 3 and 4, and proper interpolation between these 
curves make it possible to apply the data to persons engaged in any type 


asDuBois, D. and E. F. (Archives of Internal Medicine, 1916, Vol. 18, p, 865). 
"Loc. Cit. Note 13. 
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30 40 50 60 70 80 90 100 

DRY-BULB TEMPERATURE DEG FAHR 

Fig. 3, Relation Between Sensible Heat Loss from the Human Body and 
Dry-Bulb Temperature for Still Air^ 



Fig. 4. Latent Heat and Moisture Loss from the Human Body by Evaporation, 
IN Relation to Dry-Bulb Temperature for Still Air Conditions^ 

a^Loc. Cit. See footnote a, Fig. 2. 
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Fig. 5. Chart for Determining Surface Area of Individuals for 
Height and Weight Given 


of work or physical activity, providing the resulting metabolic rate is 
known. As an example, if it is found that a certain type of work results 
in a metabolic rate of approximately 760 Btu per hour for an average 
person working in an atmosphere of 70 ET, then his total rate of heat 
dissipation to atmospheres of various temperatures will be approximately 
as given by the broken-line curve in Fig. 2. The broken line curves in 
Figs. 3 and 4 give the rate of sensible and latent heat dissipation of the 
person for different dry-bulb temperatures. 

ACCUMATIZATION 

Acclimatization and the factor of psychology are two important 
influences in air conditioning which cannot be ignored. The first is man’s 
ability to adapt himself to changes in air conditions; the second is an 
intangible matter of habit and suggestion. 

Some persons regard the unnecessary endurance of cold as a virtue. 
They believe that the human organism can adapt itself to a wide range 
of air conditions with no apparent discomfort or injury to health. In the 
light of present knowledge of air conditioning these views are not justified. 
Acclimatization to extreme conditions involves a strain upon the heat 
regulating system and interferes with the normal physiologic functions of 
the human body. Thousands of years in the heat of Africa do not seem 
to have acclimatized the Negro to a temperature exceeding 80 F. The 
same holds true of northern races with respect to cold, although the 
effects are mitigated by artificial control. An environment averaging 
64 F for the 24-liour period has been indicated as associated with minimal 
mortality^®. 

Within limits, however, there does occur a definite adaptation to ex- 


“Civilization and Climate, by Ellsworth Huntington, Yale University Press* 1928, 

56 



CHAPTER 2. PHYSIOLOGICAL PRINCIPLES 


ternal temperature level. People and animals raised under conditions of 
tropical moist heat stand chilling poorly as they are unable quickly to 
increase internal combustion to keep up the body temperature. For this 


A. S. H. V. E. COMFORT CHART FOR STILL AIR 


Air movement or turbulence 15 to 25 ft per min 


Copyright 1943 




mmmm 


Per cent of subjects Optimum winter comfort line 

I I I /////I Average summer comfort zone 

Optimum summer comfort line 


DRY BULB TEMPERATURE, DEG FAHR 
Fig. 6. A.S.H.V.E. Comfort Chart for Still Air 

Note . — Both summer and winter comfort zones apply to inhabitants of the United States only. Applica- 
tion of winter comfort line is further limited to rooms heated by central station systems of the convection 
type. The line does not apply to rooms heated by radiant methods Application of summer comfort hue 
is limited to homes, offices and the Uke, where the occupants become fully adapted to the artificial air con- 
ditions. The line does not apply to theaters, department stores, and the like where the exposure is less than 
3 hours. The optimum summer comfort line shown pertains to Pittsburgh and to other aties in the northern 
portion of the United States and Southern Canada, and at elevations not in excess of 1000 ft above sea level. 
An increase of one deg ET should be made approximately per 6 deg reduction in north latitude. 

reason they have trouble standing the cold, stormy weather of the tem- 
perate zones, and when exposed to it are very susceptible to respiratory 
infections. Likewise, people living in cool climates suffer greatly in the 
moist heat of the tropics until their adaptive mechanism has been adjusted. 
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Within a few years, however, they find themselves reacting as natives 
to the new environment. 

The adaptive level changes somewhat with the season^®. There are also 
marked differences between the sexes. In the cold zone the thickness of 
thermal insulating tissues of women is almost double that of men, although 
the sensory responses to cold are similar. In the hot zone, the threshold 
of sweating and skin temperature levels are higher for women. 

Finally, the thickness and insulating value of the clothing worn is an 
important factor in the determination of the comfort level. 



Fig. 7. Relation Between Effective Temperature and Percentage 
Observations Indicating Comfort 


EFFECTIVE TEMPERATURE INDEX 

Sensations of warmth or cold depend, not only on the temperature of 
the surrounding air as registered by a dry-bulb thermometer, but also 
upon the temperature indicated by a wet-bulb thermometer, upon air 
movement and upon radiation effects. Dry air at a relatively high 
temperature may feel cooler than air of considerably lower temperature 
with a high moisture content. Air motion makes any moderate condition 
feel cooler. Radiation to cold or from warm surfaces is another important 
factor under certain conditions. 

Combinations of temperature, humidity, and air movement which 
induce the same feeling of weirmth are called thermo-equivalent condi- 

“The Reactions of the Clothed Human Body to Variations in Atmospheric Humidity, by C.-E. A. 
Winslow, L. P. Herrington and A. P. Gagge {,Amertcan Journal of Physiology, Vol. 124, December, 1938, 
p. 692). 
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tions. A series of studies®^ at the A.S.H.V.E. Research Laboratory, 
Pittsburgh, established the equivalent conditions met with in general air 
conditioning work. This scale of thermo-equivalent conditions not only 
indicates the sensation of warmth, but also to a considerable degree 
determines the physiological effects on the body induced by heat or cold. 
For this reason, it is called the effective temperature scale or index, and it 
denotes sensory heat level. 

Effective temperature is an empirically determined index of the degree of 
warmth perceived on exposure to different combinations of temperature, 
humidity, and air inoveitient. It was determined by trained subjects who 
compared the relative warmth of various air conditions in two adjoining 
conditioned rooms by passing back and forth from one room to the other. 

The numerical value of the index for any given air conditions is fixed 
by the temperature of slowly moving (15 to 25 fpm air movement) 
saturated air which induces a like sensation of warmth or cold. Thus, any 
air condition has an effective temperature of 60 deg, when it induces a 
sensation of warmth like that experienced in slowly moving air at 60 deg 
saturated with moisture. The effective temperature index cannot be 
measured directly but is determined by the dry- and wet-bulb tempera- 
ture observations and by reference to the Comfort Chart (see Figs. 6, 8 
and 9) or tables. The relation of winter and summer sensations of comfort 
to wet- and dry-bulb temperature at low air movement is shown in Fig. 6. 
This chart, published by an A.S.H.V.E. Technical Advisory Committee®^, 
is based on research prior to 1932, Later studies by the A.S.H.V.E. 
Research Laboratory indicate somewhat higher temperatures for winter 
comfort, while Fig. 7 shows some variation in the requirements for 
comfort in summer cooled and air conditioned space. Relations between 
moisture content and various dry-bulb temperatures to wet-bulb readings 
and effective temperatures are depicted in Fig. 8. Effective temperatures 
for various combinations of wet- and dry-bulb temperatures and air 
movement are given in Fig. 9. 

A long series of studies have been made to determine the optimum 
effective temperature for comfort of normal persons in both winter and 
summer air conditioned space, in different geographical regions and for 
different age groups of men and women. A group of these studies®^ was 


*®A.S.H.V.E. Research Report No. 673 — ^Determination of the Comfort Zone, by F. C- Houghten 
and C. P. Ya^ou (A.S.H.V.E. Transactions, Vol. 29, 1923, p. 361). A.S.H.V.E. Research Report 
No. 691 — Cooling Effect on Human Beings by Various Air Velocities, by F. C. Houghten and C. P. Yaglou 
(A.S.H.V.E. Transactions, Vol. 30, 1924, p. 193). A.S.H.V.E. Research Report No. 717 — Effective 
Temperature with Clothing, by C. P. Yaglou and w. E. Miller (A.S.H.V.E. Transactions, Vol. 31, 1926, 
p. 89). A.S.H.V.E. Research Report No. 766 — Effective Temperature for Persons Li^tly Clothed and 
Working in Still Air, by F, C, Houghten, W. W. Teague and W. E. Miller (A.S.H.V.E. Transactions, 
Vol. 32, 1926, p. 315). 

*iHow to Use the Effective Temperature Index and Comfort Charts, by C, P. Yaglou, W. H. Carrier, 
Dr. E. V. HiU, F. C. Houghten and J, H- Walker (A.S.H.V.E. Transactions, Vol. 38, 1932, p. 410). 

«A.S.H.V.E. Research Report No. 1036 — Comfort Standards for Summer Air Conditioning, by F. C. 
Houghten and Carl Gutberlet (A.S H.V.E. Transactions, Vol. 42, 1936, p. 215). A.S.H.V.E. Research 
Report No. 1066—Cooling Requirements for Summer Comfort Air Conditioning, by F. C. Houghten, 
F. E. Giesecke, C. Tasker and Carl Gutberlet (A.S.H.V.E, Transactions, Vol. 43, 1937, p. 146). A.S.ILV.E. 
Research Report No. 1088— Summer Cooling Requirementa of 275 Workers in an Air Conditioned OflSce, 
by A. B. Newton, F. C. Houghten, Carl Gutberlet and R, W. Qualley (A.S.H.V.E. Transactions, Vol. 
44, 1938, p. 337). Cooling Requirementa for Summer Comfort Air Conditioning in Toronto, by C. Tasker 
(A.S.H.V.E. Transactions, Vol. 44, 1988, p. 64^. A.S.H.V.E. Research Report No. 1127— Reactions 
of Office Workers to Air Conditioning in South Texas, by A. J. Rummel, F. E. Giesecke, W. H. Badgett 
and A. T. Moses (A.S.H.V.E. Transactions, Vol. 45, 1939, p. 469). A.S.H.V.E. Research Report 
No. 1136— Summer Coohng Requirements in Washington, D. C., and Other Metropolitan Districts, by 
F. C. Houghten, Carl Gutberlet and Albert A. Rosenberg (A.S.H.V.E. Transactions, VoL 46, 1939, 
p. 677). A.S H.V.E. Research Report No. 1160 — Reactions of 746 Clerks to Summer Air Conditioning, 
by W. J. McConnell and M. Spiegelman (A.S.H.V.E. Transactions, Vol. 46, 1940, p. 291). 
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made between 1935 and 1940 by the A.S.H.V.E. Laboratory in Pittsburgh, 
and in several metropolitan districts of the United States in cooperation 
with the managements of offices emplo 3 dng large numbers of workers. 
Some of the results are shown in Fig. 7. Taking all of these studies 
together, women of all age groups studied indicate an average effective 
temperature for comfort 1.1 deg higher than for men. All men and 



DRY BULB TEMPERATURE F 

Fig. 8. Psychrometric Chart, Persons at Rest, Normally Clothed, in Still Air 


women, beyond the age of 40 years, show an average desire for 0.9 deg ET 
higher than those below this age; while the men and women, respectively, 
beyond 40 desired effective temperatures of 0.8 and 1.2 deg higher than 
those below 40. The persons serving in all of these studies were represent- 
ative of office workers clothed for air conditioned space in the summer 
season and engaged in the customary sedentary activity of office workers. 

The 66 deg ET indicated as giving optimum comfort for winter con- 
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Fig. 9. Effective Temperature Chart Showing Normal Scale of Effective 
^ Temperature. Applicable to Inhabitants of the United States Under 
Following Conditions: 


A. Clothing'. Customary indoor clothing. J5. AdivUyi Sedentary or light muscular work. C. Beating 
Methods: Convection type. warm air, direct steam or hot water radiators, plenum systems. 
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ditions in Fig. 6 and determined prior to 1932, has more recently been 
checked; first, by occasional observations, and second, by consistent 
laboratory study^®, indicating that a higher optimum of 67 deg ET was 
preferred by a majority of the eight male college students whose opinions 
were ascertained. This can be checked with larger groups when con- 
ditions permit. 

On the basis of present knowledge, for different geographical regions 
and age groups, the total spread in optimum comfort conditions ranges 
from a low of 66 deg ET for winter heating and air conditioning, to a high 
of 73 deg ET for summer cooling and air conditioning. 

The spread for summer cooling and air conditioning for optimum com- 
fort is confined entirely to an effective temperature range of from 69 to 
73 deg, and it may be presumed that for winter conditioning a like spread 
would be had ; while for inter-seasonal conditions there will be a fluctua- 
tion between these two ranges. 

Recent studies®^ indicate that for the average individual a temperature 
change of about 3 deg ET is required to change a person's sensation from 
ideally comfortable to cool or warm. From this it may be observed that 
necessary variations in the effective temperature of air conditioned space 
for optimum comfort for most persons, need little differentiation for 
either the winter season or the summer season, and not more than about 
4 deg on the average between seasons. 

Acclimatization and habits of clothing and diet account for these varia- 
tions. As a result of a recent analysis®® of all of the evidence available by 
the A.S.H.V.E. Technical Advisory Committee on Sensations of Comfort, 
a variation of 3 deg spread in optimum effective temperature for summer 
cooling and air conditioning with geographical location has been proposed. 
However, it should be recognized that variations in sensation of comfort 
among individuals may be greater for any given location, as shown in 
Fig. 7, than for variations due to a difference in geographical location. 
The available information indicates rather clearly that changes in weather 
conditions over a period of a few days do not acclimate people to a desire 
for different indoor conditions, but in general, people experiencing low 
temperatures over an extended period of time become acclimated to 
desiring lower indoor temperatures, while those experiencing higher 
temperatures become acclimated to a desire for higher indoor tempera- 
tures. It is obvious that a person spending a considerable portion of his 
time in space conditioned to his comfort will become acclimated to his 
indoor environment. While few people spend more than a small per- 
centage of the total time within an air conditioned enclosure, there is some 
evidence that persons experiencing comfort air conditioning a large part 
of the time tend to become acclimated to about 70 or 71 deg ET. 

The entering shock to occupants of summer cooled and air conditioned 
space may at times be important, and is due to the rapid evaporation of 


»*A.S.H.V.E. Research Report No. 1172— Radiation as a Factor in the Sensation of Warmth* by F. C. 
Houghten, S. B. Gunst and J. Sudu, Jr. (A.S.H.V.E. Transactions, Vol, 47, 1941, p. 93). 

*<Loc. at. Note 33. 

*®A.S.H V.E. Research Paper — Comfort with Summer Air Conditioning, by Thomas Chester, N. D, 
Adams, C. R. Bellamy, G. D. Fife, E. P. Heckel, Dr. W, J. McConnell, F. C. McIntosh, A, B, Newton, 
B. F. Raber and C. Tasker. (A.S.H.V.E. Transactions, Vol. 48, 1942, p. 107). 
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perspiration on the skin, accumulated during the incoming occupant’s 
previous subjection to hot and humid outside conditions. While recent 
studies®® show that for healthy individuals this shock is usually a pleasant 
experience, for others it may result in unpleasant or even harmful chills. 
This fact should be taken into consideration in applying summer cooling 
and air conditioning, particularly to spaces where a large number of the 
occupants may enter for only a short time, 15 min or less. Such occupants 
may be satisfied with less cooling. For long occupancy very little devia- 
tion from the optimum effective temperature is desirable. 

Radiation between the occupant of an enclosure and the surfaces of the 
room itself and objects within the room, including windows, heating and 



Wall and Air Temperature 


cooling equipment, aind other occupants, has an important bearing on the 
feeling of warmth and may alter to some measurable degree the optimum 
conditions for comfort indicated previously*. Fig. 10®^ shows the necessary 
elevation in the dry-bulb temperature of the air to compensate for the 
lower temperature of three of four side-wall surfaces, which indicates that 
for this condition each degree reduction in the average of the three wall 
surface temperatures there must be an elevation of 0.3 deg in the dry-bulb 
temperature of the air to compensate. Recent studies by the A.S.H.V.E. 
Research Laboratory®® on the effect of radiation within an enclosure, 
including the effect of panel heating, indicate that for each degree eleva- 


««A.S.H.V.E. Research Report No. 1102— Shock Experiences of 275 Workers After Entering and 
Leaving Cooled and Air Conditioned Offices, by A. B. Newton, F. C. Houghten, Carl Gutberlet, R. W. 
Qualley and M. C. W. Tomlinson (A.S.H.V.E. Transactions, Vol. 44, 1938, p. 671). 

‘’’A.S.H.V.E. Research Report No. 946— Cold Walls and Their Relation to Feeling of Warmth, by 
F. C. Houghten and Paul McDermott (A.S.H.V.E. Transactions. Vol. 39. 1933, p. 83). 

»8Loc. Cit. Note 33. 
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tion or depression of the mean radiant temperature above or below the air 
temperature requires about 0.5 deg counterchange in effective tempera- 
ture of the air. Since the mean radiant temperature of the surroundings 
is affected by cold, uninsulated walls and windows, particularly single 
glazed windows, as well as by heating units placed within the room, in- 
cluding panel heaters, these factors must be compensated. Likewise, in 
densely occupied spaces, such as classrooms, theaters and auditoriums, 
somewhat lower temperatures may be necessary than those indicated by 
the comfort line on account of counter-radiation between the bodies of 
occupants in close proximity to each other, which also will elevate the 
mean radiant temperature of the room. 

The sensation of comfort, insofar as the physical environment is con- 
cerned, is not absolute but varies considerably among certain individuals. 
Therefore, in applying the air conditions indicated, it should not be 
expected that all the occupants of a room will feel perfectly comfortable. 
The curves in Fig. 7 indicate that some persons require temperatures as 
much as 4 and 6 deg lower and higher than the optimum for the average. 
In this connection it is of interest to note that from the characteristic 
shape of the curves that in general people will object more quickly to a 
few degrees drop in temperature from the average optimum than will be 
the case for the same number of degrees overheating. However, when 
optimum comfort temperatures are applied in accordance with foregoing 
recommendations, the majority of the occupants should be comfortable, 
and it should be expected that there will be a few too warm and a few too 
cold. These individual differences among the minority should be counter- 
acted by suitable clothing. 

Satisfactory comfort conditions for persons at work®^ are found to vary 
depending upon the rate of work and the amount of clothing worn. In 
general, the greater the degree of activity, the lower the effective tem- 
perature necessary for optimum comfort. However, recent work by the 
A.S.H.V.E. Research Laboratory^® indicates that under certain condi- 
tions moderate activity on the part of a person standing up and moving 
about may result in a slightly higher optimum effective temperature than 
for a person seated at rest, because of the larger body surface area exposed 
to heat elimination and the increase in effective air movement over his 
body. Where few workers occupy a large space in hot industries, recent 
work by the A.S.H.V.E. Research Laboratory^^ shows that they may be 
made reasonably comfortable by blowing relatively small volumes of 
slightly cooled air over them or through their clothing. 

For prematurely born infants, the optimum temperature varies from 
100 to 76 F, depending upon the stage of development. The optimum 
relative humidity for these infants is placed at 65 per cent^®. No data are 
yet available on the optimum air conditions for full term infants and 
young children up to school age. Satisfactory air conditions for these age 


»9A.S.H.V.E. Reseajich Report No. 755— Effective Temperature for Persons 
Working in StiU Air, by F. C. Houghten, W. W. Teague and W. E. Miller (A.S.H 
Vol. 32, 1926, p. 315). 

^“A.S.H.V.E. Research Report No. 1106 — ^Air Conditioning in Industry, by W. L, Fleisher, A, E. 
Stacey, Jr,. F. C Houghten and M. B. Ferderber (A.S.H.V.E. Transactions, Vol. 45, 1939, p. 69). 

^iLoc. Cit. Note 25. 


Lightly Clothed and 
.V.E. Transactions, 


^Application of Air Conditioning to Premature Nurseries in Hospitals, by C. P. Yaglou, Philip Drinker 
and K. D. Blackfan (A.S.H.V.E. Transactions, Vol. 36, 1930, p. 383). 
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groups are assumed to vary from 75 to 68 F with natural indoor humidities. 
For school children, the studies of the New York State Commission on 
Ventilation place the optimum air conditions at 66 to 68 F temperature 
with a moderate humidity and a moderate but not excessive amount of 
air movement^®. A great number of persons seem to be fairly con-tent 
with a higher plane of indoor temperature, particularly when the matter 
of first cost and operating cost of a cooling plant is given due considera- 
tion. Recent studies by the University of IJlinois^ in cooperation with 
the A.S.H.V.E. Committee on Research indicate that effective tempera- 
tures as high as 74.6 deg are acceptable in the living quarters of a residence, 
and while this condition is not representative of optimum comfort it 
provides sufficient relief in hot weather to be acceptable to the majority 
of users. It should be emphasized, however, that these are borderline 
cases that may be acceptable largely in the interest of economy. ^ Com- 
prehensive studies by the A.S.H.V.E. Research Laboratory^^ in co- 
operation with office staffs in widely distributed regions, including San 
Antonio, Minneapolis, Washington, D. C., and New York City (see 
Fig. 7), show conclusively that lower effective temperatures are required 
for optimum comfort. 

PHYSIOLOGICAL OBJECTIVES OF HEATING AND VENTILATION 

Aside from the removal of toxic fumes and dusts from heating appli- 
ances and industrial processes, the chief task of the heating and venti- 
lating engineer is to keep his clients warm in winter and cool in summer. 

For the normally vigorous person, normally clothed, and at rest, an air 
temperature of 65 F should be provided at knee-height, 18 in. in order to 
prevent chilling of the legs and feet. With some heating systems, this 
will correspond to 70 F at a 6 ft height. Air temperature may be increased 
or decreased in order to compensate for deviations of mean radiant 
temperature above or below air temperature. 

In rooms occupied by persons of sub-normal vitality, knee-height 
temperatures must be higher than 65 F. Since dwellings are designed for 
occupancy by old people and children, the heating system should be able 
to provide a temperature of 70 F at knee-height under ordinary winter 
conditions. 

The maintenance of such conditions as these in winter depends on 
three major factors, the heat produced in the occupied space, the heat 
absorbed from the sun and the heat loss through the walls, floor and 
ceiling of the structure to cold air and earth. Taking these up in the 
order in which they occur, in planning a new structure it is essential to 
remember the important effect of orientation and fenestration of the 
building with respect to the absorption of radiant heat from the sun. 
It has recently been shown that, in the vicinity of New York, effective 
sun-heat on a wall facing south is almost five times as great in winter as 
in summer, but on a wall facing west-north-west it is six times as great 


<»Ventilation Report of the New York State Commission on Ventilation (E. P. Dutton Co., N. Y 1923). 
«A.S.H.V.E Research Report No. 1012 — Study of Summer Cooling in the Res^j^ Rwidence for 
the Summer of 1934. by A. P. Kratz, S. Konzo, M. K. Fahnestock and E. L. Broderick (A.S.H.V.Ej Trans- 
actions. Vol. 41. 1935. p. 207). 

«Loc. Cit. Note 32. 
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in summer as in winter^®. The orientation of the same one-story house 
(in a laboratory model) was changed from a position in which its principal 
rooms faced northwest to a position in which these rooms (with re- 
arranged and slightly increased fenestration) faced west of south. This 
change decreased average summer sun-heat to one-ninth and increased 
average winter sun-heat to fourfold of its value with the original ori- 
entation. 

The choice between the various methods of heating depends, of course, 
on many engineering and other factors. From the standpoint of human 
health and comfort, however, it is important to minimize floor-ceiling 
differentials as far as possible to avoid hot heads and cold feet. Further- 
more, when the problem is a heating one, low air movement is desirable, 
since air temperature must be raised to balance the cooling effect of 
air motion. 

Where occupants are closely congregated, a new problem comes in, the 
removal of the excess heat and water vapor produced by the human body. 
If the temperature of such a space be correctly adjusted when the occu- 
pants enter, it will rise steadily during the period of occupancy as a result 
of the heat given off by the occupants. Of the 400 Btu per hour given off 
100 would perhaps be lost in evaporation, leaving 300 Btu per person per 
hour to warm the air. In a room containing many persons, the effects of 
this body heat can be neutralized by admission of outside air without 
producing unpleasant and dangerous drafts on those near the windows or 
other inlets. The supply of air before it reaches the occupant should be 
so tempered as to avoid drafts but in an amount and at a temperature 
which will remove the sensible heat produced by metabolism. With no 
heat loss through walls (as in an interior auditorium) this will require 
28 cfm of air per person when admitted at 60 F, and an average tempera- 
ture of 70 F for air leaving the room. Under practical conditions, with 
one or more cold walls, and a room containing a moderate number of 
occupants and ample cubic space, window ventilation with deflectors and 
a gravity exhaust duct may suffice. With crowded rooms, and with any 
rooms containing 50 or more occupants, forced ventilation will be essential. 

SUMMER COMFORT 

The problem of keeping cool in summer is physiologically as important 
as keeping warm in winter. In summer the relative humidity of the 
atmosphere is of great importance, along with air temperature, air move- 
ment, and wall temperature. There is no very practical method of cooling 
walls, but summer comfort can be promoted by modifying any one of the 
other three factors involved. 

Increase of comfort by air movement may be had by the promotion of 
natural circulation by cross or through ventilation; and here the architect 
is responsible for providing fenestration which will make such natural 
ventilation possible. In the lowest cost housing this should be con- 
sidered as essential. 


«Solar Radiation as Related to Winter Heating in Residencea, by H. N. Wiight {R$port qf John J3, 
Pierct Foundatton, January 20, 1936), 
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The direct control of air temperature and humidity is, of course, the 
ideal solution where the cost of a complete air conditioning equipment 
can be met. Where this objective is attained, there are two schools of 
thought concerning the relation between temperature and humidity to 
be maintained. For a given effective temperature some engineers favor 
comparatively low temperature with a high humidity as this results in a 
reduction of refrigeration requirements. Preliminary experiments at the 
A.S.H.V.E. Laboratory^^ would seem to indicate not much impairment of 
comfort with relative humidities of 70 per cent and somewhat higher, 
provided the effective temperature is between 70 and 73 deg. Until this 
subject is fully investigated it is desirable not to exceed 70 per cent and 
in general relative humidities of 60 per cent or less give more satisfactory 
results^^. 

The second school favors a higher dry-bulb temperature, according 
to the prevailing outdoor dry-bulb, with a comparatively low humidity 
(well below 50 per cent), the main purpose being an assumed reduction in 
temperature contrasts upon entering and leaving the cooled space and to 
keep the clothing and skin dry. This second scheme requires more 
refrigeration with the present conventional type of apparatus. 

INFLUENCE OF HUMIDITY 

The limitation of the comfort zones in Fig. 6 with respect to humidity 
is not final but must be adhered to closely. Relative humidities below 
30 per cent may prove satisfactory from the standpoint of comfort. In 
mild weather comparatively high relative humidities seem to be entirely 
feasible, but in cold weather they are objectionable on account of con- 
densation and frosting on the windows. Information on this subject 
is given in Chapter 4. 

As to the effects of dryness of the air, per se, and irrespective of thermal 
effects, there is a common belief that dry air in itself exerts a harmful 
effect upon the skin and mucous membranes; but there is no convincing 
evidence that the increase of atmospheric moisture which can practically 
be introduced by humidification into the air of cool occupied rooms has any 
effect upon health and comfort. All controlled experiments on ^is point 
have yielded negative results; and the respiratory membranes of industrial 
workers exposed to hot moist air are distinctly abnormal compared with 
those of workers exposed to hot dry air^®. 

For the premature infant, a high relative humidity of about 65 per cent 
is demonstrably beneficial to health and growth®® until the infants reach 
a weight of about 5 lb. No such clear-cut evidence exists in the case 
of adults. In the comfort zone experiments of the A.S.H.V.E. Research 
Laboratory, the relative humidity was varied between the limits of 30 
and 70 per cent approximately, but the most comfortable range has not 


^^A.S.H.V.E. Research Report No. 1036 — Comfort Standards for Summer Air Conditioning, by F, C. 
Houston and Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 42, 1936, p. 216). A.S.H.V.E. Research 
Report No. 1066— Cooling Requirements for Summer Air Conditioning, by F. C. Houghten, F. E. Giesecke, 
C. Tasker and Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 43, 1937, p. 145). 

«Loc. Cit. Note 36. 

«Loc. at. Note 39. 

«»Loc. Cit. Note 42. 
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been determined. In similar experiments at the Harvard School of 
Public Healthy the majority of the subjects were unable to detect sensa- 
tions of humidity too high, too low, or medium) when the relative 
humidity was between 30 per cent and 60 per cent with ordinary room 
temperatures which is in accord with other studies®^’®-. 

INFLUENCE OF AIR MOVEMENT 

Air movement has a powerful influence on the factors involved in 
thermal equilibrium of the body. An understanding of the phenomena 
involved is best had through a consideration of the purely physical factors 
involved in the effect of air movement on heat dissipation from inanimate 
surfaces by radiation, convection and evaporation. Thermal equilibrium 
of the human body is more complex because of the physiological control 
exercised in permitting the body surface temperature to drop when 
factors influencing heat loss are unavoidably increased without additional 
clothing and by the making available of perspiration for evaporation. 

Air movement does not affect radiation loss, provided there is no 
change in the skin temperature. However, if there is excessive cooling 
and lowering of the skin temperature due to increased convection loss, 
then radiation loss (which varies as the differences of the fourth power of 
the absolute temperatures of the radiator and receiver) decreases. It has 
been shown by the work at the John B. Pierce Laboratory of Hygiene^^ and 
by the A.S.H.V.E. Research Laboratoj^®^ that radiation may thus 
actually descrease due to air movement in relatively cool atmospheres. 

Convection loss from any surface, including that of the clothed body, 
is greatly increased by air movement, provided the surface temperature 
remains the same. In cool atmospheres, unless increased clothing is worn, 
heat loss due to air movement may be accompanied by a drop in body 
surface temperature. 

Heat loss by evaporation is greatly increased by air movement, pro- 
vided surface temperature and moisture available for evaporation (or the 
wetness of the surface) are constant. However, since in the human body 
perspiration is only made available when there is need for increased 
evaporative heat loss due to reduction in convection loss, increased air 
movement is accompanied by decreased perspiration and evaporative 
cooling in moderately cool atmospheres. In very hot atmospheres, 
particularly with low vapor pressure, evaporative cooling may be increased 
by air movement so as to increase the maximum temperature level at 
which thermal equilibrium may be maintained. Results of studies at 
the A.S.H.V.E. Research Laboratory^® and at the John B. Pierce Labora- 


“iHumidity and Comfort, by W. H. Howell iThe Science Press, AdhI, 1931). 

6>Eflfect of Variation in Relative Humidity upon Skin Temperature and Sense of Comfort, by U. Miura 
{American Journal of Hygiene, Vol. 13, 1931, p. 432). 

5*Loc. Cit. Note 15. 
wi,oc. Clt. Note 13. 

“A.S.H.V.E. Research Report No. 691 — Cooling Effects on Human Beings Produced by Various Air 
Velocities, by F. C. Houghten and C. P. Yaglou (A.S.H.V.E. Transactions, Vol. 30, 1924, p. 193). 
A.S.H.V.E. Research Report No. 717 — Effective Temperature with Clothing, by C. P. Yaglou and W, E. 
Miller (A.S.H.V.E Transactions, Vol. 31, 1925, p. 89). A.S.H.V.E. Research Report No, 090--Air 
Motion, High Temperatures and Various Humiditfes-Reactions on Human Beings, by W. J. McConnell, 
F. C. Houghten and C. P. Yaglou (A.S.H.V.E. TRAireACTiONS, Vol. 30, 1924, p. 167). A.S.H.V.E. 
Research Report No. 718 — ^Work Tests Conducted in AtmoapWes of High Temperatures and Vsirioua 
Humidities in Still and Moving Air, by W. J. McConnell and C. P. Yaglou (A.S.H.V.E. Transactions, 
Vol. 31. 1925, p. 101). 
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tory of Hygiene^^ give data on the effect of air movement on heat dissipa- 
tion for normally clothed, standing and seated subjects, and for lightly 
clothed and semi-reclining subjects, respectively. Fig. 9, resulting from 
A.S.H.V.E, research, shows the increase in dry-bulb and wet-bulb tem- 
peratures for the same effective temperature with air velocities ranging 
from 20 to 700 fpm. 

Air velocities may be used for effective cooling; however, great care 
must be exercised to avoid drafts due to uneven cooling of the body 
surface. During the heating season air velocities in excess of 25 to 30 fpm 
usually give undesirable effects. With summer cooling and air con- 
ditioning higher velocities up to 40 or 50 fpm, if properly controlled, seem 
to give satisfactory conditions free from sensation of draft, while with 
higher ambient temperatures even higher air velocities may iDe used. In 
this connection it may be emphasized that drafts are interpreted®^ as 
local sensations of excessive coolness, and that even while very high air 
movement in relatively warm air increases the rate of heat loss from local 
parts of the body, it may improve the comfort of the occupant, so long as 
that part of his body surface is not excessively cooled. 

THE FOUR VITAL FACTORS 

From the preceding discussion it is clear that thermal environment 
cannot properly be adjusted to the requirements of human health and 
comfort without control of all the four basic factors : 

1. Air temperature (free from radiation effects), 

2. Air movement. 

3. Humidity. 

4. Mean radiant temperature of surrounding surfaces. 

According to the recommendations of the Sub-Committee on the 
Hygiene of Environmental Conditions in the Dwelling®®, it is of great 
importance in all research studies to make an accurate record of each of 
the four independent factors governing bodily heat exchanges, tempera- 
ture, movement and humidity of the air, and mean radiant temperature 
of the surrounding surfaces. For this purpose the committee suggested 
in the interest of comparability the use of the following four types of 
instruments or others yielding similar data; 

1. Silvered dry-bulb thermometers or hair-pin thermometers (Bargeboer). 

2. Silvered dry Kata thermometers or the hot-wire anemometer. 

3. Psychrometer, wet- and dry-bulb, whirling or ventilated. 

4. Globe thermometer (Vernon) or the dry resultant thermometer (Missenard). 

In this country, the shielded thermometer, or a very fine wire thermo- 
couple, has been found more convenient for determining the true dry- 
bulb temperature. Fine, hot-wire anemometers are rapidly replacing the 
use of the Kata thermometer for measuring low air velocities, while some 


“The Influence of Air Movement on Heat Losses for the Clothed Human Body, by C.-E. A. Winslow, 
A. P. Ga£ge and L. P. Herrington iAmerican Journal of Phystology, October, 1939, Vol. 127, p. 605). 

wA.S.H.V E. Research Report No. 1086 — Draft Temi)eraturea and Velocities in Relation to Skin 
Temperature and Feeling of Warmth, by F. C. Houghten, Carl Gutberlet and Edward Witkowaki (A.S.H.- 
V.E. Transactions, Vol. 44, 1938, p. 289). 

“^Housing Commission of the X^eague of Nations, adopted at Geneva, June 25, 1937. 
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adaptations of the Vernon Globe thermometer, incorporating thermo- 
couples rather than mercury thermometers, have been found more 
satisfactory and convenient. 

Such instruments as these, when properly calibrated and their readings 
are compared, can be used for determining the four basic physical factors 
concerned separately or in certain combinations. The results of the four 
physical measurements thus determined can generally be translated into 
the terms of any special instrument combining two or more of them. 

The work of the A.S.H.V.E. Research Laboratory has made available 
psychrometric charts with effective temperature scale superimposed 
thereon, including Figs. 8 and 9, and others®®, while recent studies®® have 
indicated the degree to which mean radiant temperature of the sur- 
roundings modify the effective temperature index. 

In some instances it may be important to record not only the movement 
and temperature of the air at various levels, but also the temperature of 
each wall and window, of the flooring, and of the ceiling, and to measure 
the total effective radiation of the surroundings in 6 directions; in order 
to trace the exact causes of defects in the building which have an un- 
favorable influence on the heat exchanges of its inhabitants. Facts of 
this type are of great practical importance. 


®9A.S.H.V.E. Resbarch Report No. 691 — Cooling Effects on Human Beings Produced by Various Air 
Velocities, by F. C. Houghten and C. P. Yaglou (A S.H.V.E. Transactions, Vol. 30, 1924, p. 193). 

®®Loc. Cit. Note 31 
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CHAPTER 3 


Jundameniaid of ^Jdeat ^randfer 


Conduction, Convection, Radiation, Combined Convection 
and Radiation, Heat-Flow Resistance, Electrical Analogies, 
Practical Heat Transfer Problems, Unit Conductances for 
Convection Flow Systems, Radiation Factors or Emissivities, 
Solutions for Steady-State Conduction Problems 


H eat is that form of energy which is transferred from place to place 
by virtue of an existing temperature difference. The temperature 
difference is the potential which causes the transfer, the latter in turn 
being resisted by the thermal properties of the material combined in a 
simple term and known as the resistance. Ener^ exchange associated 
with mass transfer from place to place (evaporation, condensation, etc.) 
due to concentration differences will be treated elsewhere such as the 
section on cooling tower design in Chapter 27. The objectives of this 
chapter are to: 

1. Describe the mechanisms and present the rate equations for the different modes 
of heat transfer. 

2. Illustrate the application of the basic concepts to steady-state problems (tempera- 
ture independent of time or a cyclic variable thereof) by means of several typical solutions 
of heat transfer systems. 

Further applications to specific systems will be found throughout The 
Guide, 

CONDUCTION, CONVECTION AND RADIATION 

Thermal conduction is the term applied to the mechanism of heat 
transfer whereby in fluids the molecules of higher random kinetic energies 
transmit by direct molecular collision part of their energy to adjacent 
molecules of lower random kinetic energy. Since the temperature is 
proportional to the random kinetic energy of the molecules, thermal 
transfer will occur in the direction of decreasing temperature. The 
molecules oscillate about a mean position at fairly high velocities and 
frequencies, but there is no net material flow associated with the con- 
duction mechanism. 

In solids the significant mechanism of heat transport is thermal con- 
duction and is ascribed to a transfer mechanism associated with the free 
electrons^ Even in the case of fluids, thermal conduction is significant 
in the region very close to a solid boundary or wall, for in this region the 
flow is laminar, parallel with the wall surface, and there are practically 
no cross currents in the direction of the heat transfer. 


'The Metallic State, by H, Hume-Rothery (Oxford Press, 1931). 

71 



HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


Contrasted to the thermal conduction mechanism, thermal convection 
involves energy transfer by eddy mixing and diffusion^ in addition to 
conduction. This condition is pictured schematically in Fig. 1 which 
exhibits transfer from a pipe wall at surface temperature U to a colder 
fluid at a bulk temperature k- In the laminar sublayer, immediately 
adjacent to the wall, the heat transfer occurs by thermal conduction; in 
the transition region, which is called the buffer layer, eddy mixing as well 
as conduction efects are significant; in the eddy or turbulent region the 
major fraction of the transfer occurs by eddy mixing. 

In most commercial equipment the main body of the fluid is in turbu- 
lent flow, and the laminar film exists at the solid walls only, as shown in 
Fig. 1. But in cases of low- velocity flow in small tubes, or with viscous 
liquids such as heavy oil (low Reynolds* numbers), the entire flow may be 
laminar. In these latter cases there is no transition or eddy region. 
When the fluid currents are induced by sources external to the heat 
transfer region, as for example a pump, the described solid to fluid heat 



Fig. 1. Thermal Convection Conditions 

transfer is termed forced convection. In contrast, if the fluid currents are 
internally generated, as a result of non-homogeneous densities arising 
from the temperature variations, the heat transfer is termed free convection. 

In the conduction and convection mechanisms heat is transferred as 
internal energy, i.e., the random molecular kinetic energy associated with 
the material temperature. For radiant heat transfer, however, a change 
in energy form takes place from internal energy at the source to electro- 
magnetic energy for transmission, then back to internal energy at the 
receiver. Since visible radiant energy exhibits characteristic wave lengths, 
the solution of thermal radiation problems is in many respects similar 
to the solution of problems in the field of illumination. 

The rate of thermal current flow (i.e., rate of heat transfer) corre- 
sponding to the transfer mechanisms previously described, may be 
expre^ed by three rate equations. These are similar to Ohm’s Law for 
electrical flow, the current flow through a resistance being proportional 
to the potential difference. 

Thennal Conduction. Equation 

Equation 1 states symbolically that the thermal conduction current 
per unit transfer area normal to the flow, (dq)/(dA), Btu per hour per 


^Absorption and Extraction, by T. K Sherwood (McGraw-Hill Co., 1937). 
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square foot, is proportional to the temperature gradient {dt)/{dx), degree 
Fahrenheit per foot. The proportionality factor is termed the thermal 
conductivity^ k, Btu per hour per square foot per degree Fahrenheit per 
foot of thickness. 


dq _ _ , dt 
dA ^ dx 


( 1 ) 


The minus sign on the right side of the equation is introduced to 
indicate positive current flow in the direction of decreasing temperature. 
The physical significance of indicated quantities is illustrated further 
by the schematic diagram Fig. 2. 

It should be emphasized that the thermal conductivity used should be 
expressed in consistent units; either using the inch or foot throughout. 

Expressions of conductivity used in the heating field are usually 
inconsistent in this sense, in that it is customary to refer to the con- 
ductivity per square foot but for one inch of thickness. This custom has 



Fig. 2. Thermal Conduction in a Flat Slab 

been adopted for the reason that wall thicknesses are usually expressed 
in inches, whereas if expressed in feet, decimal or fractional thicknesses 
would result. When dealing with flat walls no complication is involved 
in using the inconsistent expression of conductivity. However, when 
curved or spherical walls are considered, considerable complication is 
involved. Therefore, in this discussion the consistent units of con- 
ductivity expressed in Btu per hour per square foot per degree Fahrenheit 
for one foot of thickness are used throughout. Conductivity values obtained 
from Chapter 4 or Table 1 in this chapter y which are expressed in incon- 
sistent unitSy must therefore be convert^ for use in the calculations of this 
chapter by dividing by 12, As an example, the conductivity of brick, 
expressed in inconsistent units as 5.0 in Table 2 of Chapter 4, becomes 
0.42 when used in the calculations of this chapter. Also, it should be 
emphasized that in order to make the calculations and applications con- 
sistent in this chapter, all dimensions of thickness must be expressed in feet. 

Thermal Convection Equation 

^ = ftc «8 - ft) (2) 

This rate equation states that the thermal convection current per unit 
transfer area {dq)/{dA)y Btu per hour per square foot, is proportional to 
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from 80 to 40 F will increase the heat transmission given in Table 2 
by only 1.3 per cent. 

Table 2 can also be used for calculating the free convection rate of 
transmission for various commercial shapes such as pipes and ducts. 
These calculations are simplified by the use of the^ factors in Tables 3 
and 4. Table 3 gives factors by which the values in Table 2 must be 
multiplied to obtain the free convective transfer from various^ shapes 
whose characteristic dimensions are 24 in. or over, and Table 4 gives the 
factors to be used in conjunction with the factors in Table 3 for obtaining 
the free convection from Table 2 for pipes and ducts whose characteristic 
dimensions are less than £4 

For example, the free convection transfer from a 3 in. O.D. horizontal 
cylinder for a temperature difference of 40 F == 25.0 X 0.73 X 1.52 = 
27.7 Btu per square foot per hour. 


Table 2. Heat Transmission by Free Convection for Large Vertical Surfaces 
Expressed in Btu per square foot per hour 

Tempehaturb Difference between Body and Surrounding Still Air at 80 F 


Temp 

Deg 

f 

0 

10 

20 

30 

40 

60 

60 

70 

80 

90 

100 

110 

120 

130 

0 

0 

4.4 

10.4 

17.4 

25.0 

33,2 

41.8 

50.6 

59.9 

69.4 

79.4 

89.2 

99.4 

109.8 

1 

0.3 

4.9 

11.1 

18,1 

25.8 

34.1 

42.6 

51.5 

60.8 

70.3 

80.4 

90.2 

100.4 

110.9 

2 

0.6 

5.5 

11.8 

18.9 

26.7 

34.9 

43.5 

52.4 

61.8 

71.3 

81.4 

91.2 

101.5 

112.0 

3 

1.0 

6.0 

12.5 

19.7 

27.5 

35.7 

44.3 

53.4 

62.7 

72.3 

82.4 

92.2 

102.6 

113.0 

4 

1.4 

6.6 

13.2 

20.5 

28.3 

36,6 

45.2 

54.3 

63.7 

73.3 

83.3 

93.3 

103.6 

114.1 

5 

1.8 

7.3 

13.9 

21.2 

29.2 

37.4 

46.1 

55.2 

64.6 

74.3 

84.2 

94.3 

104.7 

115.2 

6 

2.3 

7.9 

14.6 

22.0 

30.0 

38.3 

47.0 

56.1 

65.6 

7S.3 

85.2 

95.3 

105.7 

116.3 

7 

2.8 

8.5 

15.3 

22.7 

30.8 

39.1 

47.8 

57.1 

66.5 

76.3 

86.2 

96.3 

106.7 

117.3 

8 

3.3 

9.1 

16.0 

23.5 

31.6 

40.0 

48.7 

58.0 

67.5 

77.4 

87.2 

97.4 

107.8 

118.4 

9 

3.8 

9.7 

16.7 

24.3 

32.4 

40.9 

49.7 

59.0 

68.4 

78.4 

88.2 

98.4 

108.8 

119.5 


Table 3. Free Convection Factors for Various Shapes 


Shapes 

Factor 

■PTriM.yrtn'fal r'xrlinrlArc 94 in in flisim. nr nvw 

0.73 

T rtricr xroH-i/vil nvlin^ArQ 94- in in Hiflm. nr nvf‘r . 

0.88 

TT’aW-./'.sI nlo-f-Ac 94 in in li^iorlif nr nvi»r 

1.00 

Mnri'rrfcnfnl nV-if-pq wnrmpr than air fariTlC^ llT>Wf^i*d - 

1.28 

Mnri'Frtntol nl^ 1 tpq wnrmf^r than air facinff downward 

0.64 

fhsin air farincr iinward 

0.64 

TTnriTnntnl nlatf^q pnnlpr than air farinp^ downward..- 

, 1.28 



Table 4. Free Convection Factors for Va&ious Diameter Pipes 
or Various Height Plates 


Actual O.D., or height, in 

1 

2 

3 

4 

5 

6 

7 

8 

Factor. 

1.88 

1.64 

1.52 

1.43 

1.37 

1.32 

1.28 

1.25 

Ar+ual 0 D . or height, iri. . 

9 

10 

12 

14 

16 

18 

20 

22 

p*a(*fnr — 

1.22 

1.19 1 

1.15 

1.11 

1.09 

1.06 

1.04 

1.02 
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The increased rate of heat transfer due to forced convection can be 
calculated from Equation 2b: 

= l + 0.225 F (2b) 

where 

qiz — heat transfer by forced convection, Btu per square foot per hour per degree 
Fahrenheit temperature difference. 

V = velocity of air, feet per second. 

This equation is approximately correct for large surfaces exposed to 
air currents at temperatures of approximately 70 to 80 F. 

Problems in either forced convection or natural convection may be 
solved by the simple first-power equation if the convection coefficient is 
expressed as a unit conductance : 

qc - h A {h — h) (2c) 

where 

qc = heat transmission by convection, Btu per hour. 

A = surface area, square feet. 

ti — t 2 ^ temperature difference between the surface and the air, degrees Fahrenheit. 
h = unit conductance, from Table 5, Btu per square foot per hour per degree 
Fahrenheit temperature difference. 

NOMENCLATURE AND DIMENSIONS FOR TABLE 5 

Cp « fluid unit heat capacity at constant pressure, Btu per pound per degree 
Fahrenheit. 

D = cylinder diameter, feet. 

G = 3600 Fsy = fluid mass velocity, pounds per hour per square foot of flow 
cross-section, 

Y — density, pounds per cubic foot. 

h = unit conductance for thermal convection, Btu per hour per square foot per 
degree Fahrenheit. 

k — unit thermal conductivity of the fluid, Btu per hour per square foot per degree 
Fahrenheit for one foot thickness, 
fn = hydraulic radius of the flow cross-section^. 

= flow cross-section area per wetted perimeter, feet. 

5 = fin spacing, feet. 

t = average fluid film temperature, degree Fahrenheit. 

At — temperature difference surface to main fluid, degree Fahrenheit. 

Fs = fluid velocity, feet per second. 

tx = fluid viscosity, pounds per hour per foot = viscosity in centipoises X 2.42. 

Thermal Radiation Equation 

The relation shown in Equation 3 is usually applicable to systems in 
which radiant exchange takes place between the surfaces of solids, as sche- 

Qr = ^AiFaFe {Ti*‘ — T%^) (3) 

matically shown in Fig, 3. Gaseous and luminous radiation are not consid- 
ered in this discussion. Equation 3 states that the net radiation current per 
unit transfer area of surface 1, qr/A Btu per hour per square foot, which 
sees surface 2 through a non-absorbing medium, is proportional to the 
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Table 5. Approximate Unit Conductances for Thermal Convection for 
Several Flow Systems® 


Expressed in Convenient Empirical Form 

Case 

System 

Unit Conductance EquATioNb 

Forced Convection 

1. 

Longitudinal flow in cylinders, turbulent 
region. Fluid being heatede. 

For (■^^) > 3000 

2. 

For longitudinal air flow in cylinders case 1 
reduces too. 

= 0 0036 

For (-^-) > 3000 

3. 

For longitudinal water flow in cylinders case 1 
reduces too. 

h - 0.00486 (1 + 0 010 

For > 3000 

4. 

Air flow normal to a single right circular 
cylinder. 

h - 0.45 + 0.178 G»-» 

5. 

Air flow over staggered pipe banks. 

h = 0.061 

6 

Air flow over single spheres. 

^ = 0-040 

0 < / < 250 F 

7 

Air flow over plane surfaces. 

A = l-f 0.22 Fa 

For Fa < 16 fps 
or A = 0.53 Fs**» 

16 fps < Fa < 100 fps 

8. 

Air flow normal to finned cylinders. 

^ ( 3600 ) £>»•« 

0 <t < 250 F 


Free CoNVEcnoNd 


9. 

Single horizontal right circular cylinder in air. 


10. 

Vertical surfaces in air. 

h =. 0.3 

11. 

Top surface of horizontal plates to air. 

h - 0.4 (AO 

12. 

Bottom surface of horizontal plates to air. 

h = 0.2 (AO®*” 


•Heat Transmission, by W. H. McAdams. 

bFluid properties should be evaluated at the arithmetic mean fluid temperature, U =» (^surface + ^fluid) 
divided by 2. 

•These expressions are applicable to longitudinal flow m other than right circular cylinders provided the 
hydraulic radius is employed as the conduit dimension parameter For non-circular cross-sections D * 4 rn- 
dFor low rates of heat transfer by free convection the exponent decreases towards zero, and for higher 
rates increases towards 0.33. The following equations employing an exponent equal to 0.25 are applicable 
in the intermediate range. 
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difference of the fourth powers of the absolute surface temperatures 
(Ti* “ The proportionality factor (c -Pa^e) niay be conveniently 

separated into three parts: 

a = the Stefan-Boltzmann radiation constant. 

= 1730 X 10"“ Btu per hour per square foot per degree Fahrenheit absolute 
temperature to the fourth power. 

Fa *= the configuration factor is dimensionless and 1. This factor accounts for the 
shape and relative position of the two surfaces, and is called the shape factor. 
The value of Fa =1 may be used in the cases of large parallel planes, long 
concentric cylinders or smaller bodies in large enclosures. (For other values 
see References.) 





the emissivity factor is also dimensionless and S 1. This factor accounts for 
the absorption and emission characteristics of the surfaces for the radiation 
which exists. Individual emissivities (e) should be taken from Table 6 and 
applied, for either radiation or absorption, as follows: 

a. For a small body in a large enclosure, use the emissivity of the small body 
only; Fe = ei, 

b. For rectangles or disks, either ijarallel or perpendicular and with a common 
side, use the product of the emissivities; Fs = ei X C 2 . 

c. For large parallel planes, long concentric cylinders or large enclosed bodies, 
use bom emissivities in the equation; 


Fe — 



1 


The radiation under black-body conditions, or for an emissivity of 1.0, 
is given in Tdble 7® for cold surfaces as low as —39 F to warmer surfaces 
as high as 139 F. The emissivities of a number of surfaces ordinarily 
encountered in engineering practice are shown in Table 6. For radiation 
table at higher temperatures, and further discussion of radiation calcu- 
lations, see Chapter 45. 

Combined Convection and Radiation 

It should be noted that the previous equations and tables give the heat 
transfer by convection and by radiation computed separately. In many 


T 1 ^ Conditioning, by R. H. Heilman {Industrial and Engineering Ckamistry, Vol. 28, 

July 19od, p. 782), 
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Table 6. Radiation Factors or Emissivities 
For the determination of factor Fe in Equation S 


Class 

Surfaces 

Fraction of Black-Body Radiation 

t 

i At 60-100 F 

At 1000 F 

Solar 

Radiation 

1 

A small hole in a large box, 
sphere, furnace, or enclosure 

0.97 to 0.99 

0.97 to 0.99 

0.97 to 0.99 

2 

Black non-metallic surfaces such 
as asphalt, carbon, slate, 
paint, paper. 

0.90 to 0.98 

0.90 to 0.98 

0.85 to 0.98 

3 

Red brick and tile, concrete and 
stone, rusty steel and iron, 
dark paints (red, brown, 
green, etc.) 

0.85 to 0.95 

0.75 to 0.90 

0.65 to 0.80 

4 

Yellow and buff brick and stone, 
firebrick, fire clay 

0.85 to 0.95 

0.70 to 0.85 

0.50 to 0.70 

5 

White or light-cream brick, tile, 
paint or paper, plaster, white- 
wash — 

0.85 to 0.95 

0.60 to 0.75 

0.3 to 0.5 

6 

WinHnw _ _ __ 

0.90 to 0.95 


Transparent 



7 

Bright aluminum paint; gilt or 

hrnnTTP. paint: 

0.4 to 0.6 


0.3 to 0.5 



8 

j 

Dull brass, copper, or alumi- 
num; galvanized steel; pol- 
ished iron 

0.2 to 0.3 

0.3 to 0.5 

0.4 to 0.65 

9 

Polished brass, copper, monel 
metal 

0.02 to 0.05 

0.05 to 0.15 

0.3 to 0.5 

10 

Highly polished aluminum, tin 
plate, nickel, chromium 

0.02 to 0.04 

0.05 to 0.10 

0 10 to 0.40 


practical cases it is desirable to treat convection and radiation as a single 
combined process, using a first-power equation: 

ffrc == ^ iPi — ^2) 

where ^rc is the total heat flow due to radiation and convection, in Btu 
per hour. Values of Arc, the surface or film conductance for combined 
radiation and convection, are given in Chapter 4, Table 1 and Fig. 1. 
Complete tables for the combined heat transfer of steam and hot water 
radiators, pipes, coverings, etc., will be found in the appropriate chapters. 

When dealing with the effect of operating temperatures upon the com- 
bined heat transfer of a given piece of equipment (as for instance a steam 
radiator), another form of equation is frequently used: 

qtc^ B A {h- h)^ (5) 

Values of n in this equation usually range from 1.3 to 1.5 (see Chapter 13). 
The chief advantage of this equation is the convenience of representing 
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heat transfer performance on logarithmic coordinates, and the factor B 
should be regarded as a simple constant of proportionality. 

HEAT-FLOW RESISTANCE 

In most of the steady-state heat transfer problems encountered in air 
conditioning applications, more than one of the heat transfer mechanisms 
are effective, and the thermal current flows through several resistances in 
series or in parallel. In using the resistance concept the calculations in- 
volved are analogous to the application of Ohm’s Law in electricity, viz,, 


Table 7. Heat Transmission by Radiation for Black-Body Conditions^ 
Expressed in Btu per square foot per hour 


Temp 

Deg 

F 

0 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-30 

59.3 

58.7 

58.2 

57.7 

57.2 

56.7 

56.2 

55.7 

55.2 

54,7 

-20 

65.2 

64.7 

64.1 

63.5 

62.9 

62.3 

61.7 

61.1 

60.5 

59.9 

-10 

71.4 

70.8 

70.1 

69.5 

68.9 

68.3 

67.7 

67.1 

66.4 

65.8 

0 

78.0 

77.4 

76.7 

76.0 

75.4 

74.7 

74.0 

73.4 

72.7 

72.1 


0 

+ 1 

+2 

+3 

+4 

+5 

4*6 

+7 

4-8 

+9 

0 

78.0 

78.7 

79.4 

80.1 

80.8 

81.5 

82.2 

82.9 

83.6 

84.3 

10 

85.0 

85.7 

86.5 

97.2 

88.0 

88.7 

89.4 

90.2 

90.9 

91.7 

20 

92.4 

93.3 

94.0 

94.8 

95.6 

96.4 

97.2 

98.0 

98.8 

99.6 

30 

100 

101 

102 

103 

104 

105 

105 

106 

107 

108 

40 

109 

no 

111 

112 

112 

113 

114 

115 

116 

117 

50 

118 

119 

120 

121 

122 

123 

123 

124 

125 

126 

60 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

70 

137 

138 ’ 

139 

140 

142 

143 

144 

145 

146 

147 

80 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

90 

159 

160 

161 

162 

163 

164 

166 

167 

168 

169 

100 

170 

171 

173 

174 

175 

176 

178 

179 1 

180 

182 

110 

183 

184 

185 

187 

188 

189 

191 

192 

193 

195 

120 

196 

197 

199 

200 

201 

203 

204 

206 

207 

209 

130 

211 

212 

214 

215 

217 

218 

220 

221 

222 

224 


^Example: Radiation from walls of room at 32 F to surface at — 25 F for effective emissivity of 0.95 «■ 
(102 — 62.3) 0.95 =» 37.7 Btu per square foot per hour. 


the heat flow or thermal current is directly proportional to the thermal 
potential or temperature difference, and inversely proportional to the 
thermal resistance: 


ffrc — 


h — ti 

R 


( 6 ) 


Following the electrical analogy, when there is a thermal current flowing 
through several resistances in series, the resistances are additive : 

Rt ^ Ri Ri Ri ^ +Rn (7) 


Similarly, conductance is the reciprocal of resistance, and for heat flow 
through two resistances in parallel, the conductances are additive: 




JL ^ J:. . J> 

Rl ^ R2 



+ 



( 8 ) 
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Practical Heat Transfer Problems 

The use of these simple relations for resistance and conductance simpli- 
fies many practical heat transfer problems. As discussed in Chapters 4, 
18 and 26, the practical analyses of heat transfer in building walls, in 
fin-tube coils and in pipe coverings, are usually computed by this method. 

The same resistance analysis may be applied to complicated steady- 
state conduction problems. Table 8 indicates the solutions in six common 
cases of steady-state conduction, 

A complete analysis by the resistance method is best illustrated by 
considering the heat transfer from the air outside to the cold water inside 
of an insulated pipe. -The temperature gradients and the nature of the 
resistance analysis are indicated by the two sketches of Fig. 4. 

Since air is sensibly transparent to radiation, there will be some heat 
transfer by both radiation and convection to the outer insulation surface. 
The mechanisms act in parallel on the air side. The total current by 



Fig. 4. Heat Transfer Conditions in the Insulated Cold Water Line 

radiation and convection then passes through the insulating layer and 
the pipe wall by thermal conduction, and thence by convection into main 
cold water streams. Radiation is not significant on the water side as 
liquids are sensibly opaque to radiation, although water transmits energy 
in the visible region. The contact resistance between the insulation and 
the pipe wall is presumed to be equal to zero. 

Referring to Fig. 4, the thermal current for a given length N of pipe, 
2rc Btu per hour, may be thought of as flowing through the parallel 
resistances Rx and J?c, associated with the insulation surface radiation and 
convection transfer. Then the flow is through the resistance offered to 
thermal conduction by the insulation, through the pipe wall resistance, 
jR 2 , and into the water stream through the convection resistance, R\. 
Note the analogy to the direct current electrical circuit problem. A 
temperature (potential) drop is required to overcome these resistances to 
the flow of thermal current. The total resistance to heat transfer, Rt, 
hour degrees Fahrenheit per Btu, is the summation of the individual 
resistances: 

R'l — jRl -{- i?2 + ^3 + ^4 (®) 
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Table 8. Solutions for Some Steady-State Thermal Conduction PROBLEMs^b 


Expressions for the resistance R entering mto 
System the equation; 

g *=> Ai/JR (Btu per hour) 


. Flat wall or curved wall if curvature is small 

(wall thickness less than 0.1 of inside dia- 
meter). 


Surface area,; 



Radial flow through a right circular cylinder. 

. □lAt 


Long cylinder 
of length, N " 


1 



K 


O' 


^To 


The buried cylinder. 



Long cylinder 
of length. N 


Radial flow in a hollow sphere. 


2TrkN 

(See footnote c). 


loge — 

for > 3 
r "■ 

(See footnote c). 


To 

4.irk 


The straight fln or rod heated at one end. 

n Conduction 

b cross-section 
3Z area. A 


fambient 


Finned surface of area BB. 





r p 

] Tn tambient 


Surface area. HB 


^ “ Wtanh^l footnotes d and €). 

For ml > 2.3, ta nh m 1 « 1 
tn s= \/ h^p/kA 

A conduction cross-section area. 
p » perimeter of cross-section A, 
hs = unit conductance to the surroundings 
from the fin surface. 
k •" thermal conductivity fin material. 

A/ = wall temperature— ambient temperature 


R "** / 2 N 

hg [^tsLohml + s ) HB 

At defined as in Case 5 above. 


“The dimensions to be employed in these solutions are: length of dimension Z, r « feet; units oik m 
Btu per hour per square foot per degree Fahrenheit for one foot thickness: units of h, Btu per hour per 
square foot per degree Fahr^eit; umts of area,^ A - square feet. 

hThe thermal conductivity, k, in these solutions should be taken at the average material temperature 
(see Table 5). 

oLo^ X *>■ 2.303 logio X, 

dThis expression can also be employed as an approximation for tapered fins or of annular fins by employ- 
ing average magnitudes of A and p. 

“Tanh is the hyperbolic tangent. 
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where the resultant parallel resistance Ri is obtained from ; 

R 4 Rr ^ Rc 


Provided the individual resistances may be evaluated, the total resistance 
can be obtained from this relation. Then the heat transfer current for the 
length of pipe (iV, ft) can be established by the relation: 

fire (Btu per hour) — (10) 

For a unit length of the pipe the heat transfer rate is: 

(Btu per hour foot) = 

The temperature drop, At, through an individual resistance may then be 
calculated from the relation: 

At = R qrc 

where R is the resistance in question. 

The problem is now reduced to one of evaluating the individual resist- 
ances of the system. This entails suitable integration of the rate Equa- 
tions 1, 2 and 3 to produce expressions of the form: 


where q is the heat transfer rate, and At is the potential drop or tempera- 
ture difference through the resistance R. Table 8 lists such solutions for 
six different conduction systems. Table 2 in Chapter 4 and Table 1 of 
this chapter indicate the magnitudes of the thermal conductivities, k, to 
be employed in the expressions of Table 8. 

The solution applicable to the problem depicted in Fig. 4, for the 
calculation of R 2 and R 9 , is case 2 in Table 8. Thus for b, 1 ft length of 
2 in. nominal size pipe (I. D. = 2.067 in., O. D. = 2.376 in.) insulated 
with 1 in. of cork: 


2% X 26 


= 8.5 X 10^ hr degree Fahrenheit per Btu. 

/\ i. 


, 2.188 
1.188 

' 2ic X 0.026 X 1 


< 3.9 hr degree Fahrenheit per Btu. 


The convection resistances to heat transfer from the pipe wall to Ae 
cold water, Ri, and from the air to the surface of the insulating material, 
Rc, are dependent on the flow conditions prevailing at these surfaces, and 
on the thermal properties of the fluids. The unit conductances for 
thermal convection, h, Btu per hour per square foot per degree Fahrenheit, 
have been determined by test for many flow systems. These data may 
be employed to predict the conductances for similar flow systems. Table 5 
summarizes some empirical equations expressing such test results. 
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For the problem under consideration (Fig. 4) case 3 of Table 5 is 
applicable for the calculation of the cold water side convection resistance 
Ri, Corresponding to the water velocity of 5 fps, the mass velocity is: 

C? — 5 (ft per sec) X 62.4 (lb per cu ft) X 3600 (sec per hr) = 11.2 X 10® lb per hour 
per square foot. 

2 067 

The inside diameter of the pipe D is ■ ^ = 0.1725 ft. 


The average water film temperature will be estimated as 36 F (mixed mean 
fluid temperature of 34 F). Then case 3, Table 5 yields: 

h = 0.00486 (1 + 0.36) P^^ square foot per de- 

gree Fahrenheit. 

The transfer area on which this conductance is based is the inside tube 
area. Associated with 1 ft length of pipe there are: 

X X X 1 = 0.542 sq ft. 

Thus the resistance for 1 ft of tube length is: 


;? 1 = 1 
' h%D XI 650 X 0.542 


= 2.8 X 10“^ 


Case 9, Table 5 is applicable for calculating the free thermal convection 
resistance, J?c, existing between the surrounding air and the insulation. 
The air temperature is given as 120 F. As an approximation a 20 F 
temperature difference between the air and the pipe surface will be 
assumed. Then case 9 yields : 



0.63 Btu per hour per square foot per degree Fahrenheit. (13) 


This result may not be deemed conservative inasmuch as the expression 
is for still air. If, however, the air is not still, but flows at approximately 
5 mph or 7 fps the mass velocity corresponds to: 


Cr = 7 X 0.07 X 3600 = 1770 lb air per hour per square foot. 


A magnitude of k = 0.014 Btu per hour per square foot per degree Fahren- 
heit for one foot thickness applied to case 4 yields: 

— 0.017 -f 2.8 « 2.8 Btu per hour per square foot per degree Fahrenheit. 


This conductance is based on 1 sq ft of outside lagging area. Thus, since 
4 375 

there are % X = 1.14 sq ft of outside lagging area associated with 
1 ft length of pipe: 
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Rc = 1 14 “ 0.312 hr degree Fahrenheit per Btu. 

The radiation resistance, Rr, which acts in parallel with the convection 
resistance, Rc, for the transfer of heat to the surface of the insulation, may 
be calculated. For the purposes of this illustrative problem it will be 
assumed that the insulated pipe is exposed to (sees) surroundings, which 
exist at 120 F. Then the angle factor, Fa, is unity and for an estimated 
surface emissivity of 0.9 (see Table 6), Fe = 0.9. As a first approximation 
the insulation surface temperature will be estimated as 20 F lower than 
the surroundings at 120 F. Then the radiation per degree of temperature 
difference, by Equation 3 (or more conveniently by Table 8) divided by 
the temperature difference will be: 

hr = i i>^ pgj. pgj- square foot per degree Fahrenheit. 

The outside surface area of the insulation associated with 1 ft of pipe 
length was previously calculated as 1.14 sq ft. Thus: 

Rr = 1 17 X 1 14 ” degree Fahrenheit per Btu. 

The resultant resistance of Rc and Rr acting in parallel (see Fig. 4) can 
now be evaluated as : 

Fahrenheit. 

Ri = 0.22 hr degree Fahrenheit per Btu. 

The individual resistances for a 1 ft length of pipe applying to the 
illustrative problem depicted in Fig. 4 have now been calculated and are 
summarized as follows : 

Ri convection from the pipe wall to the cold water = 2.8 X 10^* hr degree Fahren- 
heit per Btu. 

i ?2 conduction through the pipe wall - 8.5 X 10"^ hr degree Fahrenheit per Btu. 

Rt conduction through the cork insulation = 3.9 hr degree Faihrenheit per Btu. 

Ri parallel convection and radiation from the surroundings = 0.22 hr per degree 
Fahrenheit per Btu. 

Then: 

R'T = the overall resistance surroundings to cold water = Ri + F 2 + Fs + F 4 = 4,1 
hr degree Fahrenheit per Btu. 

Note that the controlling resistances are R^ and Ri. That is, the neglect 
of Ri and R 2 would not significantly influence the total resistance, Rt- 
On the basis of this resistance calculation the heat transfer from the 
surroundings to the cold water may be evaluated as: 

~ = 21 Btu per hour per foot 

N Rr 4,1 

or about 0.175 tons of refrigeration per 100 ft of pipe. 

Since the calculation is based on a 1 ft pipe length: 

qjc = 21 Btu per hour. 
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The temperature drops through the various resistances are now readily 
evaluated by Equation 12 as: 

Ai air to insulation surface — i ?4 ffrc 0.22 X 21 « 4.6 F. 

At through the insulation = Ri qrc = 3.9 X 21 == 82 F. 

At through the pipe wall ^ Ri qrc — 8.5 X 10“^ X 21 = 0.02 F. 

At pipe wall to cold water = Ri qrc = 2.8 X 10“* X 21 « 0.06 F. 

The solution was obtained on the assumption that the air temperature 
and the outside temperature differed by 20 F. In order to obtain a slightly 
better estimate of the rate of heat transfer the numerical solution should 
be repeated using the temperatures calculated from the previous listed 
temperature differences. 

The foregoing problem serves to illustrate a general method of solving 
steady-state heat transfer problems. There are many problems which 
cannot be approximated by steady-state solutions. For instance, the 
problem of pipe line insulation in transient service; the behavior of auto- 
matically controlled thermoflow circuits; or the periodic absorption of 
solar energy by roof and wall structures during the day and nocturnal 
radiation to the cold sky at night. The transient heat transfer problem 
differs from the steady-state in that energy storage rates need to be 
considered. Thus thermal capacity in addition to resistance effects are 
significant. The vector sum of the thermal capacitance and resistance is 
the thermal impedance. It is not within the scope of this chapter to deal 
with many of these problems. There are, however, solutions available 
in graphical form for certain special cases. Also a general approximate 
method may be employed which is analogous to the treatment of capacity- 
resistance lumped parameter electrical circuits. 
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Transfer Through Building Surfaces, Heat Trsuxsfer Symbols, 
Formulas for Calculating Overfall CoefRcients, Conductivity 
of Homogeneous Materials, Surface Conductance Coefficients, 

Air Space Conductance, Practical Coefficients, Computed 
Transmission Coefficients, Combined Coefficients of Trans~ 
mission. Basement Floor and Wall Coefficients, Condensation 
in Buildings 

I N order to calculate the heat transfer through walls, ceilings, floors and 
other parts of a structure it is necessary to know the rate of heat trans- 
fer through these surfaces. This rate of heat transfer is designated as the 
coefficient of transmission and can be determined by test in the guarded 
hot box apparatus, or calculated if certain constants are known. Because 
of the many possible combinations of materials in building construction, 
it is impractical to test each individual construction. ^ Instead the over- 
all coefficients of transmission are calculated from the individual or com- 
ponent conductivities and conductances according to the procedure 
described in this chapter. 

TRANSFER THROUGH BUILDING SURFACES 

A general discussion of the three methods of heat transfer — conduction, 
convection and radiation — will be found in Chapter 3. The heat trans- 
mission between the air on the two sides of a structure takes place by a 
combination of the three methods. In a simple wall built up of two layers 
of homogeneous materials separated to give an air space between them, 
heat will be received from the high temperature surface by radiation, 
convection and conduction. It will then be conducted through the 
homogeneous interior section by conduction and carried across to the 
opposite surface of the air space by radiation, conduction and convection. 
From here it will be carried by conduction through to the outer surface 
and leave the outer surface by radiation, convection and conduction. 

HEAT TRANSFER SYMBOLS 

The symbols representing the various coefficients of heat transmission 
and their definitions are: 

jj ss over-all coefficient of heat transmission; the amount of heat expressed in Btu 
transmitted in one hour per square foot of the wall, floor, roof or ceiling for a difference 
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in temperature of 1 F between the air on the inside and that on the outside of the wall, 
floor, roof or ceiling. 

k — thermal conductivity; the amount of heat expressed in Btu transmitted in one 
hour through 1 sq ft of a homogeneous material 1 in. thick for a difference in temperature 
of 1 F between the two surfaces of the material. The conductivity of any material 
depends on the structure of the material and its density. Heavy or dense materials, the 
weight of which per cubic foot is high, usually transmit more heat than light or less dense 
materials, the weight of which per cubic foot is low. 

C = thermal conductance; the amount of heat expressed in Btu transmitted in one 
hour through 1 sq ft of a non-homogeneous material for the thickness or type under 
consideration for a difference in temperature of 1 F between the two surfaces of the 
material. Conductance is usually used to designate the h^t transmitted through such 
heterogeneous materials as plasterboard and hollow clay tile. 

/ = film or surface conductance; the amount of heat expressed in Btu transmitted by 
radiation, conduction and convection from a surface to the air surrounding it, or vice 
versa, in one hour per square foot of the surface for a difference in temperature of 1 F 
between the surface and the surrounding air. To differentiate between inside and outside 
wall (or floor, roof or ceiling) surfaces, is used to designate the inside film or surface 
conductance and /o the outside film or surface conductance. 

a = thermal conductance of an air space; the amount of heat expressed in Btu trans- 
mitted by radiation, conduction and convection in one hour through an area of 1 sq ^ of 
an air space for a temperature difference of 1 F. The conductance of an air space depends 
on the mean absolute temperature, the width, the position and the character of the 
materials enclosing it. 

R = resistance or resistivity which is the reciprocal of transmission, conductance, 
oDr conductivity, i.e,: 

= over-all or air-to-air resistance. 

« internal resistivity. 

= internal resistance. 

= film or surface resistance. 

= air space resistance. 

Examples of the application of the over-all coefficient Z7for determining 
the heat trsinsfer by transmission, are given in Chapter 6. 


FORMULAS FOR CALCULATING OVER-ALL COEFFICIENTS 

The simplest method of combining the coefficients for the individual 
parts of the wall is to use the reciprocals of the coefficients and treat 
them as resistance units. The total over-all resistance of a wall is equal 
numerically to the sum of the resistances of the various parts, and the 
reciprocal of the over-all resistance is likewise the over-all heat trans- 
mission coefficient of the wall. For a wall built up of a single homogeneous 
material of conductivity k and x inches thick the over-all resistance, 



/i 


+ — + — 


(i) 


lithe coefficients /i,/o and k, together with the thickness of the material 
X are known, the over-all coefficient U may be readily calculated as the 
reciprocal of the total heat resistance. 

For a compound wall built up of three homogeneous materials having 
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conductivities k% and kz and thicknesses X2 and Xz respectively, and 
laid together without air spaces, the total resistance, 


U fi ^ kl ^ k2 ^ kz ^ fo 


( 2 ) 


For a wall with air space construction consisting of two homogeneous 
materials of thicknesses xi and xa, and conductivities h and fe, respectively, 
separated to form an air space of conductance a, the over-all resistance, 


-L s -1 — L JEl 4- — -j- -j — L- 

U . fi ki ^ a ^ fo 


( 3 ) 


Likewise any combination of homogeneous materials and air spaces can 
be put into the wall and the over-all resistance of the combination may be 
calculated by adding the resistances of the individual sections of the wall. 
In certain special forms of construction such as tile with irregular air 
spaces it is necessary to consider the conductance C of the unit as built 
instead of the unit conductivity k, and the resistance of the section is 

equal to The method of calculating the over-all heat transmission 

coefficient for a given wall is comparatively simple, but the selection of 
the proper coefficients is often complicated. In some cases the construc- 
tion of the wall is such that the substituting of coefficients in the accepted 
formula will give erroneous results. This is the case with irregular cored 
out air spaces in concrete and tile blocks, and walls in which there are 
parallel paths for heat flow through materials having different heat 
resistances. In such cases it is necessary to resort to test methods to 
check the calculations, and in practically all cases it has been necessary 
to determine fundamental coefficients by test methods. 

Conductivity coefficients for loose fibrous materials which are based on 
tests in the hot plate apparatus are generally applicable only to horizontal 
heat flow through walls where the material is confined by the wall surfaces. 
Such coefficients do not necessarily apply where the material is placed 
loosely between ceiling joists if there is a considerable amount of con- 
vection through the material, especially during cold weather when the 
heat flow is upward. According to one investigators the actual rate of 
heat flow through the loose insulating material may be somewhat 
greater than that indicated by the hot plate test, but in another caseS 
there was found to be a negligible difference between horizontal and 
vertical heat flow through loose materials. 


Conductivity of Homogeneous Materials 

The thermal conductivity of homogeneous materials is affected by 
several factors. Among these are the density of the material, the amount 
of moisture present, the mean temperature at which the coefficient is 
determined, and for fibrous materials the arrangement of fiber in the 
material. There are many fibrous materials used in building construc- 


iThe Effect of Convection in Ceiling Insulation, by G. B. Wilkes and L. R. Vianey (A.S.H.V.E. Journal 
Section of Heaitng, Ptptng 6* Air Conditioning^ February, 1943, p. 102). 

meat Transmission Through Insulation as Affected by Onentatwn of Walls, by F. B. Rowley and 
C. E. Lund (A.S.H.V.E. Journal Section of Beating, Ptptng &• Atr CondtUontng, July, 1943, p. 361). 
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tion and considered as homogeneous for the purpose of calculation, 
whereas they are not really homogeneous but are merely considered so as a 
matter of convenience. In general, the thermal conductivity of a material 
increases directly with the density of the material, increases with the 
amount of moisture present, and increases with the mean temperature at 
which the coefficient is determined. The rate of increase for these various 
factors is not the same for all materials, and in assigning proper coef- 



AIR VELOCITY, M. P. H. 


Fig. 1- Curves Showing Relation Between Surface Conductances for 
Different Surfaces at 20 F Mean Temperature 


fidents one should make certain that they apply for the conditions under 
which the material is to be used in a wall. Failure to do this may result 
in serious errors in the final coefficients. 

Surface Conductance Coefficients 

Heat is transmitted to or from the surface of a wall by a combination 
of radiation, convection and conduction. The coefficient will be affected 
by any factor which has an influence on any one of these three methods of 
transfer. The amount of heat by radiation is controlled by the character 
of the surface and the temperature difference between it and the sur- 
rounding objects. The amount of heat by conduction and convection is 
controlled largely by the roughness of the surface, by the air movement 
over the surface and by the temperature difference between the air and 
the surface. Because of these variables the surface coefficients may be 
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subject to wide fluctuations for different materials and different con- 
ditions. The inside and outside coefficients /i and/o are in general affected 
to the same extent by these various factors and test coefficients deter- 
mined for inside surfaces will apply equally well to outside surfaces under 
like conditions. Values for fi in still and moving air at different mean 
temperatures have been determined for various building materials®. 

The surface conductances for different materials at mean temperatures 
of 20 F are shown in Fig. 1. These values were obtained with air flow 
parallel to the surface and from other tests in which the angle of incidence 
between the direction of air flow and the surface was varied from zero 
to 90 degrees it would appear that values might be lowered approximately 
15 per cent for average conditions. While for average building materials 
there is a difference due to mean temperature, the greatest variation in 
these coefficients is caused by the character of the surface and the wind 
velocity. If other surfaces, such as aluminum foil with low emissivity 
coefficients were substituted, a large part of the radiant heat would be 
eliminated. This would reduce the total coefficient for all wind veloci- 
ties by about 0.7 Btu and would make but very little difference for the 
higher wind velocities. In many cases in building construction the heat 
resistance of the internal parts of the wall is high as compared with the 
surface resistance and the surface factors become of small importance. 
In other cases such as single glass windows the surface resistances con- 
stitute practically the entire resistance of the structure, and therefore 
become important factors. Due to the wide variation in surface co- 
efficients for different conditions their selection for a practical building 
becomes a matter of judgment. In calculating the over-all coefficients 
for the walls of Tables 4 to 16, 1.65 has been sdected as an average inside 
coefficient and 6.0 as an average outside coefficient for a 15-mile wind 
velocity. In special cases where surface coefficients become important 
factors in the over-all rate of heat transfer more selective coefficients 
may be required. 

The surface conductance values given in Table 1, Section A are based 
on recent tests and are for still air conditions and emissivities of 0.83 and 
0.05 respectively, and may be used where it is desirable to differentiate 
between vertical and horizontal surfaces or where coefficients applicable 
to low-emissivity surfaces are required. 

Air Space Conductance 

Heat is conducted across an air space by a combination of radiation, 
conduction and convection. The amount of heat by radiation is governed 
largely by the nature of the surface and the temperature difference 
between the boundary surfaces of the air space. Conduction and con- 
vection are controlled largely by the width and shape of the air space an^ 
the roughness of the boundary surfaces. 

The conductances of vertical air spaces bounded by such materials as 
paper, wood, plaster, etc., are given in Table 1, Section B, having emis- 
sivity jpo^dents; of 0.8 or higher, and with extended parallel„ surfaces 
perpendicular to the direction of heat flow. A conductance of 1.10 Btu 

^A.S.H.V.E. Research RRport No. 869 — Surface Conductances as Affected by Air Velocity, Tempera- 
ture and Character of Surface, by F. B. Rowley, A. B. Algr^ and J. L. Blackshaw (A.S.H.V.E. Transac- 
Tioi^s, Vol, 36, 1930, p. 429). 
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Table 1. Conductances (C) for Surfaces and Air Spaces 


All conductance values expressed tn Btu per hour per square foot per degree 
Fahrenheti temperature difference. 

Section A. Surface Conductances for Still Air® 


Position 

Direction 

Surface Emissivity 

OF Surface 

OF Heat Flow 





e - 0.83 

« - 0.05 

Horizontal 

Upward 

1.95 

1 16 

Horizontal 

Downward 

1.21 

0.44 

Vertical 


1.52* 

0.74 


Section B. Conductance of Vertical Spaces at Various Mean Temperaturesb 


Mean 


Conductances of Air Spaces for Various Widths in Inches 


i EMP 

Deg Fahr 

0 128 

0 250 

0 364 

0 493 

0 713 

1.00 

1500 

20 

2.300 

1.370 

1.180 

1,100 

1.040 

1.030 

1.022 

30 

2.385 

1.425 

1.234 

1.148 

1.080 

1.070 

1.065 

40 

2.470 

1.480 

1.288 

1.193 

1.125 

1.112 

1.105 

50 

2.560 

1.635 

1.340 

1.242 

1.168 

1.152 

1.149 

60 

2.660 

1.690 

1390 

1.295 

1 210 

1.195 

1.188 

70 

2.730 

1.648 

1440 

1340 

1250 

1240 

1.228 

80 

2.819 

1.702 

1.492 

1.390 

1.295 

1.280 

1.270 

90 

2.908 

1.757 

1.547 

1.433 

1.340 

1.320 


100 

2.990 

1.813 1 

1.600 

1.486 

1.380 

1.362 

1.350 

110 

3.078 

1.870 

1.660 

1 534 

1425 

1.402 

1.392 

120 

3.167 

1.928 

1.700 

1.580 

1.467 

1.445 

1.435 

130 

3.250 




1.610 

1.485 

1.475 

140 

3.340 

2 035 


1.680 

1.560 

1.530 

1.519 

160 

3.425 

2.090 

1.852 

1.728 

1.692 

1.569 

1.569 


Section G. Conductances and Resistances of Air Spaces 
Faced with Reflective Insulatione 


Location and 
Position of 

Direction 

of 

Heat 

Flow 

Temp^ 

Diff 

Deg Fahr 

Conductance* 

(O 

Resistance* 

(^) 

Air Space 


Summer 

No. of Air Spaces 

No. of Air Spaces 




X 

2 

3 

1 

2 

3 

Rafter Space 
(8 in.) 

Horizontal 

Horizontal 

Down 

Up 

45 

45 



0.10 

0.27 

0.07 

0.17 


10.00 

3.70 

14.29 

5.88 

Horizontal 

Horizontal 

Down 

Up 


25 

25 


0.09 

0.24 

0.06 

0.16 


11.11 

4.17 

16.67 

6,25 

30 deg slope 

30 deg slope 

Down 

Up 

45 

45 



0.15 

0 25 

0.10 

0.17 


6.67 

4.00 

10.00 

6.88 

30 deg slope 

30 deg slope 

Down 

Up 


25 

25 


0.13 

0.23 

0.09 

0.14 


7.69 

4.35 

11 11 
7.14 

Stud Space 
(3H.in.) 

Vertical-^ 

Vertical 


30 

40 


0.34 

0.23 

0.13 

2.94 

4.35 

1 

7.69 

Vertical 

Vertical 



16 

20 

0.32 

0.18 

0.11 

3.13 

5.66 

9.09 

Vertical^ 


30 


0.46 



2.17 




•Radiation and Convection from Surfaces in Various Positions, by G. B. Wilkes and C. M. F. Peterson 
(A.S.H.V.E. Transactions, Vol. 44, 1938, p 613). 

1»A.S.H.V.E. Research Report No. 82&— Thermal Resistance of Air Spaces, by F. B. Rowley and A. B. 
Algren (A.S.H.V E. Transactions, Vol. 36, 1929, p. 166). 

cThermal Test Coefficients of Aluminum Insulation for Buildings, by G. B. Wilkes, F. G. Hechler and 
E. R. Queer (A.S.H.V.E. Transactions, Vol. 46 1940). 

‘^Temperature difference is baaed on total space between plaster base and sheathing, flooring or roofing. 

•These air space conductance and resistance values are based on one reflecrive surface (aluminum) 
having an emisslvity of 0.05 facing each space and are based on total space between plaster base and sheath- 
ing. flooring or roofing. . The rafter and stud spaces are divided into equal spaces. 

•^Stud space is lined on plaster base side with loose paper with aluminum on surface facing air space. 
The resistance of the small air space between the plaster base and paper was 0.43. 

•Radiation and Convection Across Air Spaces in Frame Construction, by G. B. Wilkes and C. M. F. 
Peterson (A.S.H.V.R. Transactions, Vol. 43, 1937, p. 351). 

*The recommended surface conductance for calculating heat losses for still air for non-reflective surfaces 
is 1.65 Btu. For a 15 mph wind velocity, the recommended value is 6.0 Btu, These comments were 
derived from Fig. 1 which was based on tests conducted at the University of Minnesota, and apply to 
vertical surfaces. 
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per hour per square foot per degree Fahrenheit temperature difference 
(resistance = 0.91) based on this table was used for calculating the 
over-all coefficients given in Tables 4 to 16 inclusive for air spaces ^ in. 
or more in width. Air space tests^ reported by Wilkes and Peterson 
resulted in comparable values. For 3^ in. horizontal air spaces having 
an effective emissivity of 0.83, the conductance for heat flow upward was 
1.32 and for heat flow downward, 0.94. The conductance for a similar 
vertical air space was 1.17, the resistances of course being the reciprocals 
of these values in each case. 

A large part of the heat transferred across air spaces bounded by ordi- 
nary materials is by radiation. Therefore, if such air spaces are faced 
with metallic surfaces such as aluminum foil, coated sheet steel or other 
low-emissivity, infra-red reflective metal surfaces, the radiant heat trans- 
fer will be substantially reduced, thus causing the major portion of the 
remaining transmitted heat to be by convection. Table 1, Section C, 
gives conductances and resistances for air spaces bounded by one reflec- 
tive surface having an emissivity of 0,05, It will be noted that the con- 
ductance values given in this table are a function of the temperature 
differences across the space rather than mean temperature, the larger 
the temperature difference, the larger the conductance. The radiant heat 
transfer is the same regardless of whether the low emissivity surface is on 
the high or low temperature surface of the space, and is independent of 
the width of the space.* To minimize the convection transfer the vertical 
air space should be at least % in. in width. 

When referring to reflective heat-insulating surfaces, the term brightness 
which deals witn visible light has no specific meaning and should be 
avoided®. Emissivity and reflectivity definitely define the radiating and 
reflecting properties and values may be determined directly for long wave- 
length radiation corresponding to room temperature. As previously 
stated, the values in Table 1, Section C, are based on an emissivity of the 
reflective- surface of 0.05. Obviously for higher emissivity values the 
^ conductances will increase accordingly. For example, libn-metallic reflec- 
tive materials are available having emissivity values approximately 
midway between those of metallic reflective insulations and ordinary 
building material surfaces. These materials will have a correspondingly 
higher radiant heat transfer and where such materials are under con- 
sideration, due allowance should be made for the higher emissivity value 
in arriving at the proper air space conductance. 

Where reflective insulating materials are involved the possible increase 
in the emissivity coefficient due to surface coatings or chemical action® 
should be studi^ by the engineer in order to satisfy himself as to the 
permanence of the reflective surface for the conditions under which this 
material will be used. In making installations of this material the par- 
titions between air spaces should be tight, particularly at the top and 
bottom so that air cannot circulate between adjacent spaces. 

When reflective insulating materials are installed with multiple air 

' ■‘Radiation and Convection Across Air Spaces in Frame Construction, by G. B. Wilkes and C. M. F, 
Peterson (A.S.H.V.E. Transactions, Vol. 43, 1937, p. 361). 

•Some Reflection and Radiation Characteristics of Aluminum, by C. S. Taylor and J. D. Edwards 
(A.S.H.V.E. Transactions, Vol. 45, 1939, p. 179). 

•Thermal Test Coefficients of Aluminum Insulation for Buildings, by G. B. Wilkes, F. G. Hechler and 
E. R. Queer (A.S.H.V E. Transactions, Vol. 46, 1940, p. 109). 
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Table 2. Conductivities {k) and Conductances (C) of Building and 
Insulating Materials 

Thtsa constants are expressed vn Btu per hour i)er square foot per degree Fahrenheit temperature difference. 
ConducttvUies (k) are per tnch thickness and conductances (C) are for thickness or construction stated^ 
not per inch thickness. 



BUILDING BOARDS 
(NON-lNBULATmQ)„ .. 


FRAME CONSTRUCTION 
COMBINATIONS....^ 


MASONRY MATERIALS 
Bbick... 


CiAT Ton, Hollow 


Compressed cement and asbestos sheets 

Corrugated asbestos board 

Pressed asbestos mill board 

Gypsum board— gypsum between layers 

of heavy paper 

5^ in, gypsum board 

in. gypsum board 

in. gypsum board 


1 in. fir sheathing and building paper 

1 in. fir sheathing, buildmg paper and 

yellow pine lap siding 

1 m. fir sheatmng, buildmg paper and 

stucco .. 

Pine lap siding and building pap^, Hiding 

yiow pine lap skUng. ........ 


Damp or wet 

Common yellow day brick*-... - 

One tier yellow common day brick, one 
tier face brick, approx. 8 in. thick*-. . 


2 in. Tile, H >&• plaster both sides.- 

4 in. 1116, yi in. plaster both sides 

6 in. Tile, HuL plaster both sides.-. ...... 

8 in. Tile, average of 8 types (Walls No. 

59, 63, 04, 66, 67. 90, 91, 92») 

12in.CliQrtilewall: 8 in. x 5 in. z 12 in. 
and 4 m. z 5 in. X 12 in.*.........- 


CoNDTJcrmrr 

Mean on Resistance 
Conductance 

6«es, t;— 777 

»> < 0 ) 



6.0* 


0.20 

4.8 

.... 

0.21 

... 

0.77 

1.30 





11.35 

0.09 

- 



to 

to 



16.36 

0.06 

142 

75 

12.6 

0.08 

132 

75 

10.8 

0.09 

97 

75 

4.9 

0.22 

746 

75 

2.27 

0.44 

65.0 

75 

2.42 

0.41 

59.9 

76 

2.28 

0.44 

67.1 

76 

2.86 

0.35 

76.0 

70 

1.6 

0.63 

20 

90 

0.68 

1.47 

26.7 

90 

0.76 ' - 

1.32 


Sand and gravd aggregate, various ages 
and mixes - 

Sand and gravd aggregate 

limestone aggregate - ......... 

Cinder aggremte - 


Pumice (Mined in Califomia) aggregate*. 

Expanded burned day aggregate*. 

Burned clay aggregate*— - .. - 

Blast fum^ slag aggregate.-. . 

Expanded vermiculite aggregate 

Expanded vermiculite aggregate- . . 


Authorities: 

^U. S. Bureau of Standards, tests based on san:u}les submitted by manufacturers. 

*A. C. Willard, L. C. Lichty and E. A. Harding, tests conducted at the University of Illinois. 

*J* C. Peebles, tests conducted at Armour Institute of Technology, based on samples submitted by 
manufacturers. 

^F, B. Rqwley, et al, tests conducted at the University of Minnesota. 

•A.S.H.V-E. Research Laboratory. 

A. Allcut, tests conducted at the Uhiversity of Toronto. 

*See. Thermal Conductivity of Building Materk^, by F. B. Rowley and A. B. Algren (Univereity of 
Minnesota Engineering Experimental Siaiton Bulletin No. 12). 

*Heat Transmission Through Insulation as Affected by Oneutation of Walls^ by F. B, Rowley and C- E. 
Lund (A.S.H.V.E. Journal Section off Heating, Piping kr Air Conditioning, July, 1943), 

*The Effect of Convection in Ceiling Insulation, by G- B. Wiljces and L. R. Vianey (A.S.H.V.E. Journal 
Section of Heating, Piping 6* Air Conditioning, February, 1943). 

‘^See A.S.H.V.E. Research Report No. 9 1&— Conductivity of Concrete, by F, C, Houghten and Carl 
Gutberlet (A.S.H.V.E. Transactions, Vol. 38, 1932, p. 47). * 

'Recommended value. (See Heating, Ventilating and Air Conditioning, by Harding and Willard, refvlsed 
edition. 1932). , . 

/See BMS13, U. S. Department of Commerce, National Bureau of Standards, Washington, D. C. 

Roofing, 0.15 in. thick (1.34 lb per square foot), covered with gravel (Q.83 lb per square foot), combined 
thickness assumed 0.25. 
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Table 2. Conductivities (k) and Conductances (C) of Building and 
Insulating Materials — Continued 

These constants are expressed tn Btu per hour per square foot per degree Fahrenheit temperature difference, 
Condudtvihes (fe) are Per inch thickness and conductances (C) are for thickness or construction stated, 
not per inch thickness. 


MASONRY MATERIALS 
— (Contimued) 

CoNCKBTH — (Continued) . Expanded venniculite aggregate . 

Expanded vemnculite aggregate . 

Concrete plank 

Cellular concrete 

Cellular concrete 

Cellular concrete.. . 

Cellular concrete , 


CONDTJCTIVITT 
Mean oe 
TEMP Conductance 


8 In. Concrete Blocks 



8 in. three oval core, sand and gravel 

aggregate* — ... 126 4 40 

8 in. three oval core, crushed limestone 

aggregate* 134 3 40 

8 in. three oval core, cinder aggregate* . 86 2 40 

8 in. three oval core, burned aggre- 
^te» ... ... „ . 67.7 40 

8 m. three oval core, expanded blast 
furnace slag aggregate* .... .. 40 


(i) “ (?) 


12 In. Concrete Blocks 

8 1 12 X It 3 «v«l cor« esnereti Wockt 



12 in. three oval core, sand and gravel 


12 in. three ov^ core, bum* 


124.9 

40 


0.78 

128 

86.2 

40 



0.53 

1.88 

76.7 

40 



0.47 

2.13 


Gtpsum 3 in. solid gypsum partition tile® . ... 

3 in. three cell gypsum partition tile* .. 

4 in. three cell gypsum partition tile*... . 
87 per cent gypsum, 12J^ per cent wood 

chips . 

G 3 T)sum plaster ..... . . 


PLASTERING MATERIALS Gypsum plaster, M m. thick 

Cement paster 

WoQ^ lath and plaster, total thickness 

Hin — 

G:^um plaster and ei^anded venni'- 

culite, 4 to 1 mix ... 

Insulating plaster 0.9 in. thick apphed to 
% in. gypsum board. 


ROOFING Asbestos shinies 

Asphalt, composition or prepared 

Built-up roofing, bitumen or felt, gravel 

or slag suifa^» 

Slate - 

Wood shinglea 


WOODS Balsa 

Balsa... 

'Rfl.lflft ...... 

California redwood, 0 per cent moisture*... 
Cypress...,. .... ... . 

Dou^ fir, 0 per cent moisture*. 

Eastern heroic^, 0 per cent moisture*.. . 
Long leaf yellow pine, 0 per cent moisture* 
Mahogany 


51.2 

74 

2.41 

1.66 

3.30 

0’.74 

0.60 

0.42 

1.35 

1.67 

0 60 

0.30 

I 

(4) 


73 


8B0 

on 

(4) 

. ... 

.... 

8.00 

.... 

0.13 

(2) 



70 



2.50 

0.40 

C4) 

39.9 

75 

0.85 

.... 

1.18 

(3) 

54.0 

75 


1.07 

0.93 

(3) 

650 

75 


60 

0.17 

(3) 

70.0 

75 


6.5, 

0.15 


70.0 

75 


6,5 

0.15 

(8) 



1.33 


0.75 

(2) 


.... 

10.00 


0.10 






i!^ 

0.78 



See notes on Page 94. 
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Table 2. Conductivities (k) and Conductances (C) of Building and 
Insulating Materials — Continued 

These constants are expressed in Btu per hour Per square foot per degree Fahrenheit temperature difference. 
Conductivities (k) are per inch thickness and conductances (C) are for thickness or construction stated, 
not per inch thickness. 


Material 

Description 

Density 
(Lb per 
SqFt) 

ifil 

Conductivity 

OR 

Conductance 

Resistance 

§ 

s 

(k) 

(C) 

(i)'ft) 

WOODS— (Contmued) 









Hard maple, 0 per cent moisture* 

46.0 

75 

105 


0.95 

(4) 


Maple .. 

44.3 

86 

1.10 

.. 

0 91 

(1) 


Maple, across grain 

40.0 

75 

1.20 


0.83 

(3) 


Norway pme, 0 per cent moisture® . 

32.0 

75 

0.74 

.... 

135 

(4) 


Red (ypress, 0 per cent moisture® . 

32 0 

76 

0.79 


1.27 

4) 


Red oa^ 0 per cent moisture* . 

48.0 

75 

1.18 


0.85 

(4) 


Short lea^ y^ow pine, 0 per cent moisture® 

36.0 

75 1 

0.91 

.... 

110 

(4) 


Soft elm, 0 per crat moisture® 

34.0 

75 

0 88 

... 

114 

4) 


Soft maple, 0 per cent moisture® 

42 0 

75 1 

0 95 


1.05 

4) 


Sugar pme, 0 per cent moisture® 

28.0 

75 

0.64 


1.66 

4) 


Virgima pine ... . . 

34.3 

86 

096 


1.04 



West coast hemlock, 0 per cent moisture® 

300 

75 

0 79 


1.27 

4) 


White pine 

312 

86 

0.78 


1.28 

1) 


Yellow pine . 



100 


1.00 

3) 


Sawdust, various . . ... 

12 0 

90 

0 41 


2.44 

1) 


Shavings, various from planer . . . 

8.8 1 

90 

0.41 


244 

(1) 


Shavings* from maple oeech and birch 








(coarse) . . 

13.2 

90 

0.36 


2.78 

(1) 

INSULATING MATERIALS 








Bunkbt and Bat 

Chemically treated wood fibers held 







Insijutions 

between layers of strong paper . .. 

3.62 

70 

0.25 

^ 1 

4.00 

(3) 


Eel grass between strong paper .... 

4.60 

90 

026 


3.85 



Eel grass between strong paper .. 

3.40 

90 

0 25 


4.00 



Pla\ fibers between strong paper . . . 

490 

90 

0 28 


3.57 

h) 


Chemically treated hog hair between 








kraft paper . 

5.76 

71 

0.26 


3.85 

(3) 


Chemically keated hog hair between 








kraft paper and asbestos paper 

770 

71 

0.28 


3.57 

(3) 


Hmr felt between layers of paper ... . 

11.00 

75 

0 25 


4.00 

3) 


Kapok between burlap or paper . 

100 

90 

0.24 


417 

(1) 


Stitched and creped expanamg fibrous 








blanket. . . . 

150 

70 

0 27 


3 70 

(3) 


Paper and asbestos fiber with emulsified 





1 

1 



asphalt bmder.. . 

4.2 

94 

0.38 


3.57 

(1) 


Cotton insulating bat 

0 875 

72 

024 


4.17 

(3) 


Felted cattle hair . 

13.00 

90 

0 26 


3.84 

(1) 


Felted cattle hair . 

11.00 

90 

0 26 


3.84 

U) 


Felted hair and asbestos .. 

7.80 

90 

0.28 


3 57 

(1) 


Ground paper between two layers, each 








% m thick made up of two layers of 








kraft paper (sample % in. thick) 

12.1 

75 


0 40 

2.50 

(4) 


3 in. mineral wool bats, barrier lapped on 








warm side; horizontal porition^ . ... . 

3 67 


0.30 


3.33 

(4) 


3 m. mineral wool bats, barrier laid on 








warm side; horizontal position^ . . 

2.24 


0 26 

.... 

384 

(4) 


3 in. mmerai wool bats, barrier laid on 







- 

warm side; vertical position^ . . 

2.24 


0 25 


4.00 

(4) 


4 in mineral wool bats, bamer lapped on 








warm side; horizontal positio#, . 

3.0 


0 31 


1 3.22 

(4) 


4 in. mineral wool bats, femor lapped on 








warm side; vertical position*^ ... 

30 

... 

0.33 


1 3.03 

(4) 


4 in. mmeral wool bats, no barriers; 








horizontal position** 

1.77 

... 

0.30 

.... 

3.33 

(4) 

Rbplbctivb 

See Tabic 1, Section C 

1 

... 



... 



InBDIiATING Boaed 

Made from sugar cane fiber 

1 m 

70 

0.83 


3.03 

(3) 


Made from corn stalks 

15.00 

71 

( 0.33 


3.03 

3) 


Made from exploded wood fibers . . . . 

17.90 

78 

0.32 


3.12 

(4) 


Made from hard wood fibei^. 

16.20 

1 70 

1 0.32 


3.12 

(3) 


Made from wood fiber 

16.90 

1 72 

0.33 


3.03 

(3) 


Made from wood fiber 

15.00 

70 

0.33 

i 

3.03 

(3) 


See notes on Page 94. 


96 






CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS 


Table 2. Conductivities (k) and Conductances (C) of Building and 
Insulating Materials — Concluded 

These constants are expressed in Btu per hour per square fo<^ per degree Fahrenheit temperature difference. 
Conductivities (k) are per inch thickness and conductances (C) are for thickness or construction stated, 
not per inch thickness. 


Material 

Description 

Dbnsitt 
(Lb PER 
SqFt) 

Mean 

TEMP 

(Dbg 

Pahe) 

Conductivity 

OB 

Conductance 

Resistance 

Adthokity 

(A) 

(0 


INSULATING MATERIALS 








-*Continued 








Insthating Board 

Made from wood fiber . 


52 

0.33 


3.03 

(6) 

— Continued 

Made from wood fiber 

8.50 

72 

0.29 


3.45 

(3) 


Made from wood fiber 

15 20 


0.33 


3.03 

(3) 


Made from wood fiber 

1690 

90 

0.34 


, 2.94 

(1) 


Made from hconce root 

16.1 

81 

0.34 


2.94 

(3) 


3^ in. insulating boards without special 








finish/ (eleven samples) . 

16.5 

90 

0.33 


3.03 

(1) 



to 


to 


to 




21B 


0.40 


2.50 



1 in. insulating board* 

13 2 


0.34 


2 94 

(4) 

Loose Fill Type . . 

Made from ceiba fibers 

1.90 

75 

0.23 


4.35 



Made from ceiba fibers 

1.60 

75 

024 


4.17 

(3) 


Fibrous material made from ddomite 








and silica 

1.50 

75 

0.27 


3.70 

(3) 


Fibrous material made from slag . . . 

9.40 

103 

0.27 


3.70 

(1) 


Redwood bark . . „ ... 

3.00 

90 

0.31 


3.22 

J! 


Redwood bark 

5 00 

75 

0.26 


384 

(3) 


Glass wool fibers 0.0003 m. to 0.006 in. 








m diameter 

1.50 

75 

0 27 


3.70 

(3) 


Granular insulation made from combmed 








silicate of lime and alumina . . . 

4.20 

72 

0.24 


417 



Expanded vermiculite 



0.48 


2 08 

Id 


Expanded vermiculite, partide size— 








—3 + 14 

6.2 


0 32 


3 12 

(3) 


Regranulated cork about % in. particles 

810 

90 

0 31 


3 22 



Hand applied granular min^ 2 in. 

6.05 


0 30 


3 33 ‘ 

(4) 


to 6 in thick; horizontal poritioni*. 

to 


to 


to 



No covering 

7.13 


0 33 

... 

303 



4 in. machine blown granular mineral 








wool, horizontal porition<>. No covering 

5.74 


0 30 


3.33 

(4) 


Rockwod , . 

10.0 

90 

0.27 1 


3.70 

(1) 

Slab Instjutions . 

Gorkboard, no added binder . 

14 0 

90 

0.34 


294 



Corkboard, no added binder 

10.6 

90 

0.30 


333 

SD 


Corkboard, no added binder . 

70 

90 

0.27 


3.70 



Corkboard, no added binder . 

5.4 

90 

0.25 


4 00 

(1) 


Corkboard®., . 

8.7 


0 29 


3.45 



Corkboard, asphaltic binder 

14.5 

90 

0.32 


312 

(1) 


Chemically treated hog hair with film of 








asphalt 

10 0 

75 

0 28 


3 57 

(3) 


Sugar cane fiber insulation blocks en- 








cased m asphalt membrane 

13 8 

70 

0 30 


3.33 

(3) 


Made from 85 per cent magnesia and 








15 per cent asbestos 

19.3 

86 

0.51 


1.96 

(1) 


Made from shredded wood and cement 

24.2 

72 

0.46 

... 

2.17 



Made from shredded wood and cement® 

29.8 


0 77 


1.30 

(4) 


See notes on Page 94. 

spaces, the position (vertical, horizontal or inclined) of the material in the 
structure must be taken into consideration. For example, the resistance 
to heat flow upward is about one-third that of downward flow in a hori- 
zontal position in the same construction, as will be apparent from Table 1, 
Section C. However, the difference between upward heat flow through 
single horizontal or sloping air spaces and through single vertical air 
spaces is comparatively small for the same temperature difference. Con- 
sequently the same conductance value (0.46) may be used for computing 
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Table 3. Conductivities (ife) and Conductances (C) Used in Calculating 
Heat Loss Coefficients (U) in Tables 4 to 16 

These constants are expressed in Btu per hour per square foot per degree Fahrenheit temperature difference, 
ConducHvtttes (Jz) are per inch thickness and conductances (C) are for thickness or construction stated, 

not per inch thickness. 


MATERIAL 

DESCRIPTION 

Conductivity 

OR 

Conductance 

Resistance 

(fc) 

(O 

(!)-(« 

AIR SPACES 





Bounded by obdinaet matbbials . 

Vertical®, % in, or more in width 


1.10 

0.91 

Bounded by aluminum roui. 

Vertical®, % in. or more m width 


0.46 

2.17 

EXTERIOR FINISHES (Frame Walls) 





Bbick Veneer.- 

4 in. thick (nominal) 




0.44 

Stucco (1 in.) 


‘i2ib 


0.08 

Wood Shingles 



1,28 

0.78 

Yellow Pine Lap Siding.- . . . . 



1.28 

0.78 

INSULATING MATERIALS 





Aluminum Foil 

See Air Spaces 





Bats-. 

Enclosed both aidM - 

o‘i7 

— 

3.70 

Blankets ... - 

Made from mineral or vegetable fib^ or 





animal hair. 

0.27 



3.70 

CoRKBOAED 

Pure, no added binder 

030 


3.33 

Insulating Board 

^ 

0.33 


3.03 

Mineral Wool 

^ ^ ^ . „ ^ 

0.27 


3.70 

Vebmiculitb 



0.48 



2.08 

INTERIOR FINISHES 





Composition Wallboard 

•/li in. to 5^ in. thidc. 

0.50 


2.00 

Gypsum Plaster 


3.30 


0.30 

Gypsum Board in.) 

Plain or decorat^ 


.. 

3.70 

OJ27 

Gypsum Lath (H in.) and Plaster, 

Plaster thickness assumed 


2.4 

0.42 

TNBTTiJkTtNO BnAnn ra.) 

Plain or decorated - 



1.62' 

Insulating Board Lath (H in.) and 





Plaster . 

Plaster thickness assumed H in 



1.67 

Insulating Board Lath (1 in.) and 





Piaster — 

Plaster thickness assumed H in 



3.18 

Metal Lath and Piaster ... 

Plaster thickness assumed % in 


440 

0.23 

Plywood m.) 

Plain or decorated 



0.47 

Wood Iath and Plaster . .. . 




“2.50 

0.40 

MASONRY MATERIALS 





Brick 

Adobe 

3.56 


0.28 

Brick. 

Common 

5.00 


0.20 

Brick. 

Face....- 

9.20 


0.11 

Cement Mortar 



12.00 


0.08 

3 IN. Clay tile fHOLLOw). 





"1.28 

0.78 

4 in. Clay tilb chollow) - 




1.00 

1.00 

6 in. Clay tilb (hollow) 

. , , 


0.64 

1.67 

8 in. Clay tile (hollow) 



0.60 

1.67 

10 IN. Clay tile (hollow)-. . 

. 


0.58 

1.72 

12 IN. Clay tile (hollow) 




0.40 

2,50 

16 IN. Clay tilb (hollow) 

. ... 


0.31 

3.23 

Concrete 

Light weight aggregate. 

*2.50 


0.40 

Concrete 

Sand and gravel aggregate 

12.00 


0.08 

3 IN. Concrete blocks.- 

Hollow, cmder aggregate- 

..... 

* 1.28 

0.78 

4 IN. Concrete blocks 

Hollow, cinder aggregate. 


1.00 

1.00 

8 IN. Concrete blocks. 

Hollow, gravel aggregate 


1.00 

1.00 

12 IN. Concrete blocks 

Hollow, gravel aggregate- - 


0 80 

1.26 

8 IN. Concrete blocks 

Hollow, cindOT aggre^te....„ 


oieo 

1.66 

12 IN. Concrete blocks 

Hollow, cinder aggregate... 


0.63 

1 88 

8 IN. Concrete blocks 

Hollow, light we^t aggregate^ 


0.60 

2.00 

12 IN. Concrete blocks 

Hollow, light weight aggre^te^ 


0.47 

2.13 

Gypsum btber concrete 

87J^ per cent gypsum and 12^ pw cent 





wood chips 

L66 


0.60 

3 IN. Gypsum tilb 

‘Hollow 


0.61 

1.64 

4 IN. Gypsum tilb 

H(^ow.... - 


0.46 

2.18 

Stucco 



iDb 


0.08 

Tile and Tbrbazzo - 

For flooring " 7. 

12 00 



0.08 


^Conductance values for horizontal air spaces defend on whether the heat flow is upward or downward, 
but in most cases it is sufficiently accurate to use the same values for horizontal as for v^cal air spaces. 
^Expanded slag, burned clay or pumice. 
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Table 3. Conductivities ( k ) and Conductances (C) Used in Calculating 
Heat Loss Coefficients ( 17 ) in Tables 4 to 16 — Concluded 

These constants are expressed in Btu per hour per square foot per degree Fahrenhett temperature difference. 
ConducttvUies (k) are per inch thickness and conductances (Q are for thickness or construction stated^ 

not per inch thickness. 


material 

DESCRIPTION 

CoNDucnyiTY 

oh 

Conductance 

Resistance 



(A) 

(0 

(i)“ (i) 

roofing materials 





Asbbstos Shinglbs 




6.00 

0.17 

Asphaivt Shingles 



6.50 

0.15 

BuH/r-UP HOOPING. - 

Assumed ttiickness H 



3.53 

0.23 

Hea-vt Roll HOOFING 



6.50 

0.15 

Slate - 


10.00 


0.10 

Wood Shingles 





l‘.28 

0.78 

sheathing 





Gypsum (M in.) 



2.82 

0.35 

Insulating Boabd (}% in.) . . 

’** * * 

- 



2.37 

Plywood m.) 


1 1, T- 



0.39 

Feb oh Yellow Pine (1 in.) 

Actual thickness ’^6 “ 





0.98 

Fm, PLUS BUILDING PAPEH 

Actual t.liiftlmftBfl 


0.86 

1.16 

SURFACES 





SniiL AIH 

Ordiuaiy uon-reflective materials, yertical . 



1.65 

0.61 

15 MPH WIND TELOCITY .. 

Ordmary noH-redecriTe materials, yerlicaL 


6.00 

0.17 

WOODS 

Fib SHEATHING (1 IN.) BUILDING PAPEH 




2.00 

AND Yellow Pine lap siding 


. 

0.50 

Maple oh Oak - 


1.15 


0.87 

Yellow Pine oh Feb 

• 

0.80 

. .. 

1.25 


coefficients involving upward heat flow through horizontal and sloping 
air spaces bounded on one side by aluminum foil applied to plasterboard, 
as for similar vertical air spaces. 

As already stated, a conductance value of 1.10 was similarly used in all 
caises for calculating the coefficients of construction involving vertical, 
horizontal and sloping air spaces bounded on both sides by ordinary 
building materials. 


PRACTICAL COEFnCIENTS 

For practical purposes it is necessary to have average coefficients that 
may be applied to various materials and types of construction without 
the necessity of making tests on the individusd material or combination of 
materials. In Table 2 coefficients are given for a group of materials which 
have been selected from various sources. Wherever possible the proper- 
ties of material and conditions of tests are given. However, in selecting 
and applying these values to' any construction a reasonable amount of 
caution is necessary; variations will be found in the coefficients for the 
same materials, which may be partly due to different test methods used, 
but which are largely due to variations in materials. The coeflicients 
which have been used for the calculation of over-all coefficients are given 
in Table 3. 

It should be recognized in these tables of calculated coeflSdents that 
space limitations will not permit the inclusion of all the combinations of 
materials that are used in building construction and the varied applications 
of insulating materials to these constructions. Typical examples are given 
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Table 4. Coefficients of Transmission (£/) of Frame Walls 

Coefficients are expressed in Biu per hour per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on a wind velociiy oft 5 mph. 

No Insulation Between Studs® (See Table 5) 


exterior finish 


Wood Siding 
(Clapboard) 

vm 

JlPtMrt I 




Wood<* Shinolbs 
/-rirpA WOOD 




*rTU7A »;Tt/CC0> 




Bbick Vbnbbr* 

/W/v 


/KtAiHirca^ 


INTERIOR FINISH 

Gypsum 
04 IN. 
thick) 

TYPE OF SHEATHING 

Ply- Wood/ Insul- 
WOOD ating 

IN. thick) Board 
thick) Bldg ("/^in. 
Paper thick) 


A 

B 

C 

D 

Metal Lath and Plaster*' . 

Gypsum Board (H in.) Decorated 

Wood Lath and PlMter 

Gypsum Lath in.) Plasto-ed^ . 

Plywood (5^ m.) Plana or Decorated . 
Insulating Board (H iii.) l*la^ or Decorated 

Insulating Board Lath fH in.) Plastered^ 

Insulating Board Lath (1 in.) Plastered® . 

033 

0 32 

0 31 

0 31 
0.30 
0.23 
0.22 
0.17 

0.32 

0 32 
0.31 

0 31 

0 30 
0.23 
0.22 
0.17 

0.26 

0 25 
0.25 

0 25 
024 
0.19 
0.19 
0.15 

0 20 

0 20 
0.19 
0.19 
0.19 
0.16 
0.15 
0.12 

Metal Lath and Plaster*' ... 

0.26 

0.25 

0.26 

0.17 

Gypsum Board in ) Decorated . .. . 

0.25 

0 25 

0.25 

0.17 

Wood Lath and Plaster . . 

0 24 

024 

0 25 

0.16 

Gypsum Lath {% in ) Plastered® 

024 

0.24 

0.26 

0.16 

Plywood in.) Hain or Decorated 

0.24 

0 24 

0.24 

0.16 

Insulatmg Board (H m.) Plain or Decorated 

019 

019 

019 

0.14 

Insulating Board Lath ()^ in.) Plastered®. 

0.19 

018 

0.19 

0.13 

Insulating Board Lath (1 in.) Plastered®.. . 

0.14 

0.14 

0.16 

0.11 

Metal Lath and Haster^ 

0.43 

0.42 

0.32 

0.23 

Gypsum Board in ) Decorated . . 

0.42 

0.41 

0.31 

0.23 

Wood Lath and Plaster 

0.40 

0.39 

0.30 

0.22 

Gypsum Lath (H in.) Plastered® 

0.39 

0.39 

0.30 

0.22 

Hs^ood (H in.) Hain or Decorated 

039 

0 38 

0.29 

0.22 

Insulating Board (.H in.) Plain or Decorated 

0.27 

0 27 

0.22 

0.18 

Insulating Board Lath 04 in.) Plastered® 

0 26 

0.26 

0.22 

0.17 

Insulating Board Lath (1 m ) Plastered® 

019 

019 

0.16 

0.14 

Metal Lath and Plaster^,.... 

037 

0.36 

0.28 

0 21 

Gypsum Board (H m.) Decorated 

0.36 

036 

0.28 

0.21 

Wood Lath and Plaster .. 

0.36 

0.34 

0.27 

0 20 

Gypsum Lath 04 m.) Plastered® 

034 

0.34 

0.27 

0.20 

Plywood Oi m.) Plain or Decorated 

0 34 

0.33 

0.27 

0.20 

Initiating Board (H in.) Plain or Decorated. .. 

0.26 

0.26 

0.21 

0.17 

Insulating Board Lath 04 in.) Plastered® 

0.24 

0.24 

0.20 

0.16 

lusulalmg Board Lath (1 in.) Plastered* 

0.18 

0.18 

0.16 

0.13 


“CoefiSdents not weighted; effect of studding neglected. 

Plaster assumed % in. thick, 
eplaster assumed in. thick. 

<fFumng strips between wood shingles and all sheathings except wood. 

•Small air space and mortar between building paper and brick veneer neglected. 
/Nominal thickness, 1 in. 
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CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS 


of combinations frequently used, but any special construction not given in 
Tables 4 to 16 can generally be computed by using the conductivity values 
given in Table 3 and the fundamental heat transfer formulas. For 
example, the tabulation of all of the values for multiple layers of insulating 
materials would present extensive and detailed problems of calculations 
for the varied application combinations, but the engineer having the 
fundamental conductivity values can quickly obtain the proper coefficients. 

Attention is called to the fact that the conductivity values per inch of 
thickness do not afford a true basis for comparison between insulating 
materials as applied, although they are frequently used for that purpose. 
The value of an insulating material is measured in terms of the coef- 
ficient (Ui) of the insulated construction as compared to the coefficient 
(Z7) of the construction without insulation. Certain types of blanket 
insulations are designed to be installed between the studs of a frame 
building in such manner as to give two air spaces. In order to g:et the full 
value of such materials they should be so installed that each air space is 
approximately 1 in. or more in thickness and the air spaces should be 
sealed at the top and bottom to prevent the circulation of air from one 
space to the other. As previously explained there are certain other types 
of insulation which if extremely porous, may allow air circulation (con- 
vection) within the material, particularly when installed between ceiling 
joists so that the upward rate of heat flow is greater than the hori- 
zontal or the downward rate of heat flow. The engineer must carefully 
evaluate the economic considerations involved in the selection of an 
insulating material as adapted to various building constructions. Lack 
of good judgment in the intelligent choice of an insulating material, or 
its improper installation, frequently represents the difference between 
good or unsatisfactory results. 

Computed Transmission Coefficients 

Computed heat transmission coefficients of many common types of 
building construction are given in Tables 4 to 17, inclusive, each con- 
struction being identified by a serial number. For example, the coefficient 
of transmission (IT) of an 8-in. brick wall and in, of plaster is 0.46, and 
the number assigned to a wall of this construction is 67-B, Table 6. 

Example 1. Calculate the coefficient of transmission (Z7) of an 8-in. brick wall with 

in. of plaster applied directly to the interior surface, based on an outside wind exposure 
of 15 mph. It is assumed that the outside course is of hard (high density) brick having a 
conductivity of 9.20, and that the inside course is of common (low density) brick having 
a conductivity of 5,0, the thicknesses each being 4 in. The conductivity of the plaster is 
assumed to be 3.3, and the inside and outside surface coefficients are assumed to average 
1.65 and 6.00, respectively, for still air and a 15 mph wind velocity. 

Solution, k (hard high density brick) = 9.20; x = 4.0 in.; k (common low density 
brick) - 5.0; 3C = 4.0 in.; k (plaster) = 3.3; » = H in.;/i = 1.65 ;/o “ 6.0. Therefore, 

V 1 I 

1 4.0 4.0 0.5 1 0-167 + 0.435 + 0.80 + 0.152 + 0.606 

616 5^ sis 1.65 

« 0.46 Btu per hour per square foot per degree Fahrenheit 
difference in temperature between the air on the two sides. 

The coefficients in the tables were determined by calculations similar 
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Table 5. Coefficients of Transmission (Z7) of Frame Walls with 
Insulation Between Framing^’^ 

Coefficients are ex-pressed in Btii per hour per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on a wind velocity of 15 mph. 


COEFFICIENT 

WTTH NO 

INSULATION 

BBTWEBN 

FRAMING 

COEFFICIENT WITH INSULATION BETWEEN FRAMING 

1 

BlAlNeet or Bat Insulation between Framxnq® 
(Thickn^ below) 

354 IN. Loose 
Mineral Wool 
BETWEEN Framing 

1 IN. 

2 IN 

3 IN. 

A 

B 

G 

D 

0.11 

0.078 

0.064 

0.055 

0 051 

33 

0.12 

0.083 

0.067 

0.067 

0.054 

34 

0.13 

0.088 

0.070 

0.069 

0.056 

35 

0.14 

0.092 

0.073 

0.061 

0.058 

36 

0.15 

0.097 

0.075 

0.062 

0.059 

37 

0.16 

0.10 

0077 

0 065 

0 060 

36 


010 

0.080 

0.066 

0.062 

39 

0.18 

on 

0.082 

0.068 

0.063 

40 

0.19 

on 

0 084 

0.069 

0.064 

41 

0.20 

012 

0.087 

0.070 

0.066 

42 

021 

0.12 

0.088 

0.072 

0.067 

43 

0.22 

0.12 

0,090 

0 073 

0.069 

44 

0.23 


0.093 

0.074 

0.069 

45 

024 


0.094 

0076 

0.070 

46 

0 25 

0.13 

0.095 

0.076 

0.072 

47 

026 

0.13 

0.096 

0.077 

0.072 

48 

0 27 

0.14 

0.097 

0078 

0.073 

49 

0.28 

0.14 

0.098 

0 078 

0.073 

50 

0.29 

0.14 

0.10 

0080 

0.075 

51 

0.30 

0.14 

0.10 

0.080 

0.075 

52 

0.31 

0.14 

010 

0.082 

0.076 

53 

0.32 

015 

0.10 

0 082 

0 076 

54 

023 

0.15 

0.11 

0.083 

0.077 

55 

0.84 

0.16 

0.11 

0.083 

0.078 

56 

026 

0.16 

0.11 

0.085 

0.078 

i 

026 

016 

0.11 

0085 

0.079 

58 

027 

0.16 

0.11 

0.087 

0.080 

59 

028 

0.16 

0.11 

0.087 

0.080 

60 

029 

0.16 

on 

0.087 

0 081 

61 

0.40 

016 

0.11 

0088 

0 082 

1 

62 

0.41 

0.16 

on 

0088 

0.082 

63 

0.42 


o.n 



64 



0-11 



65 

0.44 

0.17 

0.12 


0.083 j 

66 


•This table may be used for determining the coefiSdents of transmission of frame constructions with 
the types and thicknesses of insulation indicated in Columns A to D indusive between framing. Columns 
A, B and C may be used for walls, ceilings or roofs with only one air space between framing but are not 
applicable to ceilings with no flooring above. (See Table 10.) Column D is applicable to walls only. 
Example; Find the coeffident of transmission of a frame wall consisting of wood siding, in. insulating 
bo^d sheathing, studs, gypsum lath and plaster, with 2 in. blanket insulation between studs. According 
to Table 4, a ™i of this construction with no insulation between studs has a coeffident of 0.19 (Wall No. 
4D). Referring to Column B above, it will be found that a wall of this value with 2 in. blanket insulation 
between the studs has a coeffident of 0.084. 

'^Coeffidents corrected for 2 z 4 framing, 16 in. o. c. 

•Based on one air space between framing. 
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to those shown in Example using fundamental Formulas 1, 2 and 3 
and the values of k (or C),/i,/o and a in Table 3. 

Actual thicknesses of lumber are used in the computations rather than 
nominal thicknesses. The computations for wood shingle roofs applied 
over wood stripping are based on 1 by 4 in. wood strips, spaced 2 in. apart. 
Since no reliable figures are available concerning the conductivity of 
Spanish and French clay roofing tile, of which there are many varieties, 
the figures for such types of roofs were taken the same as for slate roofs, as 
it is probable that the values of U for these two types of roofs will 
compare favorably. 

The thicknesses upon wtich the coefficients in Tables 4 to 17 inclusive, 
are based are: 


Brick veneer. 4 in. 

Plaster and metal lath 5^ in. 

Plaster (on wood lath, gypsum lath 

or insulating board) H In. 

Slate (roofing). in. 

Stucco on wire mesh reinforcing, — 1 in. 
Tar and gravel or slag-surfaced 
built-up roofing 3^ in. 


1- in. lumber (S-2-S) 

IJ^-in. lumber (S-2-S) 

2- in. lumber (S-2-S) 

2H‘in. lumber (S-2-S) 

3- in. lumber (S-2-S) 

4- in. lumber (S-2-S) 

Finish flooring (maple or oak) 


35/^ in. 
1% in. 

in. 
2H in. 

2% in. 
33^ in. 
1^6 in. 


Solid brick walls are based on 4 in. hard brick (high density) and the 
remainder common brick (low density). Stucco is assumed to be 1 in. 
thick on masonry walls. Where metal lath and plaster are specified, the 
metal lath is neglected. 

The coefficients of transmission of the pitched roofs in Table 16 apply 
where the roof is over a heated attic or top floor so the heat passes directly 
through the roof structure including whatever finish is applied to the 
underside of the roof rafters. 

Coefficients for frame construction were corrected for the effect of the 
framing where such correction would increase the coefficients, but not 
where the correction would decrease the coefficient^. In the latter case, 
the correction is generally small and the uncorrected coefficient is on the 
side of safety. Although theoretical coefficients below 0.10 are included 
in the tables, a minimum coefficient of 0.10 is generally recommended to 
allow for possible defects in workmanship, poor construction and other 
factors which would increase the heat loss. The lower the theoretical 
wall or roof coefficient the greater will be the percentage of error due to 
construction defects or failure of the insulation to perform as rated. 


Combined Coefficients of Transmission 

If the attic is unheated, the roof structure and ceiling of the top floor 
must both be taken into consideration, and the combined coefficient of 
transmission determined. The formula for calculating the combined 
coefficient of transmission of a top floor ceiling, unheated attic space, and 
pitched roof per square foot of ceiling area is: 

I7r X I7ce 

C7r + — 

^Effect of Studs and Joists on Heat Flow Through Frame Walls and Ceilings, by Paul D. Close {Heating, 
Piping and Air Conditiontng, October, 1943, p. 629). 
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Table 6. Coefficients of Transmission (Z7) of Masonry Walls 

Coefficients are expressed in Btu per hour per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on a wind velocity of 15 mph. 


TYPE OF MASONRY 


INTERIOR FINISH 
(Plus Insclatioit Where Indicated) 


€ 

I 


i 

I 


s 

I 

€ 

§1 


li 

-si 


3 


Li 

'll 

bo ^ 

m 


I 



0.60 
0 35 
0.28 


0.46 

0.84 

0.27 


0 32 
0.25 
0 21 


0.31 

0.26 

0.21 


0.30 

0.24 

0.20 


0 22 
0.19 
0.17 


0.22 

0.19 

0.16 


0.16 

0.14 

0.13 


0.14 

0.13 

0.12 


67 


^.2 

ll 

Si 


0.40 

0.89 

0.30 

0.25 


037 

0.37 

0.29 

0.24 


0.27 

0.27 

0.22 

0.19 


0.27 

0.27 

0.22 

0.19 


0.26 

0.26 

0.21 

0.19 


0.20 
0 20 
0.17 
0.16 


0.20 

0.19 

0.17 

0.15 


0.15 

016 

0.13 

0.12 


0.13 

013 

0.12 

o.n 


70 

71 

72 

73 



0.70 
0.57 
0.49 
0 37 


0.64 

053 

0.45 

035 


0.39 

035 

0.32 

0.26 


0.38 

034 

0.31 

0.26 


0 36 
033 
0.30 
0.25 


0.26 

0.24 


0,20 


025 


0.22 

0.19 


0.18 

0.17 

0.16 

0.15 


0.16 

0.15 

0.14 

0.13 


74 

75 
78 
77 


§ 

o 


0.79 

0.70 

063 

0.58 


0.71 
064 
0 58 
0.53 


042 


0.37 

0.36 


0.41 
0 38 
0 36 
0.34 


0.39 
0 36 
0.34 


0.27 
0.26 
0 25 
0.24 


0.26 

0.25 

0.24 

0.23 


0.19 

0.18 

018 

0.17 


0.16 

0.16 

0.15 

0.15 


78 

79 

80 
81 



Gravel Aggregate 


8 

0.56 

0.52 

0.34 



0.24 


KSSi 



12 

050 

0.46 

032 

0.31 


mmm 





1 Cinder Aggregate 

8 

0 41 

039 

0.28 

0.28 

iliWril 

0.21 


0.15 

013 

84 

12 

0.38 

0,36 

0.26 

0.26 




0.16 

0.13 

85 

1 Light* Weight Aggregate 

8 








1309 

MilCT 


12 








mmtm 

Biii 



“Based on 4 in. hard brick and remainder common brick. 

I'The 8 in. and 10 in. tile figures are based on two cells in the direction of heat flow. The 12 in. tile is 
based on three cells in the direction of heat flow. The 16 in. tile consists of one 10 in. and one 6 in. tile each 
having two cells in the direction of heat flow. 

^Limestone or sandstone. 

<*These figures may be used with sufficient accuracy for concrete walls with stucco exterior finish. 
•Expanded slag, burned clay or pumice. 

/Thickness of plaster assumed U in. 

^Thickness of plaster assumed in. 

ABased on 2 in. furring strips; one air space. These figures may also be used for wood or metal lath. 
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where 

U = combined coefficient to be used with ceiling area. 

Ur = coefficient of transmission of the roof. 

27ce = coefficient of transmission of the ceiling. 

n = the ratio of the area of the roof to the area of the ceiling. 

In selecting the values to be used for Ur and Uct it should be noted 
that the under surface of the roof and the upper surface of the ceiling are 
more nearly equivalent to the boundary surfaces of an internal air space 
than they are to the external surfaces of a wall. It would be more nearly 
correct to use a value of 2.2 rather than the usual value of 1.65 as coef- 
ficients for these surfaces. In most cases this would make only a minor 
change in U. It should be noted that the over-all coefficient should be 
multiplied by the ceiling and not the roof area. # 

If the unheated attic space between the roof and ceiling has no dormers, 
windows or vertical wall spaces the combined coefficient may be used for 
determining the heat loss through the roof construction, attic and top 
floor ceiling. If the unheated attic contains windows and vertical wall 
spaces these must be taken into consideration in calculating the roof area 
and also its coefficient Uf In this case an approximate value of Uv may 
be obtained as the summation of the coefficient of each individual section 
such as the roof, vertical walls or windows times its percentage of total 
area. This coefficient may then be used with reasonable accuracy in 
Equation 4. If there are large vertical wall areas, the most accurate 
procedure is to estimate the attic temperatxxre by means of Equation 4, 
Chapter 6 and to calculate the heat loss by using the ceiling coefficient 
only, and the attic temperature instead of the outside temperature. 
Information concerning basement floor and wall coefficients will be found 
on Page 110. 

The values in Table 16 apply principally to hip and double hip roofs 
with unheated attics. In the case of gable and gambrel (Dutch Colonial) 
roofs having end wall surfaces, the values in Table 16 can be used with 
reasonable accuracy if the end wall area is considered as part of the roof 
area. Thus in arriving at the combined roof and ceiling coefficient for a 
pitched roof with insulating board applied to the under side of the rafters, 
the board must also be applied to the end wall surfaces in order for the 
values in Table 16 to be approximately applicable. 

The coefficients in Table 16 are based on pitch roofs for which the 
value of n, or the ratio of the roof area to the ceiling area, is 1.2. Since 
these combined roof and ceiling coefficients are based on the ceiling area, 
small variations in the pitch do not greatly alter the coefficient. An 
increase in pitch above the ^sed for calculating the values would 
increase the combined coefficient, and vice versa. 

Basement Floor and Wall Coefficients 

The dirt in contact with basement floors and walls below grade has 
an appreciable insulating value. The exact thickness or depth of the 
dirt which may contribute to the heat resistance of floors and walls 
in contact therewith is a variable and indeterminate quantity. Teats at 
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Table 7. Coefficients of Transmission ( U ) of Brick and Stone Veneer 
Masonry Walls 

Coefficients are ex-pressed in Btu per hour per square foot Per degree Fahrenheit difference tn temperature 
between the atr on the two sides, and are based on a wind velocity of 15 mph. 


TYPICAL 

construction 


INTERIOR FINISH 
(Plus Insulation Whisrb Indicated) 




1 



1 

I 

i 

'§ 

S 

S 

s 

2 

tH 

s 

Ii 


FACING 

BACKING 

1 

I 

1 

a 

i 

S3 

S 

H 

? 

1 

•S 

a 



Ii 




1 

o 

2 

1 

i 

g 

i 

Board 

-Furr 

ii 

I’S 





1 

$ 

1 

3 

i| 

I'S 

fl 



tl 

1 



1 

1 

09 

It 

§k 

II 


|j 

mP.( 


1 



A 

B 

C 

D 

E 

F 

G 

H 

1 



Bin. Hollow Tile^ 

0.35 

0.34 

0.25 

0.25 

0.24 

0.19 

0.18 

0.14 

0.13 

88 


BlnHollowTileb 

0.34 

0.32 

0.25 

0.24 

0.23 

0.19 

0.18 

0.14 

0.13 

89 

4 m. 












Brick 

6 in. Concrete 

0.59 

0.54 

0.35 

0.35 

0 33 

0.24 

0.23 

0.17 

0.15 

90 

Veneero 

8 in. Concrete 

0.54 

0.50 

0.33 

0.33 

0.31 

0.23 

0.23 

0.17 

0.15 

81 


Bin. Concrete Block8« 












(Gravel Aggregate) 

Bin. Concrete Blocks^ 

0.44 

041 

0.29 

0.29 

0.28 

0.21 

0.21 

0.16 

0.14 

92 


(Cinder Aggregate) 

B in. Concrete Blocks^ 

0.34 

0.33 

0.25 

0.24 

0.24 

0.19 

0.18 

0.14 

0.13 

93 


(Light Weight Aggregate)** .... 

0.31 

0.29 

0.23 

0.23 

0.22 

0.18 

0.17 

0.14 

0.12 

94 


BlnHoliowTile^ 

0.37 

0.35 

0 26 

0.26 

0.25 

0.19 

0.19 

0.15 

0.13 

95 


BiiuHollowTilei.. 










96 

4 in. 


1 

1 

1 

1 

1 

1 

1 

1 

1 


Cut 

6 in. Concrete 

0.63 

0.58 

0.37 

0.38 

0.34 

0.25 

0.24 

0.18 

0.15 

97 

Stone 

Veneer“ 

8 in. Concrete 

0.57 

0.53 

0.35 

0.34 

0 33 

024 

0.23 

0.17 

0.15 

98 














(Gravel Aggregate) 

B in. Concrete Blockse 

0.47 

0.44 







0,14 

99 


(Cmder Aggregate) 

8 iiu Concrete mocks“ 

0.36 

0.34 

0.25 

0.25 

024 

0.19 


0.15 

0.18 

100 


(Light Weight Aggregate)** 

EEBI 

liFIill 

um\ 

rm 

TUm 

0,18 


EIQI 

0.12 

101 







“Calculations based on ^ in. cement mortar between backing and facmg except in the case of the 
concrete backing which is assumed to be poured in place. 

^The hollow tile figures are based on two air cells in the direction of heat flow. 

•Hollow concrete blocks. 

^Expanded slag, burned clay* or pumice. 

•Thickness of plaster assumed H iu- 
/Thickness of plaster assumed in. 

ffBflteed on 2 in. furring strips; one air space. The figures in this column may also be used for wood or 
metal lath. 
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Table 8. Coefficients of Transmission (U) of Frame Partitions 
OR Interior Walls^ 

Coefficients are expressed tn Btu per hour per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on still air (no wind) conditions on both sides. 


Interior 

INTERIOR 

FINISH I 

1 

fjMlSh 


SINGLE 
PARTITION 
(Fmish on one 
side only of studs) 

DOUBLE PARTITION 
(Finish on both sides of studs) 

Partition Number 

No INSULATION 

bstwern STims 

1 IN. Blanket 
BETWEEN STUDS. 
One AiB SPACE. 



A 

B 

C 

Metal Lath and Plaster^ . . 



0.69 

0.39 

0.16 

1 

Gypsum Board 04 in*) Decorated . 


0 67 

037 

0.16 

2 

Wood Lath and Plaster . 




0.62 

034 

0.15 

3 

G 3 rpsum Lath 04 iu-) Plastered®. . , 


0.61 

0.34 

0.15 

4 

Plywood 04 in.) Plsdn or Decorated . 


0.59 

0 33 

0.16 

5 

Insulating Board (}4 in.) Plain or Decorated 


0.36 

019 

0.11 

6 

Insulatmg Board Lath (M in.) Plastered® 

.. .. 

0.35 

O.IS 

0.11 

7 

Insulatmg Board Lath (1 in.) Plastered® 

• 

0.19 

0.12 

0.082 

8 


•Coelfiaents not weighted; effect of studding neglected. 

^Plaster assumed % in. thick. 

‘Plaster assumed 3^ in. thick 

‘*For partitions with other insulations between studs refer to Table 5, using values in Column B of above 
table in left hand column of Table 6 Example: What is the coc^cient of transmission (Z7) of a partition 
consisting of g 3 rpsum lath and plaster on both sides of studs with 2 m. blanket between studs? Solution: 
According to above table, this partition with no insulation between studs (No. 4B) has a coefficient of 0.34. 
Referring to Table 6, it will be found that a wall havin|; a coefficient of 0.34 with no insidation between studs, 
will have a coefficient of 0 097 with 2 in. of blanket insulation between studs (No 56B). 


Table 9. Coefficients of Transmission (U) of Masonry Partitions 

Coefficients are expressed in Btu per hour Per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on still air (no winS) conditions on both sides. 


(AA 

TYPE OF 
PARTITION 

/o«w 


Thickness op Masonry 
(Inches) 

TYPE OF FINISH 

J 

1 

No 

Finish 
(P lain walls) 

Plaster 

One 

Side 

Plaster 

Both 

Sides'* 


A 

B 

C 

Hollow Clay Tile 

3 

4 

0.50 

0.45 

0.47 

0.42 

0.43 

040 

9 

10 

Hollow Gypsum Tile 

3 

4 

0.35 

0.29 

0.33 

0.28 

0.32 

0.27 

11 

12 

Hollow 

Concrete 

Tile or 

Blocks 

Cinder Aggregate 

3 

4 

0.50 

0.45 

0.47 

0.42 

0.43 

0.40 

13 

14 

light Weight Aggregate ...... 1 

3 

4 

0.41 

0.36 

0.39 

0.34 

0.37 

0.32 

15 

16 

Common Brick 

4 

0.60 

0.46 

0.43 

17 


«2 in. solid plaster partition, U = 0.53. 
Expanded slag, burned clay or pumice. 


the A.S.H.V.E. Research Laboratory® indicate that the rate of heat flow 
through basement floors, even without insulation, does not exceed 0.10 
Btu per square foot per degree Fahrenheit temperature difference between 
the air above the floor and the soil under the floor at the point of maximum 


*A S.H.V.E. Research Report No 1213 — Heat Loss Through Basement Walla and Floors, by F. C. 
Houghten, S. I. Taimuty, Carl Gutberlet and C. J. Brown (A.S.H.V.E. Transactions, Vol, 48, 1942, 
p. 369). 
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diffusion of the heat from the basement. As indicated in the footnote of 
Table 12, this coefficient is recommended for use whenever it is desirable 
to make allowance for the small basement floor heat loss, as may be the 
case with heated basements. Using this coefficient (0.10) the total heat 
loss per square foot of floor area will amount to only 2.0 Btu per square 
foot per hour, based on a temperature difference of 20 F between the air 
in the basement above the floor and the minimum soil temperature below 
the basement. 

The same coefficient (0.10) may be used for calculating the heat loss 
through basement walls below grade but a somewhat higher temperature 



difference should be used for reasons explained in Chapter 6. Thus the 
total heat loss through basement walls will be greater than that through 
floors. According to present available data the unit wall heat loss will be 
approximately twice the floor heat loss under average conditions in 
northern latitudes or about 4.0 Btu per hour per square foot (total, not 
per degree temperature difference) between the basement air and the 
ground at a level corresponding to the mid-height of the basement wall. 
Until further data are available, this value may be used with reasonable 
accuracy for calculating heat losses through basement walls of heated 
basements. 


CONDENSATION IN BUILDINGS 

The water vapor in buildings will be transmitted through many types 
of building construction if there is a difference in the vapor pressures on 
the two sides of the structure* (See Table 11, Chapter 7). Such water 


•Metho^is of Moisture Control and Their Application to Building Construction, by F, B. Rowley, 
A. B. Algren and C. E. Lund. (University of Minnesota Engineering Experiment Station Bulletin No. 17). 
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CoeMctenis are expressed in Bin per hour per square foU pet degree Fahenhett difference in temperature between the air on the two sides 
and are based on still air (no wind) conditions on both sides. 
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Table 11, Coefficients of Transmission (U) of Concrete Construction 
Floors and Ceilings 


Coefficients are expressed in Btu per hour per square foot per degree Fahrenhett difference in temperature 
between th£ air on the two sides, and are based on sHll air {no wind) condiitons on both sides. 


TYPE OF CEILINe 

CR.IN<3 

Thickness 

OP 

Concrete® 

(Inches) 

TYPE OF FLOORING 

Number 

No ! 
Flooring 
(Concrete 
Bare) 

Tile® or 
Terrazzo 
Flooring 
on 

Concrete 

Min. 

BatUeship^ 

Linoleum 

Directly 

on 

Conciete 

Parquet® 

Flooring 

In 

Mastic 

on 

Concrete 

Double 

Wood 

Floor 

on 

Sleepers'* 

A 

B 

C 

D 

E 

No Ceiling 

3 

10 1 

0.69 

0.59 

0.50 

0.65 

0 56 

0.48 

opp 

0.45 

0.41 

036 

0.25 

0.23 

0.22 

1 

2 

3 

H in. Piaster Applied to Underside of 
Concrete ... 

3 

6 

10 

ooo 

0.59 

0.52 

0.44 

OOO 

0.43 

0.39 

0.34 

0.24 

0.22 

0.21 

4 

5 

6 

Metal Lath and Plaster* — Suspended or 
Purred 

3 

6 

10 

0.38 

035 

032 

037 

0.34 

031 

0.30 

0.28 

0.26 

OOOCO 

OOO 

019 

0.18 

0.17 


(5ypsum Board 0^ in.) and Plaster/— 
Suspended or Purred 

3 

6 

10 




0.28 

0.27 

034 

0,19 

0.18 

0.17 


Insulating Board Lath (H in.) and Plaster/ 
Suspended or Purred 

3 

6 

10 


0.24 

0.23 

0.21 

0.21 

0.20 

0.19 

0.21 

0.20 

0.19 

0.15 

0.15 

014 

13 

14 

15 


“Thickness of tile assumed to be 1 in. 

^The figures in Column C may be used with sufficient accuracy for concrete floors covered with carpet. 
^Thickness of wood assumed to be in.; thickness of mastic, in. {k 4.5). 

<*Based on in yellow pine or fir sub-flooring and in. hardwood finish flooring with an air space 
between sub-floor and concrete. 

•Thickness of plaster assumed to be % in. 

/Thickness of plaster assumed to be H in. 
ffFor other thicknesses of concrete, interpolate. 

Table 12. Coefficients of Transmission (27) of Concrete Floors on 
Ground with Various Types of Finish Flooring 


U = 0.10^ Btu per hour per square foot per degree Fahrenheit temperature difference 
between the ground and the air over the floor. 


“Until more complete data are available, based on tests now in progress, it is recommended that a 
coefficient of 0.10 be used for all types of concrete floors on the ground, with or without insulation. For 
basement wall below grade, use the same average coefficient (0.10). A lower ground temperature should, 
however, be used for walls than floors as explained in Chapter 6. For further data see A.S.H.V.E. Research 
Report No. 1213 — Heat Loss Through Basement Walls and Floora, by F. C. Houghten, S. 1. Taimuty, 
Carl Gutberlet and C. jf. Brown (A.S.H.V.E. Transactions, Vol. 48, 1942, p 369). 

vapor will also condense whenever it comes in contact with surfaces or 
objects at or below the dew-point temperature. Thus two types of con- 
densation problems are encountered in building practice, namely (1) 
Surface condensation or condensation on the interior building surfaces 
including the walls, ceiling (or roof) and glass, and (2) Interstitial con- 
densation or the transmittance of the vapor through the building materials 
and condensation of the moisture on surfaces or voids within the materials 
of construction. 

Condensation within the construction as well as condensation on the 
interior surfaces does not necessarily occur in all buildings but only in 
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CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS 


Table 13. Coefficients of Transmission (Z7) of Flat Roofs Covered with Built- 
up Roofing. No Ceiling — Under Side of Roof Exposed 

(See Table 14 for Flat Roofs with Ceilings) 


T}^e coeffictents are expressed in Bin per hour per square foot per degree Fahrenheit difference in temperaiure 
between the air on the two sides, and are based on an outside wind velocity of 16 mph. 


TYPE OP ROOF 
DECK 

Tbucknbss 

OP 

Roop Deck 
(Inches) 

No 

Insula- 

tion 

INSULATION ON TOP OF DECK 
(Covered with Built-Up Roofing) 

Number 

Insulating Board 
(T hickness Bdow) 

CORKBOABD 

(Thickness Below) 

J^ln. 

lln. 

IH In. 

2 In. 

1 In. 

m In. 

2 In. 

A 

B 

C 

D 

E 

F 

G 

H 

Flat Metal Roof Deck® 

IH/OLATI^JM/ 

PECK 


0.94 




0.14 

0.23 

0.17 

0.13 

1 

Precast Cement Tile 

JioonKCj 

IH in. 

0.84 

0.37 

0.24 

0.18 

0.14 

0.22 

0.16 

0.13 

2 

1 

Concrete 

IN^/ULAXlON/ 
R00MN<5| j 

CONCRtTC.^ 

2 in. 

4 in. 

6 in. 

1 

0.82 

0.72 

0.65 

0.37 

0.34 

0.33 

0.24 

0.23 

0.22 

0.17 

0.17 

0.16 

0.14 

0.13 

0.13 

0.22 

0.21 

0.21 

0.16 

0.16 

0.16 

0.13 

0.12 

0.12 

3 

4 

6 

( 

Gypsum and Wood 
ftber^ on H in. 
Gypsum Board 

iMJOLirtllOtt/ 

RflOF-irtGi 

6'fr/un' 

bzzzszzzzzzzzszal 
fLAJTCR. bOhttp'' 

2li m. 

ZH in. 

0.40 

0.32 

0.25 

0.22 

0.18 

0.16 

0.14 

0.13 

0.12 

0.11 

0.17 

0.15 

0.13 

0.12 

0.11 

0.10 

6 

7 

Wood* 

1N/OLATio«/ 
TtOOFtMffi / 

wdopy 

1 in. 

IMin. 

2 in. 

3 in. 

0.49 

0.37 

0.32 

0.23 

oooo 

oddd 

poop 

0.12 

0.11 

0.11 

0.096 

0.19 

0.17 

0.16 

0.13 

poop 

0.12 

0.11 

0.10 

0.091 

8 

ia 

IT 


•Coefladent of transmission of bare corrugated iron (no roofing) is 1.60 Btu pd^our per squa^ foot of 
projected area per degree Fahrenheit difference in temperature, based on an outside wind vcloaty of 15 mph. 

per cent gypsum, 12^ per cent wood fiber. Thickness indicated indudes H in. gypsum board. 
•Nominal thicknesses spedfied — actual thicknesses used in calculations. 
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Table 14 Coefficients of Transmission ( ?7) of Flat Roofs Covered with 
Built-up Roofing. With Lath and Plaster Ceilings^ 

(See Table 13 for Flat Roofs with no Ceilings) 

These coefficients are expressed tn Btu per hour per square foot per degree Fahrenheit difference in temperature 
between the atr on the two sides, and are based on an outside wind velocity of 15 mph. 


TYPE OF ROOF 
DECK 


Thickness 

OP 

Roop Deck 
(Inches) 


No 

Insula- 

tion 


INSULATION ON TOP OF DECK 
(Covered with Built-Up Rooping) 


Insulating Board 
(Thickness Bdow) 


Kin. 


lln. 


IH In. 


2 In. 


CORKBOARD 

(Thickness Below) 


lln. 


IK In. 


2 In. 


Flat Metal Roof Deck 
jrtjuuTr^rf/ 



0.46 


0 27 


019 


0.16 


0.12 


0.18 


0.14 


0.11 


12 


ceiWHcS 


Precast Cement Tile 
KooFlN4j /ffil 

**fe/urgowJP 


IK in. 


0.43 


0.26 


0.19 


0.16 


0.12 


0.18 


0.14 


0.11 


13 


Concrete 

Rooeii' 






< 0 HcatTB. 


2 in. 
4 in. 
6 in. 


0.42 
0 40 
0,37 


0J25 

0.24 


0.19 

0.18 

0.18 


0.15 

0.14 

0.14 


012 

012 

0.11 


0.18 

0.17 

0.17 


0.14 

0.13 

0.13 


oil 

0.11 

0.11 


Gypsum and Wood 
Fiber^ on H m. 
Gypsum Board 

lrlJULAtl<?n/ 







TLA/TCR. 


3K in. 


0.27 


0.19 

0.17 


0.15 

0.14 


012 

on 


0.10 

0 097 


0.14 

0.13 


0.12 

0.11 


0 097 
0.091 


«euvK(S-' 


Wood® 

fTWWTT 






1 in. 
IK in. 

2 in. 

3 in. 


0.32 

0.26 

0.24 

0.18 


0.21 

0.19 

017 

0.14 


0.16 

0.15 

0.14 

0.12 


0.13 

0.12 

0.11 

0.10 


Oil 

0.10 

0.097 

0.087 


0.15 

0.14 

0.13 

0.11 


0.12 

0.11 

0.11 

0.096 


0.10 

0.096 

0.092 

0.082 


•Calculations based on metal lath and -plaster ceilings, but coefficients may be used with sufficient 
accuracy for gypsum lath or wood lath and plaster ceihngs. It is assumed that there is an air space between 
the under side of the roof deck and the upper side of the ceiling. 

^87K per cent gypsum, 12K per cent wood fiber. Thickness indicated includes K in. gypsum board. 
•Nominal thicknesses specified — actual thicknesses used in calculations. 
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Table 16 . Coefficients of Transmission (£/) of Pitched Roofs 

Coeffictents are ex^essed in Btu per hour per square foot per degree Fahrenheit difference tn temperature 
between the air on the two sides and are based on a wind velocity of 16 mph. 


CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS 



- 

CMCO^IO 

(pt<-ooa> 

SLATE OR TILE6 
(On SoLm Wood 
Sheathing)® 

Insulation Between Rafters 

Blanket or Bat 
(Thickness Below) 

3 In. 


i 

o 

0 083 
0.083 
0.082 
0.082 

OqeO^O 

QO^-^-CO 

OOOO 

oddd 

2 In. 

«s 

0.11 

iH 1-400 

cscJoo 

sill 

oddo 


•n 

0.16 

1 

to ooud 

oooo 

ijjeoNO 

dddd 

None 

- 

ua 

to 

o 

eo eoeoco 
dooo 

i-i'iiHeQt- 
eocQ ^1-H 
OOOO 

ASPHALT SHINGLES OR 
ROLL ROOFING (On Somd 
Wood Sheathing)® 

Insulation Between Rafters 

Blanket or Bat 
(Thickness Below) 

3 In. 

e 

Z 

0.085 

0.083 

0,082 

0 082 
0.082 

mm 

dood 

2 In. 

e 

O 

0.11 

oooo , 

1-1 1-H tH IH * 

dddd 

ddoo 

1 In 

U. 

0.16 

totO-iJfrH 

1—4 1—1 1^ 

dddd 

idJNCqO 

oddd 

None 

U1 

S 

o 

CONiHi-4 

coco CO CO 
oooo 

OCONb- 

OOC^ICSliH 

ddod 

WOOD SHINGLES 
(On 1x4 Wood Stbeps® 

Spaced 2 In. Apart) 

s 

I 

1 

!z; 

Blanket or Bat 
(Thickness Below) 

3 In. 

a 

a 

0 083 

0.082 

0.082 

0.080 

0080 

oooo 

oooo 

2 In. 

u 

0.11 

oooo 

do dd 

0.10 

0.090 

0090 

0.077 

lln. 

ca 

0.16 

dddd 

dddd 

None 

< 

• ® 

■*Hi-« o o 

ei5ei^c<5CR 

oooo 

OOilCRCO 
csi 04 041-1 

dddd 

TYPE OF CEILING 
(Applied Dieectlt to Roof Rafters) 


No Ceiling Applied to Rafters 

Metal Lath and Plaster^ 

Gypsum Board in.) Decorated 

Wood Lath and Plaster 

Gypsum Lath in.) Plastered® . 

Plywood Oi in.) Plain or Decorated 

Insulating Board (J^ in.) Plain or Decorated 

Insulating Board Lath in ) Plastered® . 

Insulating Board Lath (1 in.) Plastered®. .. 



(3 

e 
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^Figures in Columns I, J, K and L may be used with sufficient accuracy for rigid asbestos shingles on wood sheathing. Layer of slater’s felt neglected. 
oSheathing and wood strips assumed in. thick. 

•^Plaster assumed % in. thick. 

•Plaster assumed 3^ in. thick. 

/No air space included in 1-A, 1-E or l-I; all other coefficients based on one air space. 
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Table 16, Combined Coefficients of Transmission (Z7) of Pitched Roofs^ and 
Horizontal Ceilings — Based on Ceiling Area^ 

Coeffictenis are expressed in Blu per hour per square foot of ceding area per degree Fahrenheit dipeience in 
temperature between the air on the two sides, and are based on a wind velocity of 15 mpli 



TYPE OF ROOFING AND ROOF SHEATHING 



Wood Shingles on Wood Steips** 

Asphalt Shingles* or Roll Roofing 


CEILING 




ON Wood Sheathing* 


COEFFI- 















GHENT/ 

No Roof 

Yi In. Insu- 

1 In. Insu- 

No Roof 

li In. Insu- 

1 In. Insu- 

P 

(Fhom 

Insulation 

latmg Board 

latmg Board 

Insulation 

latmg Board 

latmg Board 


lABltiii ID; 

(Rafters 

on Under Side 

on Under Side 

(Rafters 

on Under Side 

on Under Side 



Imposed) 

of Rafters 

of Rafters 

Exposed) 

of Rafters 

of Rafters 



II 

o 

oo 

(Ur == 0,22) 

(Ur = 0 16) 

(Ur= 0 53) 

(Ur = 0 23) 

(Ur = 0 17) 



A 

B 

C 

D 

E 

F 


010 

0 086 

0.073 

0.066 

0087 

0.074 

0 067 

19 

0.11 

0.093 

OpM 

0.07 

0 094 

0 079 

0.071 

20 

012 

0 099 

0 082 

0074 

010 

0083 

0.075 

21 

013 

0.10 

0 087 

0.077 

on 

0.088 

0.079 

22 

014 

0.11 

0 092 

0.080 

on 

0.093 

0 083 

23 

015 

012 

0096 

0.084 

012 

0.097 

0.086 

24 

016 

0.12 

010 

0 087 

0.13 

0.10 

0 089 

25 

017 

013 

010 

0 090 

013 

010 

0 092 

26 

0.18 

0.13 

0.11 

0093 

014 

on 

0 095 

27 

019 

014 

on 

0.096 

015 

on 

0 098 

28 

0 20 I 

0.15 ; 

on 

009$ 

015 

012 

010 

29 

0.21 

0.15 

0.12 

0.10 

0.16 

0.12 

010 

30 

0 22 

0.16 

012 

0.10 

017 

0.12 

on 

31 

0 23 

0.17 

012 

0.10 

0.17 

012 

on 

32 

0.24 

0.17 

013 

on 

018 

012 

0.11 

33 

0.25 

0.17 

0.13 

0.11 

0.18 

0l3 

on 

34 

0 26 

0,18 

013 

0.11 

019 

0.13 

on 

35 

0.27 

0.18 

0.13 

0.11 

0.19 

013 

012 

36 

0 28 

0.19 

0.14 

0.11 

019 

0.14 

0.12 

37 

0.29 

0.19 

0.14 

0.12 

0.20 

0.14 

012 

38 

0 30 

0.20 

0.14 

0.12 

0 20 

0.14 

012 

39 

0 34 

0.21 

0.15 

0.12 

0 22 

0.15 

0.13 

i 40 

035 

0 21 

015 

0.12 

0.22 

0.15 

0.13 

1 41 

0.36 

0 22 

015 

0.12 

023 

0.15 

0.13 

42 

0 37 

0.22 

0.15 

0.13 

0.23 

016 

0.13 

43 

0.45 

0.25 

0,17 

0.13 

0.26 

0.17 

9.14 

44 

0.59 

0.29 

0.18 

0.14 

0.30 

0.19 

0.15 

45 

0.61 

0.29 

018 

0.14 

0.31 

0.19 

0.15 

46 

0.62 

0.30 

018 

0.16 

0.31 

0.19 

015 

47 

0.67 

0.31 

0.19 

0.15 

0.33 

0.20 

0.16 

48 

0.69 

0.31 

0.19 

0.16 

0.33 

0.20 

0.16 

49 


oCalculations based on K pitch roof (n = 1.2) using the following formula; 

Ux X Uo& U — combined coefficient to be used with ceiling area. 

XI “ Ux = coefficient of transmission of the roof. 

-) Z7ce “= coefficient of transmission of the ceiling. 

^ M -a the ratio of the area of the roof to the area of the ceiling. 

^Use ceiling area (not roof area) with these coefficients. 

«Coeffidents in Columns D, E and F may be used with sufficient accuracy for tile, slate and rigid asbestos 
shingles on wood sheathing. 

^ Based on 1 x 4 in. strips spaced 2 in. apart. 

•Sheathmg assumed in. thick. 

A^alues of Z7o6 to be used in this column may be selected from Table 10. 
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CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS 


Table 17. Coefficients of Transmission (U) of Doors, Windows, Skylights 
AND Glass Block Walls 

CoejSUcients are based on a wind velocity of 15 mph, and are expressed in Btu per hour Per square foot per 
degree Fahrenheit difference in temperature between the air inside and outside of the door, window, skylight or wall 


Section A. 

Windows and 
Skylights 


Single 

Double 

Triple 

U 

\ 

1.13ac 

0.45^6 

0.28iae 

1 

Section B. 

Solid Wood 

Doors^^ 

Nominal 

Thickness 

Inches 

Actual 

Thickness 

Inches 

u 

Exposed Door 

Ui 

With Glass 
Storm Door 

1 

iy2 

IH 

2 

2H 

3 

% 

1^6 

2ys 

0.69 

0.59 

0.52 

0.51 

0.46 I 

0.38 

0.33 

0,42 

0.38 

0.35 

0.35 

0.32 

0.28 

0.25 


1 




u 

U 


Description 


Still Air 

Still Air Inside 

Section C. 





Both Sides 

15 MPH Outside 







Hollow Glass 

Smooth surface glass blocks 



Block Walls 

7m X 7M X 3K in. thick— 


0.40 

0.49 


Ribbed surface glass blocks 

• 



7J^ X 7H X in. thick— 

— 

0.38 

0.46 


“See Heating, Ventilating and Air Conditioning, by Harding and Willard, revised edition, 1932. 

*»Computed using C = 1.15 for wood; /i «» 1.65 and/© *= 6 0. ^ 

«It IS sufficiently accurate to use the same coeflficient of transmission for doors containing thin wood 
panels as that of single panes of glass, namely, 1.13 Btu per hour per square foot per degree difference 
between inside and outside air temperatures 

«*These values may also be used with sufficient accuracy for wood storm doors. Neglect storm doors 
if loose and use values for exposed doors. 

•Air spaces assumed to be % in. or more in width. 

isolated cases when conditions conducive to such condensation exist. The 
probability of condensation increases with the relative humidity or vapor 
pressure and with the temperature difference and, in the case of inter- 
stitial condensation, decreases with the vapor resistance on the warm 
side of the wall. 

Condensation on interior building surfaces^® (surface condensation) may 
be eliminated by either reducing the relative humidity or by maintaining 
the interior surfaces at or above the dew-point temperature. Permissible 
relative humi^ties for various wall, roof or glass coefficients and tempera- 
ture differences may be determined from Fig. 2. The permissible relative 
humidity for any specific type of construction may be determined by 
first ascertaining the coefficient of transmission (Z7) of the construction 
and then locating this coefficient on the horizontal scale of Fig. 2. A 
vertical line drawn to the proper outside temperature curve and then to 
the left hand scale will indicate the permissible relative humidity for the 
conditions involved. The dotted line shown in Fig. 2 indicates the per- 
missible relative humidity (64 per cent) if surface condensation is to be 
avoided, for a frame wall having a coefficient of 0.26 and for an outside 
temperature of — 10 F. 

Condensation within the construction may likewise be prevented by 
eliminating the moisture at the source or by providing a barrier on the 

“Pennissible Relative Humidities in Humidified Buildings, by Paul D. Close (A.S.H.V.E. Journal 
Section, Heating, Piping and Air Conditioning, December, 1939, p. 766). 
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warm side of the insulation construction, which may be a vapor-proof 
paper properly applied under the plaster or a vapor-proof finish on the 
interior surface of the wall^^ Insulating laths with vapor barriers applied 
to the back surface, are also available. In the case of attics, the greater 
the heat resistance in the top floor ceiling, the lower the attic temperature 
and consequently the greater the tendency for condensation to take place 
on the underside of the roof boards which moisture will drop on to the 
ceiling. Thus where thick insulations are installed between ceiling joists, 
it is desirable to allow openings for outside air circulation through attic 
space as a precaution against condensation on the underside of the roof 
even though barriers are used in the ceiling below. 
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CHAPTER 5 


— (jHeaL 


a^e 


Causes of Infzltraiion, InMiration Due to Wind Pressure, 
Infiltration Through Walls, Window and Door Leakage, Crack 
Method, Air Change Method, Infiltration Due to Temperature 
* Difference, Sealing of Vertical Openings 


T he air leakage which takes place through various apertures in 
buildings must be considered in heating and cooling calculations, 
and properly evaluated. This infiltration as it is sometimes designated, 
takes place through cracks around doors and windows, through solid 
walls and through fireplaces and chimneys. Although the latter sources 
of leakage may be considerable, they are often neglected on the assump- 
tion that dampers would be closed during periods of extreme cold weather 
or else that the fireplace will be in use at such times and will therefore 
contribute to the heat supplied and therefore lessen the heating load. 

CAUSES OF INFILTRATION 

The displacement of heated air in buildings by unheated outside air is 
due to two causes, namely, (1) the pressure exerted by the wind and (2) 
the diflFerence in density of outside and inside air because of differences in 
temperature. The former is generally referred to as infiltration and the 
latter as stack or chimney effect. 

In either case an exact estimate of the amount of infiltration under 
design conditions is difficult to make. The complicating factors include 
(1) variations in building construction particularly as to width of crack 
or size of openings through which air leakage takes place, (2) the varia- 
tions in wind velocity and direction, (3) Ihe exposure of the building with 
respect to air leakage openings and with respect to adjoining buildings, 
(4) the variations in outside temperatures as influencing the chimney 
effect, (5) the relative area and resistance of openings on the windward 
and leeward sides and on the lower floors and on the upper floors, and (6) 
the influence of a planned air supply and the related outlet vents. Tight 
construction is essential as otherwise unnecessarily large heat losses due 
to infiltration will result. 

INFILTRATION DUE TO WIND PRESSURE 

The wind causes a pressure to be exerted on one or two sides of a 
building. As a result, air comes into the building on the windward side 
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through cracks or porous construction, and a similar quantity of air 
leaves on the leeward side through like openings. In general the resis- 
tance to air movement is similar on the windward to that on the leeward 
side. This causes a building up of pressure within the building and a 
lesser air leakage than that experienced in single wall tests as determined 
in the laboratory. It is assumed that actual building leakages owing to 
this building up of pressure will be 80 per cent of laboratory test values. 
While there are cases where this is not true, tests in actual buildings 
substantiate the factor for the general case. Mechanical ventilating 
systems are frequently designed to produce positive or negative pressures 
in an enclosure which are greater or lower than prevalent wind pressures. 


Table 1. Infiltration Through Walls^ 

Expressed in cubic feet per’*square foot per hour 



Frame Wall, with lath and plasterb 0.03 0.07 0.13 0.18 0.23 0.26 


•The values given in this table are 20 per cent less than test values to allow for building up of pressure 
in rooms and are based on test data reported in the papers listed at the end of this chapter. 

Wall construction' Bevel siding painted or cedar shingles, sheathing, building paper, wood lath and 
3 coats gypsum plaster. 

In such designs, if the rate at which air is specified to be introduced to or 
removed from the enclosure by positive means exceeds the infiltration 
rate, it is common practice to use the greater value in determining the 
heating capacity to warm the outside air. 

Infiltration Through Walls 

Data on infiltration through brick and frame walls are given in Table 
The brick walls listed in this table are walls which show poor workman- 
ship and which are constructed of porous brick and lime mortar. For 
good workmanship, the leakage through hard brick walls with cement- 
lime mortar does not exceed one-third the values given. These tests 
indicate that plastering reduces the leakage by about 96 per cent; a heavy 
coat of cold water paint, 50 per cent; and 3 coats of oil paint carefully 
applied, 28 per cent. The infiltration through walls ranges from 6 to 
25 per cent of that through windows and doors in a 10-story office building, 

1A..S.HV.E. Research Reports No, 786 — Infiltration Through Plastered and TJnplastered Brick Walls, 
by F. C. Houghten and Margaret Ingels (A.S.H.V.E. Transactions, Vol. 33, 1927, p. 377). No. 820 — 
Air Infiltration Through Various Types of Brick Wall Construction, by G. L. I^arson. D, W. Nelron and 
C. Braatz (A.S.H.V.E. Transactions, Vol. 36, 1929, p. 183) No. 851 — ^Air Infiltration Through Various 
Types of Wood Frame Construction, by G. L. Larson, D. w. Nelson and C. Braatz (A.S.H.V.E. Trans- 
actions, Vol. 36, 1930, p. 99). 
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with imperfect sealing of plaster at the baseboards of the rooms. With 
perfect sealing the range is from 0.5 to 2.7 per cent or a practically 
negligible quantity, which indicates the importance of good workmanship 
in proper sealing at the baseboard. It will be noted from Table 1, that 
the infiltration through properly plastered walls can be neglected. 

The value of building paper when applied between sheathing and 
shingles is indicated by Fig. 1, which represents the effect on outside 
construction only, without lath and plaster. The effectiveness of plaster 
properly applied is no justification for the use of low grade building paper 
or of the poor construction of the wall containing it. Not only is it 
difficult to secure and maintain the full effectiveness of the plaster but 



Fig. 1. Infiltration Through Various Typjes of Shingle Construction 


also it is highly desirable to have two points of high resistance to air flow 
with an air space between them. The infiltration indicated in Fig. 1 is 
that determined in the laboratory and should be multiplied by the factor 
0.80 to give proper working values. 

Window and Door Leakage 

There are two methods of estimating air leakage through window and 
door cracks, namely, (1) the crack method and (2) the air change method. 
The crack method is generally regarded as being more accurate than the 
purely arbitrary air change method, provided the variables entering into 
the crack method, such as crack width and clearance, can be properly 
evaluated. 

Crack Method 

The crack method is based on known air leakage factors for various 
types of windows and widths of crack and clearance. The wind velocity 
and length of crack are also considered when the crack method is employed- 
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Table 2, Infiltration Through Windows 

Expressed in Cubic Feet per Foot of Crack per Houre^ 


Type of Window 

Remarks 

Wind Vblocitt, Miles pee Hour . 

S 

...I 

10 

15 

20 

25 

30 

Double-Hung 
Wood Sash 
Windows 
(Unlocked) 

Around frame in masonry wall— not calkedb 

3.3 

8.2 

14.0 

20.2 

27.2 

34.6 

Around frame in masonry wall — calkedh 

0.5 

1.5 

2.6 

3.8 

4.8 

5.8 

Around fiame in wood frame constructionl>_ 

2.2 

6.2 

10.8 

16.6 1 

23.0 , 

30.3 

Total for average window, non-weather- 
stripped, Vifl-in. crack and 5^-in. clearance.c 
Includes wood frame leakage^ 

6.6 

21.4 

39.3 

59.3 

80.0 

103.7 

Ditto, weatheratrippedd 

4.3 

13.0 

23.6 

35.5 

48.6 

63.4 

Total for poorly fitted window, non-weather- 
stripped, 5^in. crack and 5^in. clearance.e 
Includes wood frame leakaged_ 

26.9 

69.0 

110.5 

153.9 

199.2 

249.4 

wftathArfririppAild 

5.9 

18.9 

34.1 

51.4 

70.5 

91.5 


Double-Hung 

Metal 

Windows^ 

Non-weatherstripped, locked 

Non-weatherstripped, unlocked. 
Weatherstripped, unlocked 

20 

20 

6 

45 

47 

19 

70 

74 

32 

96 

104 

46 

125 

137 

60 

154 

170 

76 

Rolled 

Section 

Steel 

Sash 

Windows^ 

Industrial pivoted, he-m. cracks. 

Architectural projected, J^-in. crackh 

Architectural projected, ^-in. crackh 

Residential casement, ^-in. craoki 

Residential casement, ^in. oracki 

Heavy casement section, projected, 
cruAki 

52 

15 

20 

6 

14 

3 

8 

108 

36 

52 

18 

32 

10 

24 

176 

62 

88 

33 

52 

18 

38 

244 

86 

116 

47 

76 

26 

54 

304 

112 

152 

60 

100 

36 

72 

372 

139 

182 

74 

128 

48 

92 

Heavy casement section, projected ^-in. 

CTftftld _ __ 


Hollow Metal, vertically pivoted window^. 

30 

88 

145 

186 

221 

242 


aThe values given in this table, with the exception of those for double-hung and hollow metal windows, 
are 20 per cent leas than test values to allow for building up of pressure in rooms, and are based on test data 
reports In the papers listed at the end of this chapter. 

bThe values given for frame leakage are per foot of sash penmeter as determined for double-hung wood 
windows. Some of the frame leakage in masonry walls orijginates in the brick wall itself and cannot be 
prevented by calking. For the additional reason that calking is not done perfectly and deteriorates with 
dme. it is considered advisable to choose the masonry frame leakage values for calked frames as the average 
determined by the calked and non-calked tests. 

cThe fit of the average double-hung wood window was determined as >6-in. crack and ?6-in. clearance by 
measurements on approximately 600 windows under heating season conditions. 

dXhe values given are the totals for the window opening per foot of sash perimeter and include frame 
leakage and so-called elsewhere leakage. The frame leakage values included are for wood frame construction 
but apply as well to masonry construction assuming a 50 per cent efficiency of frame calking. 
eA ?^in. crack and clearance represents a poorly fitted window, much poorer than average. 
fWindows tested in place in building. 

sindustrial pivoted window generally used in industrial buildings Ventilators horizontally pivoted 
at center or slightly above, lower part swinging out. 

hArchitecturally projected made of same sections as industrial pivoted except that outside framing member 
is heavier, and it has refinements in weathering and hardware. Used in semi-monumental buildings such as 
schools. Ventilators swing in or out and are balanced on side arms. J^in. crack is obtainable in the best 
practice of manufacture and Installation, J<i-in. crack considered to represent average practice. 

iOf same design and section shapes as so-called heavy section casement but of lighter weight. J6-in. crack 
is obtainable in the best practice of manufacture and installation, }^in. crack considered to represent average 
practice. 

JMade of heavy sections. Ventilators swing in or out and stay set at any degree of opening. J^-in, crack 
is obtainable m the best practice of manufacture and installation, ^in. crack considered to represent 
average practice. 

kWith reasonable care in installation, leakage at contacts where windows are attached to steel frame- 
work and at mullions is negligible. With l^-in. crack, representing poor installation, leakage at contact 
with steel framework is about one-third, and at mullions about one-sixth of that given for industrial pivoted 
windows in the table. 
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The amount of infiltration for various types of windows is given in 
Table 2^. The fit of double-hung wood windows is determined by crack 
and clearance. Crack thickness is equivalent to one-half the difference 
between the inside window frame dimension and the outside sash width. 
The difference between the width of the window frame guide and the 
sash thickness is considered as the clearance. The length of the perimeter 
opening or crack for a double-hung window is equal to three times the 
width plus two times the height, or in other words, it is the outer sash 
perimeter length plus the meeting rail length. Not all the window crack 
in any given room is necessarily used in estimating the infiltration heat 
loss by the crack method. The length of crack to be selected in any given 
case depends on the number of exposed sides as explained in Chapter 6. 

Values of leakage shown in Table 2 for the average double-hung wood 
window were determined by setting the average measured crack and 
clearance of a large number of windows found in a field survey on nine 
windows tested in the laboratory. In addition, the table gives figures for 
a poorly fitted window. All of the figures for double-hung wood windows 
are for the unlocked condition. Just how a window is closed, or fits when 
it is closed, has considerable influence on the leakage. The leakage will 
be high if the sash are short, if the meeting rail members are warped, or if 
the frame and sash are not fitted squarely to each other. It is possible 
to have a window with approximately the average crack and clearance 
that will have a leakage at least double that of the figures shown. Values 
for the average double-hung wood window in Table 2 are considered to be 
easily obtainable figures provided the workmanship on the window is 
good. Should it be known that the windows under consideration are 
poorly fitted, the larger leakage values should be used. Locking a window 
generally decreases its leakage, but in some cases may push the meeting 
rail members apart and increase the leakage. On windows with large 
clearances, locking will usually reduce the leakage. 

Wood casement windows may be assumed to have the same unit 
leakage as for the average double-hung wood window when properly 
fitted. Locking,'a normal operation in the closing of this type of window, 
maintains the crack at a low value. 

For metal pivoted sash, the length of crack is the total perimeter of the 
movable or ventilating sections. Frame leakage on steel windows may be 
neglected when they are properly grouted with cement mortar into brick 
work*or concrete. When they are not properly sealed, the linear feet of 
sash section in contact with steel work at mullions should be figured at 
25 per cent of the values for industrial pivoted windows as given in 
Table 2. 


*A.S H.V.E. Research Reports No. 686— Air Leakage, by F. C. Houghten and C. C. Schrader (A S.H.- 
VE Transactions, Vol. 30, 1924, p. 105). No 704 — ^Air Leakage Around Window Openings, by C. C. 
Schrader CA.S H.V.E. Transactions, Vol. 30, 1924, p. 31^. No. 803— Air Leakage on Metal Windows 
in a Modern Office Building, by F. C. Houghten a^ M. E. O’CoMeU (A.S.H^.E, Transactions V^. 
34 1928, p. 321). No. 815 — ^Air Leakage Through a Pivoted Metal Window, by F. C. Houghten and M. E. 
O’Connell (A.S.H.V.E. Transactions, Vol. 34, 1928, p. 519). No. 817— Effect of Frame Calking and 
Storm Sash on Infiltration Around and Through Windows, by W. M. Richtmann and C. Braatz 
fA.S.H.V.E. Transactions, Vol. 34, 1928, p. 547). No. 909— Air Infiltration Through Double-Hung 
Wood Windows, by G. L. Larson, D. W, Nelson and R. W. Kubasta (A.S.H.V.E. Transactions, Vol. 
37 1981 p ^1). The Weathertightness of Rolled Section Steel Windows, by J. E. Emswiler and W. 
C 'Randall* (A.S.H.V.E. Transactions, Vol. 34, 1928, p. 627). Pressure Differences Across Windows in 
Relation to Wind Velocity, by J. E. Emswiler and W. C. Randall (A.S.H.V.E. Transactions, Vol. 36, 
1930 p 83). Air Infiltration Through Steel Framed Windows, by D. O. Rusk, V. H. Cherry and L. 
Boelter (A.S.H V.E. Transactions, Vol. 39, 1933, p. 169). 
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Table 3. Infiltration Through Outside Doors for Cooling Loads^ 
Expressed in Cubic Feet per Minute per Person Entering Room 

Pair 36 in. 

Swinging Doors, Applicaiion 

Single Entrance^* 

7.5 Hospital Room 

4.5 Lunch Room... 

7.0 Men’s Shop 

6.0 Office 

8.0 Office Building 

2.5 Public Building 

7.0 Restaurant 

2 5 Shoe Store— 


•For doors located in only one wall or where doors in other walls are of revolving type. 

Westibules with double pair swinging doors, infiltration may be assumed 75 per cent of swinging 
door values. 

Infiltration for 72 in. revolving doors may be assumed 60 per cent of swinging door values. 

When storm sash are applied to well fitted windows, very little re- 
duction in infiltration is secured, but the application of the sash does give 
an air space which reduces the heat transmission and helps prevent the 
frosting of the windows®. By applying storm sash to poorly fitted 
windows, a reduction in leakage of 50 per cent may be obtained, the effect 
so far as air leakage is concerned being roughly equivalent to that obtained 
by the installation of weatherstrips. 

Door Leakage 

Doors vary greatly in fit because of their large size and tendency to 
warp. For a well fitted door, the leakage values for a poorly fitted double- 
hung wood window may be used. If poorly fitted, twice this figure should 
be used. If weatherstripped, the values may be reduced one-half. A 
single door which is frequently opened, such as might be found in a store, 
should have a value applied which is three times that for a well fitted 
door. This extra allowance is for opening and closing losses and is kept 
from being greater by the fact that doors are not used as much in the 
coldest and windiest weather. 

The infiltration rate through swinging and revolving doors is generally 
a matter of judgment by the engineer making cooling load determinations 
and in the absence of adequate research data the values given in Table 3 
represent current engineering practice^. These values are based on the 
average number of persons in a room at a specified time, which may also 
be the same occupancy assumed for determining the outside ventilation 
requirements outlined in Chapters 2 and 7. 

Air Change Method 

The amount of air leakage is sometimes roughly estimated by assuming 
a certain number of air changes per hour for each room, the number of 
changes assumed being dependent upon the type, use and location of the 
room, as indicated in Table 4. This method may be used to advantage as 

‘Fuel ^vmg Resulting from the Use of Storm Windows and Doors, by A. P. Kratz and S. Konzo 
(A.S.H.V.E. Transactions, VoL 42, 1936, p. BT). 

*The Infiltration Problem of Multiple Entrances, by A. M. Simpson and K. B. Atkinson (A.S.H.V.E, 
JouRN^ Section, Heatings Piping and Atr Conditioning, June, 1936, p. 345). Infiltration ChsScter- 
istics of Entrance Doors, by A. M. Simpson (Re^igerating Engineering, June, 1936). 
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Application 

Bank 

Barber Shop 

Broker’s Office 

Candy and Soda 

Department Store. 

Dress Shop 

Drug Store 

Furrier 


Pair 3G in. 
Swinging Doors, 
Single Entrance^* 

3^5 

5.0 

3.5 

3.0 

2.0 

2.5 

2.5 

3.5 
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Table 4. Air Changes Taking Place under Average Conditions Exclusive 
OF Air Provided for Ventilation^ 


Kind of Room or Building 

Number op Air 
Changes taking 
Place per Hour 

Kind of Room or Building 

Number of Air 
Changes taking 
Place per Hour 

Rooms, 1 side exposed 

Rooms, 2 sides exposed 

Rooms, 3 sides exposed 

1 

2 

Rooms with no windows 

or outside doors 

Rntranrp^ Halls _ 

HtoH 

2 to 3 

Rooms, 4 sides exposed 

2 

R<»ri^ptinn Halls 

2 



Bath Rooms 

Stores- 

2 

1 to3 


^For rooms with weatherstripped windows or storm sash, use H these values, where applicable. 


a check on the calculations made in the more exact manner. On the 
other hand, where it is not possible to determine or pre-determine with 
accuracy the width of crack or clearance of windows, or where other 
sources of air leakage cannot readily be evaluated, as is often the case, 
the use of the air change method may be justified. 

The values in Table 4 may be used with reasonable accuracy for resi- 
dences and are the requirements for each room. The total infiltration 
allowance for the entire building should be one-half the sum of the 
infiltration allowances of the individual rooms, since whatever air enters 
on the windward side generally leaves the building on the leeward side 
and the infiltration requirements therefore do not exist simultaneously 
bn all sides or in all rooms. An allowance of one air change per hour for 
all sources of air leakage for the entire volume may be considered average 
for a well constructed residence. 

The air leakage for vestibules due to opening and closing of doors is 
sometimes based on the air change method, even though the air leakage 
estimates for other rooms are based on the crack method. Except for 
vestibules and reception halls, it is not advisable to attempt to apply the 
air change method to factories and industrial and commercial buildings 
because of wide variations in the type and percentage of fenestration 
which is the principal source of air leakage in such buildings. 

INFILTRATION DUE TO TEMPERATURE DIFFERENCE 

The air exchange due to temperature difference, inside to outside, is a 
chimney effect, causing air to enter through openings at lower levels and 
to leave at higher levels®. Although it is not appreciable in low buildings, 
this loss should be considered in tall, single story buildings with openings 
near the ground level and near the ceiling. Also in tall, multi-story 
buildings it may be a considerable item unless the sealing between various 
floors and rooms is quite perfect. 

In tall buildings, temperature difference or chimney effect will produce 
a head that will add to the effect of the wind at lower levels and subtract 


•A.S.H.V.E. Research Reports No. 994 — ^Wind Velocities Near a Building and Their Effect on Heat 
Loss, by F. C. Houghten, J. L. Blackshaw and Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 40, 1934, 
p. 387). No. 1069 — Heating Requirements of an Office Building as Influenced by the Stack Effect, by 
F. C. Houghten and Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 43. 1937, p. 437). Flue Action in 
High Buildings, by H. L. Alt (A.S.H.V.E. Joxjrnal Section, Ueattng, Pii>tng and Air Conditioning, May, 
1932, p. 376). Influence of Stack Effect on the Heat Loss in Tall Buildings, by Axel Marin (A.S.H.V.E. 
Transactions, Vol. 40, 1934, p. 377). 
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from it at higher levels. On the other hand, the wind velocity at lower 
levels may be somewhat abated by surrounding obstructions. Further- 
more, the chimney effect is reduced in multi-story buildings by the partial 
isolation of floors, thereby preventing free upward movement, so that 
wind and temperature difference may seldom cooperate to the fullest 
extent. Making the rough assumption that the neutral zone^ is located at 
mid-height of a building, and that the temperature difference is 70 F, 
Equations 1 and 2 may be used to determine an equivalent wind velocity 
to be used in connection with Tables 1 and 2 that will allow for both wind 
velocity and temperature difference: 


where 


Jlfe = - 1.75 a (1) 

Jkfe = y/M^ + 1.75 h (2) 

Jl^e = equivalent wind velocity to be used in conjunction with Tables 1 and 2. 
M = wind velocity upon which infiltration would be determined if tem- 
perature difference were disregarded. 

a = distance of windows under consideration from mid-height of building 
if above mid-height, feet. 
h = distance if below mid-height, feet. 


The coefficient 1.75 allows for about one-half the temperature difference head. 


For buildings of unusual height, Equation 1 would indicate negative 
infiltration at the highest stories, which condition may, at times, actually 
exist. 


Sealing of Vertical Openings 

In tall, multi-story buildings, every effort. should be made to seal off 
vertical openings such as stair-wells and elevator shafts from the re- 
mainder of the building. Stair-wells should be equipped with self-closing 
doors, and, in exceptionally high buildings, should be closed off into 
sections of not over 10 floors each. Plaster cracks should be filled. 
Elevator enclosures should be tight and solid doors should be used. 

If the sealing of the vertical openings is made effective, no allowance 
need be made for the chimney effect. Instead, the greater wind move- 
ment at the greater heights makes it advisable to install additional heating 
surface on the upper floors above the level of neighboring buildings, this 
additional surface being increased as the height is increased. One 
arbitrary rule is to increase the heating surface on floors above neighboring 
buildings by an amount ranging from 5 per cent to 20 per cent. This extra 
heating surface is required only on the windward side and on windy days, 
and hence automatic temperature control is especially desirable with such 
installations. 

In stair-wells that are open through many floor levels although closed 
off from the remainder of each floor by doors and partitions, the strati- 
fication of air makes it advisable to increase the amount of heating surface 
at the lower levels and to decrease the amount at higher levels. One rule 
is to calculate the heating surface of the entire stair-well in the usual way 
and to place 50 per cent of this in the bottom third, the normal amount 
in the middle third and the balance in the top third. 


“Neutral Zone in Ventilation, by J. E. Eraswiler (A.S.H.V.E. Transactions, Vol. 32, 1926, p, 69). 
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Transmission Heat Losses, Infiliraiion Heat Losses, Inside 
Temperatures, Outside Temperatures, Attic Temperatures, 
Temperatures in Unheated Spaces, Ground Temperatures, 
Basement Temperatures and Heat Losses, Heat Losses Through 
Ceilings and Roofs, Selection of Wind Velocities, Auxiliary 
Heat, Sources, Intermittently Heated Buildings, Residence 
Heat Loss Problems 


I N the design of a heating system, an estimate must be made of the 
maximum probable heat loss of each room or space to be heated, 
based on maintaining a specified inside air temperature during periods of 
minimum selected design weather conditions. The heat losses may be 
divided into two groups, namely (1) the transmission losses or heat losses 
through the confining walls, floor, ceiling, glass or other surfaces and (2) 
the infiltration losses or heat losses due to air leakage through cracks and 
crevices, around doors and windows, opening of doors and other sources 
of interchange of air between the inside and outside. 


TRANSMISSION HEAT LOSSES 

The basic formula for the loss of heat by transmission through any 
surface is given in Equation 1, 

Ht-^AUa-to) ( 1 ) 

where 

Ht == heat loss transmitted through the wall, roof, ceiling, floor or glass, Btu per 
hour. • 

A = area of wall, glass, roof, ceiling, floor or other exposed surfaces, square feet. 

U = coeflicient of transmission, air to air, Btu per hour per square foot per degree 
Fahrenheit temperature difference (Chapter 4). 

/ = inside temperature near surface involved which may not necessarily be the 
so-called breathing line temperature, degrees Fahrenheit. 

to == outside temperature, or temperature of adjacent unheated space or of the 
ground, degrees Fahrenheit. 

Example 1, Calculate the transmission loss through an 8 in. brick wall having an 
area of 160 sq ft if the inside temperature {t) is 70 F and the outside temperature (^o) 
is -10 F. 
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Solution. The coefficient of transmission ( Z7) of a plain 8 in. brick wall is 0.50 (Chapter 
4, Table 6), The area (^4) is 150 sq ft. Substituting in Equation 1; 

Ht = 150 X 0.50 X [70 - ( - 10)] = 6000 Btu per hour. 

INFILTRATION HEAT LOSSES 

The infiltration heat losses include (1) the sensible heat loss or the heat 
required to warm the outside air entering by infiltration and (2) the latent 
heat loss or the heat equivalent of any moisture which must be added. 

Sensible Heat Loss 

The formula for the heat required to warm the outside air which 
enters a room by infiltration, to the temperature of the room, is given 
in Equation 2. 

Hs = 0.24 Qd (t ~ to) (2) 

where 

Hs = heat required to raise temperature of air leaking into building from to to t, 
Btu per hour. 

0.24 = specific heat of air. 

Q = volume of outside air entering building, cubic feet per hour (see Chapter 5). 
d = density of air at temperature ^o, pounds per cubic foot. 

It is sufficiently accurate to use d — 0.075 in which case Equation 2 
reduces to 

Fa = 0.018 Q{t- to) (2a) 

The volume of outside air entering per hour {Q) depends on the wind 
velocity and direction, the width of crack or size of openings, the type of 
openings and other factors, as explained in Chapter 5. Where the crack 
method is used for estimating the amount of air leakage, it is more con- 
venient to express the heat loss due to air leakage in terms of the crack 
length, as follows: 

Fs = 0.018 QL{t - to) = B L{t - to) (2b) 

where 

B — air leakage per foot of crack (Chapter 5) for the wind velocity and type of 
' windows or door crack involved multiplied by 0.018. 

L ~ length of window or door crack to be taken into consideration, feet. 

Example 2. What is the infiltration heat loss per hour through the crack of a 3 x 5 ft 
double-hung wood window, based on an average non-weatherstripped window and a 
wind velocity of 15 mph? Assume inside and outside temperatures to be 70 F and zero 
respectively. 

Solution, According^ to Table 2, Chapter 5, the air leakage through a window of 
this type (based on He In- crack and He in. clearance) is 39.3 cu ft per foot of crack per 
hour. Therefore, B = 39.3 X 0.018 =» 0.71. The length of crack (Z) is (2 X 5) -f- 
(3 X 3), or 19 ft; ^ = 70 and to = 0. Substituting in Equation 2b, 

Fs = 0.71 X 19 X (70 - 0) = 944 Btu per hour. 

Crack Length to be Used for Computations 

The amount of crack used for computing the infiltration heat loss 
should not be less than half of the total crack in the outside walls of the 
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room. For a building having no partitions, whatever wind enters through 
the cracks on the windward side must leave through the cracks on the 
leeward side. Therefore, take one-half the total crack for computing 
each side and end of the building. In a room with one exposed wall, take 
all the crack; with two exposed walls, take the wall having the most 
crack; and with three or four exposed walls, take the wall having the 
most crack; but in no case take less than half the total crack. 

The total infiltration loss of a building having partitions will not be 
equal to the sum of the infiltration losses of the various rooms since at 
any given time infiltration will take place only on the windward side or 
sides and not on the leeward side. Therefore, if a building has more than 
one room which is divided by interior walls or partitions, it is sufficiently 
accurate to use half of the total infiltration losses for determining the 
total heat requirements. 

Latent Heat Loss 

When it is intended to add moisture to air leaking into a room for the 
maintenance of proper winter comfort conditions, it is necessary to 
determine the heat equivalent to evaporate the required amount of water 
vapor, which may be calculated by the equation: 

where 

H\ = heat required to increase moisture content of air leaking into building from 
mo to mu Btu per hour. 

Q = volume of outside air entering building, cubic feet per hour. 
d = density of air at temperature /i, pounds per cubic foot. 

mi = vapor density of inside air, grains per pound of dry air. 

Wo ~ vapor density of outside air, grains per pound of dry air. 

Afg = latent heat of vapor at mu Btu per pound. 

If the latent heat of vapor {hQ is assumed to be 1060 Btu per pound, 
Equation 3 reduces to 

Hi = 0.0114 Q {mi - mo) (3a) 

Equations 2a, 2b and 3a may also be used for determining the sensible 
and latent heat gains due to infiltration in cooling load computations. 

INSIDE TEMPERATURES 

The inside air temperature which must be maintained within a building 
is understood to be the dry-bulb temperature at the breathing line, 5 ft 
above the floor, or the 30-in. line, and not less than 3 ft from the outside 
walls. Inside air temperatures, usually specified, vary in accordance 
with the use to which the building is to be put and Table 1 presents values 
which conform with good practice. 

The proper dry-bulb temperature to be maintained depends upon the 
relative humidity and air motion, as explained in Chapter 2. In other 
words, a person may feel warm or cool at the same dry-bulb temperature, 
depending on the relative humidity and air motion. The optimum winter 
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effective temperature for sedentary persons, as determined at the A.S.H.V.E. 
Research Laboratory, is 66 deg. 

As explained in Chapter 2 for so-called still air conditions, a relative 
humidity of approximately 50 per cent is required to produce an effective 
temperature of 66 deg when the dry-bulb temperature is 70 F. However, 
even where provision is made for artificial humidification, the relative 
humidity is seldom maintained higher than 40 per cent during the ex- 
tremely cold weather, and where no provision is made for humidification, 
the relative humidity may be 20 per cent or less. Consequently, in using 
the figures listed in Table 1, consideration should be given to whether 

Table 1. Winter Inside Dry-Bulb Temperatures Usually Specified^ 


Type of Building 

Deg F 

Type of Building 

Deg F 

Schools — 


Theaters — 


rnnmfi _ 

70-72 

ting sparp 

68-72 

Asfipmhiy moms 

68-72 

Iminga rooms . _ 

68-72 

r^yrnnflsinms 

55-65 

Toilats . _ _ 

68 

Toilets and baths. 

70 



Wardrobe and locker rooms.... 

65-68 

Hotels — 


TCitrbpns 

i66 

Bedrooms and baths. 

70 

Dining and lunch rooms... 

65-70 

Dining rooms . , 

70 

Piflyronms 

60-65 

Kitchens and lanndrt#^ _ 

66 

Nafaf-nriiims 

75 

Ballrooma 

65-68 



Toilets and service rooms 

68 

Hospitals — 




Privfltp rooms 

70-72 

Homes ... 

70-72 

Private rooms (surgical)— 

70-80 

Stores 

65-68 

Operating rooma 

70-95 

pTTET.ir TlTTTT.mNOS 

68-72 

Warda 

68 

Warm atr raths. . 

120 

Kitchens and laundries 

66 

Steam -RATPrs; . 

110 

Toilets .’ 

68 

Factories and MAcmNE shops.. 

60-65 

Bathrooma— 

70-80 

Foundries and boiler shops 

50-60 



Paint shops. 

80 


^The most comfortable dry-bulb temperature to be maintained depends on the relative humidity and 
air motion. These three factors considered together constitute what is termed the effective temperature. 
(See Chapter 2.) 


provision is to be made for humidification, and if so, the actual relative 
humidity to be maintained. 

Temperature at Proper Level: In making the actual heat loss compu- 
tations, however, for the various rooms in a building it is often necessary 
to modify the temperatures given in Table 1 so that the air temperature 
at the proper level will be used. By air temperature at the proper level is 
meant, in the case of walls, the air temperature at the mean height be- 
tween floor and ceiling; in the case of glass, the air temperature at the 
mean height of the glass; in the case of roof or ceiling, the air temperature 
at the mean height of the roof or ceiling above the floor of the heate(i 
room; and in the case of floors, the air temperature at the floor level. 

Temperature at Ceiling: The air temperature at the ceiling is generally 
higher than at the breathing level due to stratification of air resulting from 
the tendency of the warmer or less dense air to rise. An allowance for this 
fact should be made in calculating ceiling heat losses, particularly in the 
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case of high ceilings. However, the exact allowance to be made may be 
somewhat difficult to determine as it depends on many factors, including 
(1) the type of heating system, (2) ceiling height and (3) the inside- 
outside temperature differential. The type of heating system is par- 
ticularly important as the temperature gradient from floor to breathing- 
level to ceiling may depend to a large extent on whether direct radiation, 
unit heaters or warm air is used, and in the latter case, whether the circu- 
lation is by gravity, auxiliary fan or forced air. Although with properly 
adjusted air flow the temperature differential with unit heaters can be 


Table 2. Approximate Temperature Differentials Between Breathing Level 
AND Ceiling, Applicable to Certain Types of Heating Systems^ 


Ceiling 


Breathing Level Temperature (5 ft Above Floor) 


(Ft) 

60 

65 

70 

72 

74 

76 

78 

80 

85 

90 

10 

3.0 

3.3 

3.5 

3.6 

3.7 

3.8 

3.9 

4.0 

4.3 

4.5 

11 

3.6 

3.9 

4.2 

4.3 

4.4 

4.6 

4.7 

4.8 

5.1 

5.4 

12 

4.2 

4.6 

4.9 

5.0 

5.2 

5.3 

5.5 

5.6 

6.0 

6.3 

13 

4.8 

5.2 

5.6 

5.8 

5.9 

6.1 

6.2 

6.4 

6.8 

7.2 

14 

5.4 

5.9 

6.3 

6.5 

6.7 

6.8 

7.0 

7.2 

7.7 

8.1 

15 

6.0 

6.5 

7.0 

7.2 

7.4 

7.6 

7.8 

8.0 

8.5 

9.0 

16 

6.1 

6.6 

7.1 

7.3 

7.5 

7.7 

7.9 

8.1 

8.6 

9.1 

17 

6.2 

6.7 

7.2 

7.4 

7.6 

7.8 

8.0 

8.2 

8.7 

9.2 

18 

6.3 

6.8 

7.3 

7.5 

7.7 

7.9 

8.1 

8.3 

8.8 

9.3 

19 

6.4 

6.9 

7.4 

7.6 

7.8 

8.0 

8.2 

8.4 

[ 8.9 

9.4 

20 

6.5 

7.0 

7.5 

7.7 

7.9 

8.1 

8.3 

8.5 

9.0 

9.5 

25 

7.0 

7.5 

8.0 

8.2 

8.4 

8.6 

8.8 

9.0 

9.5 

10.0 

30 1 

7.5 

8.0 , 

8.5 

8.7 

8.9 

9.1 

9.3 

9.5 

10.0 

10.5 

35 

8.0 

8.5 

9.0 

9.2 

9.4 

9.6 

9.8 

10.0 

10.5 

11.0 

40 

8.5 

9.0 

9.5 

9.7 

9.9 

10.1 

10.3 

10.5 

11.0 

11.5 

45 

9.0 i 

9.5 

10.0 

10.2 

10.4 

10.6 

10.8 

11.0 

11.5 

12.0 

50 

9.5 

10.0 

10.5 

10.7 

10.9 

11.1 

11.3 

11.5 

12.0 

12.5 


•The figures in this table are based on an increase of 1 per cent per foot of height above the breathing 
level (5 ft) up to 15 ft and 1/10 of one degree for each foot above 16 ft. This table is generally applicable 
to forced air types of heating systems. For direct radiation or gravity warm air, increase values 50 per cent 
to 100 per cent. 


reduced to a minimum, it is also possible with improper adjustment that 
the temperature differential will be increased over that which would 
normally result without mechanical circulation of the air. 

Tests in the University of Illinois Research Residence^ indicated that 
the breathing level-ceiling temperature differential varied from about 1 
to 33 ^ deg for three types of warm air heating systems, namely, forced air, 
auxiliary fan and gravity. These tests were based on an outdoor air tem- 
perature of approximately 20 F. Tests in the University of Wisconsin 
Field House^ having a ceiling height of 97 ft showed a temperature 
gradient of about % deg per foot for the first 15 ft of elevation and, 


^University of Illinois Engineering Experiment Station Bulletin No. 318 — Investigation of Oil-Fired 
Forced Air Furnace Systems in the Research Residence, by A. P. Kratz and S. Konzo. 

^A.S.H.V.E. Research Report No. 958 — ^Temperature Gradient Observations in a Large H^ted 
Space, by G. L Larson, D W. Nelson, land O. C. Cromer (A.S.H.V.E. Transactions, Vol 39, 1933, p. 
243). ^ 
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about 1/10 of a degree per foot from 15 ft to 97 ft at the peak of the 
roof based on gravity circulation and near zero outside temperature 
conditions. 

Tests at the University of Wisconsin were also conducted in the 
Mechanical Engineering Building® having a ceiling height of 21 ft. These 
results showed an approximate average difference of 4)^ deg between the 
breathing level (5 ft) and the 15 ft level, for floor unit heaters. The tem- 
perature at the ceiling averaged about 0.7 deg higher than the 15 ft 
level temperature or about 5.2 deg higher than the breathing level tem- 
perature. 

It would be difficult from present available information to establish 
rules for determining the temperature difference to use in all cases. 
However, for residences and other structures having ceiling heights under 
10 ft, the comparatively small temperature differential between the 
breathing level and ceiling may generally be neglected without serious 
error. For higher ceilings where specific test data are not available, an 
allowance of approximately 1 per cent per foot of height above the 
breathing level may be made for ceiling heights up to 15 ft and approxi- 
mately 1/10 of 1 deg per foot of height above this level. The values in 
Table 2 are calculated on this basis. For direct radiation and gravity 
warm air systems, the allowance should be increased from 50 per cent to 
100 per cent over those given in Table 2. These rules should, however, 
be used with considerable discretion. 

Temperature at Floor Level: According to the University of Illinois 
Research Residence tests^, the temperature at the floor level ranged from 
about 23 ^ to 6 deg below that at the breathing level, or somewhat 
greater than the difference between the breathing level and ceiling 
temperatures. Tests at the University of Wisconsin® indicated a some- 
what smaller differential between the floor and breathing level tempera- 
tures. As a general rule, if the breathing level-ceiling temperature 
differential is neglected (as with ceiling heights under 10 ft), the breathing 
level-floor differential may also be neglected as the two are somewhat 
compensating, especially where both floor and ceiling heat losses are 
calculated for the same space. In other cases, the 10 ft temperature 
differentials in Table 2 may be used in arriving at the floor heat loss, these 
differentials, of course, to be subtracted from the breathing level tem- 
perature. 


OUTSIDE DESIGN TEMPERATURES 

There are no hard and fast rules for selecting the outside design tem- 
perature to be used for a given locality or type of building or heating 
system, and the problem is to some extent a matter of judgment and 
experience. The outside design temperature is seldom taken as the lowest 
temperature, or even the lowest daily mean temperature ever recorded 
in a given locality. Such temperatures are rarely repeated in successive 
years. A temperature somewhat higher than the minimum or the lowest 


•A.S.H.V.E. Research Report No. 1011— Tests of Three Heating Systems in an Industrial Type of 
Building, by G. L. Larson, D. W. Ndson, and John James (A.S H.V.E. Transactions, Vol. 41, 1936, p. 185). 
*Loc. Cit. Note 1. 
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daily mean on record may be properly assumed in making the heat loss 
computations. Table 3 lists the lowest dry-bulb temperatures ever re- 
ported in the places listed. Temperatures for other cities may be obtained 
from local weather bureau records®. The design temperatures shown in 
Fig. 1 are generally representative of the practice in various sections of 
the United States, although in some instances, due to local conditions of 
altitude or exposure, the design temperatures may vary slightly from 
those indicated. 


ATTIC TEMPERATURES 

Frequently it is necessary to estimate the attic temperature, and in 
such cases Equation 4 can be used for this purpose. 


where 


AcUcti to {ArTJr -h A-srU'w 4“ -^g^g) 
ArTJf -}“ A-^TJ^ AgTJg -j- AqTJc 


(4) 


= attic temperature, degrees Fahrenheit. 
h = inside temperature near top floor ceiling, degrees Fahrenheit. 
to — outside temperature, degrees Fahrenheit. 

Ao = area of ceiling, square feet. 

4r = area of roof, square feet. 

Avi = area of net vertical wall surface, square feet. 

Ag — area of glass, square feet. 

Uc = coefficient of transmission of ceiling, based on surface coefficient of 2.20 (upper 
surface, see Chapter 4). 

Vt — coefficient of transmission of roof, based on surface coefficient of 2.20 (lower 
surface, see Chapter 4). 

U^n = coefficient of transmission of vertical wall surface. 

TJg — coefficient of transmission of glass. 


Example 3, Calculate the temperature in ah unheated attic, assuming the following 
conditions: t\ = 70; to *= 10; 4c — 1000; At =* 1200; Aw ~ 100; Ag = 10; Ur — 0.50; 
Uc - 0.40; Uw = 0.30; Ug - 1.13. 


Solution: Substituting these values in Equation 4: 


(1000 X 0.40 X 70) + 10 [(1200 X 0.50) + (100 X 0.30) -h (10 X 1.13)] 
(1200 X 0.50) -f- (100 X 0.30) + (10 X 1.13) + (1000 X 0.40) 


_ 34,413 
^ 1041 


33.1 F. 


Equation 4 neglects the effect of any interchange of air such as would 
take place through attic vents or louvers intended to preclude attic con- 
densation. However, according to tests®, such venting of attics by means 
of louvers or other small openings does not appreciably reduce the attic 
temperature and may be neglected without serious error. The attic 


•Caniegie Institute of Technology, Bulletin, An Analysis of Winter Temperatures for One Hundred and 
Twenty Cities, by Clark M. Humphreys. 

"Methods of Moisture Control and Their Application to Building Construction, by F. B. Rowley, 
A. B .Algren and C. E. Lund (University of Minnesota, Engineering Ex-perimeni Station Bulletin-, No. 17), 
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Table 3. Climatic Conditions Compiled from Weather Bureau Records^ 


Col. a 

Col B 

COL. C 

Col. D 

Col. E 

Col. F 

State 

City 

Normal 
Temperature, 
Oct. 1- 
May 1 

Lowest 

Temperature 

Ever 

Reported 

Average 
Wind 
Velocity 
Dec., Jan., 
Feb., Miles 
per Hour 

Direction of 
Prevailing 
Wind, 
Dec., Jan., 
Feb. 


Birmingham 

53.8 

-10 

8.0 

N 


Mobile 

58.9 

-1 

10.2 

N 

Arizona 

Flagstaff. 

35.8 

-30 

7.8 

SW 


Phoeniv 

69.5 

16 

5.3 

E 

Arlrfl URns _ 

Fort Smith. 

50.4 

-15 

8.1 

E 


Little Rock 

51.6 

-12 

8.3 

NW 

California 

Lqs Angeles 

58.5 

28 

6.3 

NE 


San Francisco 

54.2 

27 

7.5 

N 

CnlnraHn _ 

Denv#*r, 

38.9 

-29 

7.5 

S 

Connecticut 

Grand Junction 

New Ha ven. . 

38.9 

38.4 

-21 

-15 

4.3 

9.5 

NW 

N 

District of Col.., , 

Washington 

43.4 

-15 

7.9 

NW 

Florida 

Jacksonville 

62.0 

10 

9.1 

NE 

rienr£;ia 

Atlanta 

51.5 

-8 

11.4 

NW 


Sflv^'unflh. 

58.5 

8 

9.5 

NW 

Idaho 

Lewiston 

42.3 

-23 

5.3 

E 


Poratello 

35.7 

-28 

9.3 

SE 

Illinois 

Chirago,. 

36.4 

-23 

12.5 

W 


Springfield 

39.8 

-24 

12.1 

NW 

Indiana 

Fvanfiville , , 

45.1 

-16 

9.8 

s 


Indianapolis 

40.3 

-25 

11.5 

s 

Iowa 

DubiiQue 

33.9 

-32 

7.1 

NW 


Sionx City 

32.6 

-35 

11.6 

NW 

TCanaa a 

Concordia . 

39.8 

-25 

7.7 

N 


Dodge. City 

41.4 

-26 

10.3 

NW 

Kentucky 

I.ouisville. - 

45.3 

-20 

9.9 

SW 

T.ouiaiana_. _ __ 

New Orleans 

61.6 

7 

8.7 

NE 


Shreveport. 

56.2 

-5 

8.1 

SE 

IVTainp: 

F.?^.Stport 

31.5 

-23 

12.6 

NW 


Portland ._ 

33.8 

-21 ■ 

9.2 

NW 

Maryland 

Baltimore 

43.8 

-7 

8.1 

SW 

Massachusetts 

Boston 

38.1 

-18 

11.2 

W 

Michigran 

Alpena. 

29.6 

-28 

11.0 

1 W 


Detroit ... 

35.8 

-24 

12.7 

SW 


Marquette 

28.3 

-27 

10.8 

NW 

Minnesota 

Duluth 

24.3 

-41 

13.5 

SW 

Mississippi 

Minneapolis 

Virlr.shiirg 

29.4 

56.8 

-34 
— 1 

11.3 

8.3 

NW 

SE 

Missouri 

St. Joseph 

39.5 

-24 

9.3 

W 


St. Louis 

43.6 

-22 

11.7 

$ 


Springfield 

44.3 

-29 

10.9 

SE 

Montana. . . . . 

Billings 

34.3 

-49 

11.9 

SW 


Havre. 

27.6 

-57 

9.5 

SW 

Nebraska. 

I.inrnln 

37.0 

-29 

10.7 

s 


North Platte 

35.4 

-35 

8.3 

W 

Nevada 

Tonopah 

39.7 

-15 

10.0 

SE 


Winnemnrca. 

37.9 

-36 

8.2 

NE 

New Hampshire- 
New Jersey... 

Concord 

33.3 

-35 

6.6 

NW 

Atlantic City 

41.6 

-9 

15.6 

NW 

New Yorki 

Albany 

35.2 

-24 

8.4 

s 


Buffalo 

34.8 

-20 

17.2 

W 


New York 

40.7 

-14 

16.7 

NW 




•United States data from U S. Weather Bureau, and Canadian data from Meteorological Service of 
Canada, corrected to 1943. 
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Table 3. Climatic Conditions Compiled from Weather Bureau Records® — 

(Concluded) 


Col. a 

Col. B 

Col. C 

Col. D 

Col. E 

Col. F 

State 

or Province 

City 

Normal 
Temperature, 
Oct. 1- 
May 1 

Lowest 

Temperature 

Ever 

Reported 

Average 
Wind 
Velocity 
Dec., Jan , 
Feb., Miles 
per Hour 

Direction of 
Prevailing 
Wind, 
Dec., Jan., 
Feb. 

Npw Mpivirn 

Santa Fe 

38.3 

-13 

7.8 

NE 

North Carolina 

Raleigh 

50.0 

-2 

7.9 

SW 


Wilmington 

54.3 

5 

8.1 

W 

North Dakota 

Bismarck 

24.6 

-45 

9.0 

NW 


Devils Lake. 

20.3 

-46 

10.4 

W 

Ohio _ 

Cleveland. „ 

37.2 

-17 

15.0 

SW 


Columbus. 

39.9 

1 -20 

11.6 

1 SW 

Oklahoma 

Oklahoma City 

47.9 

-17 

11.8 

NW 

Oregon. 

Baker . 

35.2 

46.1 

-25 

6.8 

SE 


Portland. — 

-2 

7.4 

S 

Pennsylvania 

Philadelphia 

42.7 

-11 

11.0 

NW 

Pittsburgh 

41.0 

-20 

11.7 

W 

Rhode Island 

Providenee. 

37.2 

-17 

12.6 

NW 

South Carolina 

Charleston 

57.4 

7 

10.6 

SW 


Columbia.- 

54.0 

-2 

8.1 

NE 

South Dakota 

Huron. 

28.2 

-43 

10.6 

NW 


Rapid City 

33.4 

-34 

7.9 

1 W 

Tennessee 

Knoxville 

47.9 

-16 

7.1 

SW 


Memphis 

51.1 

-9 

9.4 

S 

T evas 

El Paso 

53.5 

-5 

9.0 

NW 


Ft. Worth 

55.2 

-8 

10.3 

NW 


San Antonio 

60.6 

4 

8.3 

NE 

TTtah 

Modena 

36.3 

-32 

9.3 

W 


Salt Lake City 

40.0 

-20 

6.7 

SE 

Vermont 

Burlington . . 

31.5 

-29 

11.7 

S 

Virginia 

Lynchburg- 

46.8 

-7 

8.1 

NW 

Norfolk- - 

49.3 

2 

12.4 

N 


Richmond 

47.0 

-3 

8.0 

SW 

Washington 

Seattle. ■ 

46.3 

3 

10.1 

SE 


Spokane 

37.7 

-30 

6.3 j 

SW 

West Virginia 

Elkins— 

39.4 

-28 

5.8 I 

W 

Parkersburg. 

42.6 

-27 

7.3 

SW 

Wisconsin 

Green Ray. 

30.0 

-36 

10,6 

SW 


LaCrosse 

31.7 

-43 

5.6 

S 


Milwaukee 

33.4 

-25 

12.0 

W 

Wyoming 

Lander 

30.0 

-40 

3.9 

SW 


Sheridan. 

31.0 

-41 

5.1 

NW 

Alta... 

Edmonton 

22.8 

-57 

7.5 

SW 

R r 

Vanrouver... 

42.6 

2 

4.5 

E 


Victoria 

44.0 

-2 

12.6 

N 

Man. 

Winnipeg 

17.2 

-54 

10.1 

NW 

N. R 

Fredericton 

27.5 

-35 

9.1 

NW 

N .q. 

Yarmouth.,.*. 

34.8 

-12 

14.3 

NW 

Ont 

T.ondon .. 

32.6 

-27 

10.3 

W 


Ottawa 

26.4 

-35 

8.4 

w 


Port Arthur.— 

22.0 

-40 

8.0 

NW 


Toronto 

32.6 

-26 

13 6 

SW 

P K T 

Charlottetown 

29,4 

-27 

9.8 

NW 

Que. 

Montreal 

28.1 

-29 

11.3 

SW 


Qneher ... ... 

24.5 

-34 

13.3 

SW 

Saak. 

Prinee Albert. 

16.0 

-70 

5.1 

w 

Yukon 

Dawson 

1.9 

-68 

3.7 

s 


•United States data from U. S. Weather Bureau, and Canadian data from Meteorological Service of 
Canada, corrected to 1943. 
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Fig. 1. Design Temperature Zone Map 
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temperature may be calculated in the usual manner by means of Equa- 
tion 4, allowing the full value of the roof. The error resulting from this 
assumption will generally be considerably less than if the roof were 
neglected (as is sometimes the practice) and the attic temperature as- 
sumed to be the same as the outside temperature. 


TEMPERATURES IN UNHEATED SPACES 

The heat loss from heated rooms into unheated rooms or spaces must 
be based on the estimated or assumed temperature in such unheated 
spaces. This temperature will generally range between the inside and 
outside temperatures, depending on the relative areas of the surfaces 
adjacent to the heated room and exposed to the outside. If the respective 
surface areas adjacent to the heated room and exposed to the outside are 
approximately the same, and if the coefficients of transmission are 
approximately equal, the temperature in the unheated space may be 
assumed to be the mean of the inside and outside design temperatures. 
If, however, the surface areas and coefficients are unequal, the tempera- 
ture in the unheated space should be estimated by means of Equation 5. 

_ + A 2 U 2 4~ AzTJz + etc.) -j- to {AzJJq, + etc.) 

" AxUi + A^U 2 -H AzUi + etc. + A^U^ + A^,Uh + AcUc + etc. ^ ^ 

where 


/u — temperature in unheated space, degrees Fahrenheit. 
t = inside design temperature of heated room, degrees Fahrenheit. 

== outside design temperature, degrees Fahrenheit. 

A\^ A 2 , A 3 , etc. = areas of surface of unheated space adjacent to heated space, 
square feet. 

.4a, .4b, ^ Cl etc. = areas of surface of unheated space exposed to outside, square feet. 

l/i, TJ 2 , TJz, etc. = coefficients of transmission of surfaces of Ai^ A 2 , A 3 , etc. 

C/a, Uh, Uc, etc. = coefficients of transmission of surfaces .4a, 4b, 4c, etc. 

Example 4* Calculate the temperature in an unheated space adjacent to a heated 
room having surface areas (4i, Ai, and 4j) in contact therewith of 100, 120 and 140 
sq ft and coefficients (C/i, TJ 2 , and U3) of 0.15, 0.20 and 0.25 respectively. The surface 
areas of the unheated space exposed to the outside (4 a and 4 b) are respectively 100 and 
140 sq ft and the corresponding coefficients are 0.10 and 0.30, The sixth surface is on 
the ground and is neglected in this example. Assume ^ = 70 and to = —lO, 

Solution. Substituting in Equation 5: 

70[(100 XO. 15) +(120 X 0.20) +(140 X0.25)] H — 10[(100 XO.IO) 4- (140 X0.30) ] 

““ (lOOX 0.15) + (120X 0.20) + (140X 0.25) + (lOOX 0.10) + (140X 0.30) 




4660 
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37 F. 


The temperature in unheated spaces having large glass areas and with 
two or more surfaces exposed to the outside (such as sleeping porches and 
sun parlors), are generally assumed to be the same as the outside tem- 
perature. 

GROUND TEMPERATURES 

Ground temperatures to be assumed for estimating basement heat 
losses will usually differ in the case of basement walls and floors, the 
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temperatures under the floors being generally higher than those adjacent 
to walls. 

Temperatures Adjacent to Basement Walls 

Ground temperatures near the surface and under open spaces vary 
with the climate, the season of the year and the depth below the surface. 
The nearer the surface (during the cold weather) the lower the tem- 
perature. Frost will penetrate to a depth of over 4 ft in some localities 
if not protected by snow. A thick blanket of snow will result in a higher 
ground temperature near the surface. Consequently ground tempera- 
tures near the surface may be higher in cold climates where the snow 
remains on the ground for a greater length of time than in more moderate 
climates where the snow melts away periodically during the winter. 

Complete data*^ for various localities are not as yet available but in 
estimating heat losses through vertical walls below grade, it is advisable 
not to assume average ground temperatures above 32 F in northern 
climates when estimating heat losses from heated basements. This is for 
the mean height of the basement wall. Since the recommended wall 
coefficient for basement walls in contact with the soil is only 0.10, any 
small variation in the assumed ground temperature will not materially 
affect the calculated heat loss. 

Temperatures Under Basement Floors 

The temperature under basement floors^ is influenced by the heat from 
the basement or protected from the influence of atmospheric conditions 
by the basement. In computing losses through basement floors the 
ground temperatures may be assumed the same as the approximate water 
temperature at depths of 30 to 60 ft given in Fig. 1, Chapter 27. It 
should be remembered however that the distance of the basement floor 
below grade may have some effect upon the temperature of the ground 
under basement floors, the nearer the surface the higher the temperature. 

BASEMENT TEMPERATURES AND HEAT LOSSES 

The allowance to be made for basement heat losses depends on whether 
the basement is to be heated or not. 

Unheated Basements 

If a basement is completely below grade and is not heated^ the tem- 
perature in the basement will normally range between that in the rooms 
above and the ground temperature. Basement windows will of course 
lower the basement temperature when it is colder outside and any heat 


^The temperatures listed were obtained on February 11, 1941, in Pittsburgh, Pa., at the depths indicated 
at a location 21 ft from the walls of a heated basement. 

Depth below surface. In Temperature, Deg Fahr 

0 23.2 

3 23.5 

21 30.0 

42 39.4 

72 44.0 


Average 


32.0 


®A.S.H.V.E. Research Paper — Heat Loss Through Basement Walls and Floors, by F. C. Houghten, 
S. I Taimuty, Carl Gutberlet and C J Brown (A S H.V.E. Transactions, Vol. 48, 1942, p. 309). 
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given off by the heating plant will increase the basement temperature. 
In any case, the exact basement temperature is likely to be a somewhat 
indeterminate quantity, if the basement is not heated. Since the base- 
ment temperature will generally be lower than that of the rooms above, 
an allowance should theoretically be made for the loss from the rooms 
above through the floor over the basement. 

Heated Basements 

If the basement is heated and a specified temperature is to be main- 
tained, the heat loss should be estimated in the usual manner, based on 
the proper wall and floor coefficients (see Chapter 4) and the outside air 
and the ground temperatures. Heat losses through windows and walls 
above grade should be based on outside temperatures and the proper air- 
to-air coefficients. Heat losses through basement walls below grade 
should be based on the floor and wall coefficients for surfaces in contact 
with the soil and on the proper ground temperature. 

HEAT LOSSES THROUGH CEILINGS AND ROOFS 

The transmission heat loss through top floor ceilings, attics and roofs 
may be estimated by either of two methods: 

1. By substituting in Equation 1 the ceiling area (i4), the inside-outside temperature 
difference {t — to) and the proper value of (£7): 

a. Flat roofs* Select the coefficient of transmission of the ceiling and roof from 
Table 14, Chapter 4. 

b. Pitched roofs. Select the combined roof and ceiling coefficient from Table 16, 
Chapter 4 or calculate the combined roof and ceiling coefficient by means of 
Equation 4, Chapter 4, where this formula is applicable as explained in Chapter 4. 

2. By estimating the attic temperature (based on the inside and outside design tem- 
perature) by means of Equation 4, and substituting for to in Equation 1, the value of 

thus obtained, together with the ceiling area (^) and the ceiling coefficient (£/). This 
applies to pitched roofs. In the case of flat roofs it is not necessary to calculate the attic 
temperatures as the ceiling-roof heat loss can be determined as per paragraph la. 

SELECTION OF WIND VELOCITIES 

The effect of wind on the heating requirements of any building should 
be given consideration under two heads; 

1. Wind movement increases the heat transmission of walls, glass, and roof, affecting 
poor walls to a much greater extent than good walls. 

2. Wind movement materially increases the infiltration (inleakage) of cold air through 
the cracks around doors and windows, and even through the building materials them- 
selves, if such materials are at all porous. 

Theoretically as a basis for design, the most unfavorable combination 
of temperature and wind velocity should be chosen. It is entirely possible 
that a building might require more heat on a windy day with a moderately 
low outside temperature than on a quiet day with a much lower outside 
temperature. However, the combination of wind and temperature which 
is the worst would differ with different buildings, because wind velocity 
has a greater effect on buildings which have relatively high infiltration 
losses. It would be possible to work out the heating load for a building 
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for several different combinations of temperature and wind velocity which 
records show to have occurred and to select the worst combination; but 
designers generally do not feel that such a degree of refinement is justified. 

It has been the practice for many years in estimating air leakage by 
the crack method to use the average wind vdocity during the months of 
December, January and February. Although this practice is still followed 
by some engineers, data are not as yet available to substantiate this 
assumption. This average wind velocity may not necessarily correspond 
with that occurring during periods when the outside design temperature 
prevails, the latter being not an average but rather a near extreme, that 
is, a specified number of degrees above the lowest temperature recorded 
in the locality involved. Therefore instead of using the aforementioned 
average wind velocity, it is the practice of some designers to use in all 
cases a wind velocity of 15 mph together with the proper design tem- 
perature. Although a 15 mph wind velocity is higher than the general 
average wind velocity during December, January and February in various 
United States cities, this and higher wind velocities frequently occur 
during periods of outside temperature corresponding to the design tem- 
perature. Because of the unpredictable and intangible nature of this 
variable there appears to be ample justification for this assumption. It 
should be added that this wind velocity also corresponds with that on 
which the heat loss coefficients in Chapter 4 are based, although the 
effect of variations in wind velocity on the infiltration losses is generally 
much greater than the effect of wind velocity on the heat loss by trans- 
mission through walls, except in the case of single pane windows or other 
materials and constructions having a high rate of heat transfer. There- 
fore, pending further investigation of this subject, either the average 
during December, January and February or a 15 mph wind velocity may 
be used at the discretion of the designer, the actual wind velocity used 
however to be specified in each case. Where the air change method is 
used for estimating infiltration, losses, the wind velocity is not considered. 

Exposure Factors: Many designers use empirical exposure factors to 
increase the calculated heat loss of rooms or spaces on the side or sides of 
the building exposed to the prevailing winds. However, according to a 
survey made in 1943, many Guide users have found that the use of 
exposure factors is not necessary as the Guide method of calculating heat 
losses provides an ample heat loss allowance. Therefore exposure factors 
may be regarded as ‘‘factors of safety’’ for the rooms or spaces exposed 
to the prevailing winds, to allow for additional capacity for these rooms 
or spaces, or to “balance the radiation,” particularly in the case of multi- 
story buildings. Although the exposure allowance is frequently assumed 
to be 15 per cent, the actual allowance to be made, if any, must to a 
large extent be a matter of experience and judgment of the designer, since 
there are at present no authentic test data available from which rules 
could be developed for the many conditions encountered in practice. 

As stated previously, the value of U in the tables of Chapter 4 are based 
on a wind velocity of 15 mph and the surface resistance for this wind 
velocity (0.17) is sufficiently low that higher wind velocities will decrease 
the surface resistance to a negligible degree and therefore have only a 
slight effect on the average overall coefficient. On the other hand, in- 
filtration losses vary almost directly as the wind velocity as will be 
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apparent from the factors in Table 2 of Chapter 5. The more exact 
method therefore would be to differentiate among the various exposures 
more accurately by calculating the infiltration and transmission losses 
separately for the different sides of the building, using different assumed 
wind velocities for the infiltration losses on the various sides of the 
building. 

AUXmiARY HEAT SOURCES 

The heat supplied by persons, lights, motors and machinery should 
always be ascertained in the case of theaters, assembly halls, and in- 
dustrial plants, but allowances for such heat sources must be made only 
after careful consideration of all local conditions. In many cases, these 
heat sources should not be allowed to affect the size of the installation at 
all, although they may have a marked effect on the operation and con- 
trol of the system. In general, it is safe to say that where audiences are 
involved, the heating installation must have sufficient capacity to bring 
the building up to the stipulated inside temperature before the audience 
arrives. In industrial plants, quite a different condition exists, and heat 
sources, if they are always available during the period of human occu- 
pancy, may be substituted for a portion of the heating installation. In 
no case should the actual heating installation (exclusive of heat sources) 
be reduced below that required to maintain at least 40 F in the building. 


Electric Motors and Machinery 

Motors and the machinery which they drive, if both are located in the 
room, convert all of the electrical energy supplied into heat, which is 
retained in the room if the product being manufactured is not removed 
until its temperature is the same as the room temperature. 

If power is transmitted to the machinery from the outside, then only 
the heat equivalent of the brake horsepower supplied is used. In the 
^ ^ , - Motor horsepower . ^ , 

first case the Btu supplied per hour = Efficiency of mo tor ^ 

in the second case Btu per hour = bhp X 2546, in which 2546 is the 
Btu equivalent of 1 hp-hr. In some mills this is the chief source of 
heating and it is frequently sufficient to overheat the building even in 
zero weather, thus requiring cooling by ventilation the year round. 

The heat (in Btu per hour) from electric lamps is obtained by multi- 
plying the watts per lamp by the number of lamps and by 3.413. One 
cubic foot of producer gas gives off about 150 Btu per hour; one cubic 
foot of manufactured gas about 535 Btu per hour; and one cubic foot of 
natural gas about 1000 Btu per hour. A Welsbach burner averages 
3 cu ft of gas per hour and a fish-tail burner, 5 cu ft per hour. For 
information concerning the heat supplied by persons, refer to data given 
in Chapter 2. 

GENERAL PROCEDURE 


The eight steps required for calculating heat losses of a structure are: 

1. Determine on an outside air temperature for design purposes, based on the mini- 
mum temperatures recorded in the locality in question, which will provide for all but the 
most severe weather conditions. Such conditions as may exist for only a few consecu- 
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tive hours are readily taken care of by the heat capacity of the building itself. (See 
Fig. 1). 

2. Determine on the inside air temperature, at the 60-in. breathing line or the 30-in. 
line, which is to be maintained in the building during the coldest weather. (See Table 1). 

3. Estimate temperatures in adjacent unheated spaces and the attic. The attic 
temperature need not be estimated if the combined roof and ceiling coefficient is used. 

4. Select or compute the heat transmission coefficients for outside walls and glass; 
also for inside walls, floors, or top-floor ceilings, if these are next to unheated space; 
include roof if next to heated space. (See Chapter 4). 

5. Measure amount of net outside wall, glass and roof next to heated spaces, as well 
as any cold walls, floors or ceilings next to unheated space. Such measurements are 
made from building plans, or from the actual building, using inside dimensions. 

6. Compute the heat transmission losses for each kind of wall, glass, floor, ceiling 
and roof in the building by multiplying the heat transmission coefficient in each case 
by the area of the surface in square feet and the temperature difference between the 
inside and outside air. (See Items 1, 2, and 3). 

7. Select unit values and compute the heat equivalent of the infiltration of cold air 
taking place around outside doors and windows. These unit values depend on the kind or 
width of crack and wind velocity, and when multiplied by the length of crack and the 
temperature difference between the inside and outside air, the result expresses the heat 
required to warm up the cold air leaking into the building per hour. (See Chapter 5). 

8. The sum of the heat losses by transmission (Item 6) through the outside wall and 
glass, as well as through any cold floors, ceilings or roof, plus the heat equivalent (Item 7) 
of the cold air entering by infiltration represents the total heat loss equivalent for any 
building. 


INTERMITTENTLY HEATED BUILDINGS 

Item 8 represents the heat losses after the building is heated and under 
stable operating conditions in coldest weather. In the case of intermit- 
tently heated buildings additional heat is required for raising the tem- 
perature of the air, the building materials and the material contents of 
the building to the specified inside temperature. The rate at which this 
additional heat must be supplied depends upon the heat capacity of the 
structure and its material contents and upon the time in which these are 
to be heated®. 

This additional heat may be figured and allowed for as conditions re- 
quire, but inasmuch as the heating system proportioned for taking care 
of the heat losses will usually have a capacity about 100 per cent greater 
than that required for average winter weather, and inasmuch as most 
buildings may either be continuously heated or have more time allowed 
for heating-up during the few minimum temperature days, no allowance 
is usually made except in the size of boilers or furnaces. For churches, 
auditoriums iand other intermittently heated buildings, additional capacity 
should be provided. 

RESIDENCE HEAT LOSS PROBLEMS 

Example 5. Calculate the heat loss of residence shown in Fig. 2 located in the 
vicinity of Chicago. Assume inside and outside design temperatures to be 70 F and 
■— 10 F respectively. The attic is unheated. Assume ground temperature to be 50 _F 


•Heat Requirement Tables for Intermittently Heated Buildings, {Engineering Experiment Station 
Bulletin, No. 60, A. and M. College of Texas, College Station, Texas), contains a set of tables applicable to 
either intermittent heating or cooling. Further information may be found in a paper, A Method of Com- 
piling Tables for Intermittent Heating, by Elmer G. Smith (A.S.H.V.E. Journal Section, Heating, Piping 
and Air Conditioning, June, 1942, p 386). 
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Fig, 2. Elevations and Floor Plans of Residence 
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Table 4. Heat Loss Calculation Sheet for Uninsulated Residence 

(Fig. 2) 


A 

B 

C 

D 

E 

F 

G 

Room oe Space 

Paet of SrEtTcniB]] 

Net Area or 
Crack Length 

CoEPn- 

CIENT 

Temp. 

DlPP.a 

Heat Loss 
(B tu per hour) 

Totals 
(B tu per hour) 

Bedroom A 

Walls 

Glass 

Infiltration 

Ceiling<l 

238 sq ft 

40 sq ft 

36 lin it^ 
242 sq ft 

0.28 

0.45 

0.35c 

0.69 

80 

80 

80 

39.8 

5330 

1440 

1010 

6660 

14,440 

Bedroom B 
and Closet 

Walls 

Glass 

Infiltration 

Ceilingtl 

156 sq ft 

40 sq ft 

36 lin fte 
160 sq ft 

0.28 

0.45 

0.35 

0.69 

80 

80 

80 

39.8 

3490 

1440 

1010 

4400 

10,340 

Bedroom C 

Walls 

Glass 

Infiltration 

Ceiling^ 

114 sq ft 

27 sq ft 

18 lin ft^ 
120 sq ft 

0.28 

0.45 

0.35 

0.69 

80 

80 

80 

39.8 

2560 

970 

500 

3300 

7,330 

Bedroom D 
and Closet 

Walls 

Glass 

Infiltration 

Ceiling^ 

Floor over Garage 

118 sq ft 

20 sq ft 

18 lin ft 
120 sq ft 
110 sq ft 

0.28 

0.45 

0.35 

0.69 

0.25 

80 

80 

80 

39.8 

35 s 

2650 

720 

500 

3300 

960“ 

8,130 

Bathroom 1 

Walls 

Glass 

Infiltration 

Ceiling^ 

30 sq ft 

14 sq ft 

18 lin ft 

55 sq ft 

0.28 

0.45 

0.35 

0.69 

80 

80 

80 

39.8 

670 

500 

500 

1510 

3,180 

Bathroom 2 

Walls 

Glass 

Infiltration 

Ceiling^ 

Floor over Garage 

79 sq ft 

9 sq ft 

15 lin ft 

35 sq ft 

35 sq ft 

0.26 

0.45 

0.35 

0.69 

0.25 

80 

80 

80 

39.8 

35 

1770 

320 

420 

960 

310“ 

3,780 

Living 

Room 

Walls 

Walls (adjoining garage) 
Glass 

Infiltration 

267 sq ft 

94 sq ft 

50 sq ft 

40 lin ft 

0.28 

0 . 391 ^ 

0.45 

0.35 

80 

35 

80 

80 

5980 

1280“ 

1800 

1120 

10,180 

Dining 

Room 

Walls 

Glass (doors) 

Glass (window) 
Infiltration^ 

166 sq ft 

35 sq ft 

20 sq ft 

31 lin ft 

0.28 

1.13 

0.46 

0.35 

80 

80 

80 

80 

3720 

3160 

720 

870 

8,470 

Kitchen and 
Entrance 
to Garage 

Walls (outside) 

Walls (adjoining garage) 
Infiltration 

Glass 

Door to garage 

96 sq ft 

51 sq ft 

27 lin ft 

18 sq ft 

17 sq ft 

0.28 

0.39^ 

0.35 

0.45 

0.51 

80 

35 

80 

80 

35 

2150 

700“ 

760 

650 

300“ 

4,560 

Lavette and 
Vestibule 

Walls (outside) 

Walls (adjoining garage) 
Door 

Glass 

Infiltration 

82 sq ft 

85 sq ft 

19 sq ft 

9 sq ft 

19 lin ft 

0.28 

0.51 

0.45 

0.35 

80 

35 

80 

80 

80 

1840 

1160“ 

780 

320 

630 

4,630 


142 


















CHAPTER 6. HEATING LOAD 


Table 4. Heat Loss Calculation Sheet for Uninsulated Residence 
(Fig. 2) (Concluded) 


A 

B 

c 

D 

E 

F 

G 

Roou oa Space 

Paht op Sthucture 

Net Area, or 
Ceacs Length 

COBPPI- 

CIENT 

Temp. 

DiPP.a 

Heat Loss 
(B tu per hour) 

Totals 
(Btu per hour) 


Walls 

39 sq ft 

0.28 

80 

870 


Entrance 

Door 

21 sq ft 

0.38 

80 

640 


Hall 

Infiltration 

20 lin ft 

0.35 

80 

560 



Ceiling^* p 

87 sq ft 

0.69 

39.8 

2490 

4,560 


Walls 

167sqft 

0.28 

45 

2110 



Glass 

53 sq ft 

1.L3 

45 

2700 


Garage 

Doors 

44 sq ft 

0.51 

45 

1010 


Infiltration 

37 lin ft 

1.625 

45 

2700 



Floor (heat gain) 

185 sq ft 

0.10k 

-15k 

-280 



Heat gain 




-4710«i 

3,530 


Floor 

287 sq ft 

0.10 

20 

570 


Recreation 

Walls 

220 sq ft 

0.10 

38 

840 


Room^ 

Glass 

8 sq ft 

1.13 

80 

720 



Infiltration 

8 lin ft 

0.76 

80 

490 

2,620 

Total 






85,750 


^The inside-outside temperature difference is 70 — (—10) or 80 F, except where otherwise noted. 

bOnly the south windows are used for arriving at the window crack for this room, on the assumption 
that whatever air enters through the south window cracks will leave through the west window cracks 
or dsewhere. 

«Double-hung wood windows with storm sash are assumed to have the same leakage per foot of c^ck 
as weatherstripped windows. The air leakage per foot of crack is about 19.5 cu ft per foot of crack for a 
wind velocity of 12.5 mph. (See Table 2, Chapter 6 ) The heat equivalent of the air leakage per hour per 
degree temperature difference per foot of crack is obtained by multiplying this value by 0 018, or 19.5 X 
0.018 - 0.36. 

din this problem the ceiling heat losses are calculated by estimating the attic temperature and then 
calci^ting the loss trough the ceiling using the proper temperature difference This unheated attic is n<J 
ventilat^ during the winter months. The attic temperature is estimated from Equation 4 to be 30.2 F 
when the outside temperature is — 10 F and the room temperature is 70 F. The temperature difference is 
therefore 70 — 30.2 or 39,8 F. 

eThe window crack in the west wall having two windows is used. 

fOne-half the total crack is used in these rooms. 

gTemperature in garage assumed to be 35 F. 

hCoefiSdent for wall adjoining garage calculated on basis of metal lath and plaster on both sides of 
studs. (17 *« 0.39 ) 

iThe door crack is used for estimating the infiltration in this room and as the French doors are weather- 
stripped the infiltration coefficient is assumed to be the same as in Note b. 

JThe leakage for the garage doors is assumed to be twice that for poorly-fitted double-hung wood windows 
or about 90 cu ft per foot of crack for a wind velocity of 12.5 mph. The infiltration coefficient is therefore 
0.018 X 90 or 1.62. 

kXhe ground temperature is assumed to be 60 F and, as the garage temperature is 35 F, the heat traMfer 
will be from the ground to the garage, and this heat gain should therefore be subtracted from the heat loss. 

mThe heat losses from various rooms into the garage are heat gains for the garage. 

nHeat is to be provided for the recreation room and this space Is therefore figured on the basis of a 70 F 
temperature. Heat loss into the basement from recreation room is neglected, the calculations being based 
only on losses through the outside walls, g^ass and fioor. 

pThe upstairs hall ceiling is included with the downstairs entrance hall because these are connected by 
means of the stairway. The heat should be provided downstairs. 
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under basement and garage floors and 32 F adjoining basement walls. Estimate in- 
filtration by crack method, assuming average wind velocity to be 12.5 mph during 
December, January and February. No wall, ceiling or roof insulation is to be figured in 
this problem, but all first and second floor windows are to have storm sash. The building 
is constructed as follows (transmission coefficients ( U) in parentheses) : 

Walls: Brick veneer, building paper, wood sheathing, studding, metal lath and plaster 
(0.28). Walls of dormer over garage, same except wood siding in place of brick veneer 
(0.26). . 

Attic Walls: Brick veneer, building paper, wood sheathing on studding (0.42). 

Basement Walls: 10 in. concrete (0.10). 

Roof: Asphalt shingles on wood sheathing on rafters (0.53). 

CeiUng {Second floor): Metal lath and plaster (0.69). 

Windows: Double-hung wood windows with storm sash (0.45). Steel casement sash 
in basement (1.13). 

Floor {Bedroom D)i Maple finish flooring on yellow pine sub-flooring; metal lath 
and plaster ceiling below (0.25). 

Floor {Basement and Garage): 4 in. stone concrete on 3 in. cinder concrete (0.10). 

Solution: The calculations for this problem are given in Table 4, and a summary 
of the results in Table 5. The values in column F of Table 4 were obtained by multiplying 
together the figures in columns C, D and E. The heat losses are calculated to the nearest 
10 Btu. See reference notes for Table 4 for further explanation of data. 


Table 5. Summary of Heat Losses of Uninsulated Residence 
Heat losses given in Btu per hour 


Room ob Spacb 

Walls 

Obiling Ain) Roof 

Flook 

Glass and Door 

Info/tration 

Totals 

Bedroom A 

5330 

6660 


1440 

1010 

14,440 

Bedroom B 


4400 


1440 

1010 

10,340 

Bedroom C 


3300 


970 

500 

7,330 

Bedroom D 


3300 

960 

720 

500 

8,130 

Bathroom 1 


1510 


500 

500 

3,180 

Bathroom 2 


960 

310 

320 

420 

3,780 

Living Room 





1800 

1120 

10,180 

Dining Room 




3880 

870 

8,470 

Kitchen 



. 

950 

760 

4,560 

Lavette 




1100 1 

530 

4,630 

Entrance Hall 


2490 


640 

560 

4,560 

Garage 




-1560b 

3410 

2700 

3,630 

Recreation , 


— 

570 

720 

490 

2,620 

Totals 

33,980 

22,620 

290 

17,890 

10,970 

85,750 

Percentages 

39.6 

26.4 

0.3 

20.9 

12.8 

100.0 


“Wall heat loss of 2110 Btu minus wall heat gain of 3140 Btu. 
bHeat gains; 960, 310 and 280 Btu. 


Attention is called to the summary of heat losses (Table 5) of the uninsulated residence 
(Fig, 2). As storm windows are used in this instance the glass and door trans- 
mission heat losses of 20.9 per cent are relatively small. The infiltration losses (12.8 
per cent) are also comparatively small in this case because the storm windows serve 
substantially the same purpose as weatherstripping. In this problem, the wall, ceiling 
and floor transmission losses comprise 66.3 per cent of the total. If the building is 
insulated, the relative heat loss percentages will materially change, (i^e Example 6 
and Table 6.) 

Example 6. Calculate the heat loss of residence shown in Fig. 2 based on the 
same conditions as in Example 6 but insulated throughout as shown on the following 
page (coefficients in parentheses). 
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Walls: Brick veneer, 2^2 in. insulation board sheathing, studding, 1 in. insulation 
board lath and plaster (0.13). Walls of dormer over garage same except wood siding 
in place of brick veneer (0.12). 

Attic Walls: Brick veneer, ^^2 in. insulation board sheathing on studding (0.28). 

Walls Adjoining Garage: Plaster on 1 in. insulation board, studding, metal lath and 
plaster (0.18). 

Basement Walls (^Recreation Room): 10 in. concrete (0.10). 

Roof: Asphalt shingles on wood sheathing on rafters (0.53). 

Ceiling (Second floor): 1 in. insulation board and plaster; 3^ in. insulation board on 
top of ceiling joists (0.15). 

Windows: Same as Example 5. 

Floor (Bedroom D) Maple finish flooring on yellow pine sub-flooring; 34 in. insulation 
board and plaster ceiling below (0.18). 

Solution: The procedure for calculating the heat losses is similar to that for Example 
5. A summary of the results is given in Table 6. 


Table 6. Summary of Heat Losses of Insulated Residence 
Heat losses given in Btu per hour 


Room or Space 

Walls 

Ceiling and Roop 

Floor 

Glass and Door 

Infiltration 

Totals 

Bedroom A 


2370 


1440 

1010 

7,490 

Bedroom B 

1750 

1570 

mmmrnmmmm 

1440 

1010 

5,770 

Bedroom C 

1280 

1170 


970 

500 

3,920 

Bedroom D 

1320 

1170 

690 

720 

500 

4,400 

Bathroom 1 

340 

540 


500 

500 

1,880 

Bathroom 2 

820 

340 

220 

320 

420 

2,120 

Living Room 

3580 

........ 

, . ^ 

1800 

1120 

6,500 

Dining Room 

1860 

........ 


3880 

870 

6,610 

Kitchen 

1400 


.... ,, 

950 

760 

3,110 

Lavette 

1460 




1100 

530 

3,090 

Entrance Hall 

440 

850 


640 

560 

2,490 

Garage ^ 

-400a 

_ 

-1190b 

3410 

2700 

4,520 

Recreation 

840 


570 

720 

490 

2,620 

Totals 

17,360 

8,010 

290 

17,890 

10,970 

54,520 

Percentages 

31.9 

14.7 

0.5 

32.8 

20.1 



aWall heat loss of 1050 Btu minus wall heat gains of 590, 320 and 540 Btu 
hHeat gains; 690, 220 and 280 Btu. 

















CHAPTER 7 



Design Outside Temperatures, Components of Heat Gain, 

Normal Heat Transmission, Solar Heat Transmission, Solar 
Radiation Through Glass, Heat Introduced by Outside Air, 

Heat Emission of Appliances 

L oad calculations for summer air conditioning are more complicated 
than heating load calculations because there are more factors to 
be considered. Due to the variable nature of some of the contributing 
load components and the fact that they do not necessarily impose their 
maximum effect simultaneously, considerable care must be used in 
determining their phase relationship so that equipment of proper capacity 
may be selected to maintain specified indoor conditions. 

The conditions to be maintained in an enclosure are variable and 
depend upon several factors, especially the outside design conditions, 
duration of occupancy and relationship between air motion, dry-bulb and 
wet-bulb temperatures. Information concerning the proper indoor 
effective temperature to be maintained is given in Chapter 2, for different 
geographical locations and for various age groups of individuals. 

Summer dry-bulb and wet-bulb temperatures of various cities are 
given in Table 1. The temperatures are not the maximums but the 
design temperatures which should be used in air conditioning calcu- 
lations. The maximum outside wet-bulb temperatures as given in 
Weather Bureau reports usually occur only from 1 to 4 per cent of the 
time, and they are therefore of such short duration that it is not practical 
to design a cooling system for them. The temperatures shown in Table 1 
are based on available design conditions known to be successfully applied. 

COMPONENTS OF HEAT GAIN 

A cooling load determination is composed of five components which 
are classified in the following manner: 

1, Normal heat transfer through windows, walls, partitions, doors, floors, ceilings, etc. 

2. Transfer of solar radiation through windows, walls, doors, skylights, or roof. 

3. Heat emission of occupants within enclosures. 

4. Heat introduced by infiltration of outside air or controlled ventilation. 

5. Heat emission of mechanical, chemical, gas, steam, hot water and electrical 
appliances located within enclosures. 
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Table 1. Design Dry- and Wet-Bulb Temperatures, Wind Velocities, and 
Wind Directions for June, July, August, and September 


State 

CiTT 

Dbsigit 

Dey-Btob 

Design 

Wet-Bulb 

Summer Wind 
Velocitt 
I vIPH 

Fbevaiunq 
Summer Wind 
Direction 

Ala ___ 

Birmingham . 

95 

78 

5.2 

s 


Mobile. 

95 

80 

8.6 

SW 

Ariz. 

Phoenix 

105 

76 

6.0 

W 

Art. 

Litl:le Rook 

95 

78 

7.0 

NE 

Talif- 

Los Ancrelea 

90 

70 

6.0 

SW 


San Franoifioo 

90 

65 

11.0 

SW 

Colo 

Denver 

95 

64 

6.8 

s 

Cnnn.- 

New Haven 

95 

75 

7.3 

s 

Df^l. __ 

Wilmington 

95 

78 

9.7 

SW 

D. C 

Washington 

95 

78 

6.2 

s 

Fla. 

Jaoksonville __ _ . 

95 

78 

8.7 

SW 


Tampa 

94 

79 

7.0 

E 

r,a. 

Atlanta . .. 

95 

76 

7.3 

NW 


Savannah 

95 . 

78 

7.8 

SW 

Idaho..... 

Boise 

95 

65 

5.8 

NW 

Til 

Chicago 

95 

75 

10.2 

NE 


Peoria.- 

95 

1 76 

8.2 

S 

Ind 

Indianapolis. 

95 

1 76 

9.0 

SW 

Tnwa 

Des Moines 

95 

77 

6.6 

SW 

Kansas 

Wirhita . 

100 

75 

11.0 

s 

Ky 

T^iiisville 

95 

76 

8.0 

SW 

New Orleans _ 

95 

79 

7.0 

SW 


Shreveport- 

100 

78 

6.2 

s 

Maine... 

Portland.—.-, 

90 

73 

7.3 

s 

MH. 

Baltimore - 

95 

78 

6.9 

SW 

Mass... 

Boston 

92 

75 

9.2 

SW 

Mich..^ 

Detroit - 

95 

75 

10.3 

SW 

Minn... ..... 

Minneapolis 

95 

75 

8.4 

SE 

Miss.. 

Vicksburg 

95 

78 

6.2 

SW 


Kansas City. 

100 

76 

9.5 

s 


St- - _ 

95 

78 

9.4 

SW 

MoTif,.,.. , 

Helena 

95 

67 

7.3 

SW 

Nebr. 

T-inooln __ 

95 

75 

9.3 

s 

Nev.. ,J 

Reno _ 

95 

65 

7.4 

• W 

N FT 

Manchester,, , 

90 

73 

5.6 

NW 

N. J 

Trenton __ - 

95 

78 

10.0 

SW 

N. Y 

Albany . 

92 

75 

7.1 

s 


Bi^ffalo 

93 

75 

12.2 

SW 


Npw Vork . 

95 ■ 

75 

12.9 

SW 

N. M. 

Santa Fe 

90 

65 

6.5 

SE 

N. C 

Asheville. 

90 

75 

5.6 

SE 


Wilmington 

95 

79 

7.8 

SW 

N. Dak 

Bismarrk _ . 

95 

73 

8.8 

NW 

Ohio..... 

Cincinnati.. 

95 

78 

6.6 

SW 


OlpvelanH , 

95 

75 

9.9 

s 

Okla 

Oklahoma City . 

101 

76 

10.1 

s 

Ore.— 

Portland _ 

90 

66 

6.6 

NW 

Pa 

Philadelphia 

95 

78 

9.7 

SW 


Pittsburgh 

95 

75 

9.0 

NW 

R. I 

Providence _ _ _ __ 

93 

75 

10.0 

NW 

<; r 

Charleston.,.......-,,- ,,, 

95 

80 

9.9 

SW 


Oreenville 

95 

76 

6.8 

NE 

S. Dak....- 

Sionx Falls . ___ 

95 

75 

7.6 

S 

Tenn.„..— .-... 

Chattanooga _ 

95 

77 

6.5 

SW 


Memphis.... - - - 

95 

78 

7.5 

SW 





(^continued on i48) 
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Table 1. Design Dry- and Wet-Bulb Temperatures, Wind Velocities, and 
Wind Directions for June, July, August, and September (Concluded) 


State 

Cett 

Design 

DRY-BmiB 

Design 

Wet-Bulb 

Summer Wind 
Vblocety 
MPH 

Preyailing 
Summer Wind 
Direction 

Texas 

Dallas 

100 

78 

9.4 

s 


El Paso 

100 

69 

6.9 

E 


Galveston 

95 

80 

9.7 

S 


Houston 

95 

78 

7.7 

S 


San Antonio 

100 

78 

7.4 

SE 

TTtah 

Salt Lake City 

92 

63 

8.2 

SE 

Vt. 

'Rnrlingtnn . . 

90 

73 

8.9 

S 

Vfl. 

Norfolk 

95 

78 

10.9 

S 


Richmond 

95 

78 

6.2 

SW 

Wjisli. 


85 

65 

7.9 

S 


Spokane 

90 

65 

6.5 

SW 

W. Va. 

Parlrp.rshiirgf- _ 

95 

76 

5.3 

SE 

Wis. . 

Madison _ _ 

95 

75 

8.1 

SW 


Milwaukee. 

95 

75 

10.4 

S 

Wyo..„. 

Cheyenne. 

95 

65 

9.2 

S 


The components of heat gain, classified by source, are further classified 
as sensible and latent heat gain. 

The first two components fall into the classification of sensible heat 
gain, that is, they tend to raise the temperature of the air within the 
structure. The last three components not only produce sensible heat 
gain but they may also tend to increase the moisture content of the air 
within the structure. 

Normal Heat Transmission 

By normal heat transmission, as distinguished from solar heat trans- 
mission, is meant the transmission of heat through windows, walls, 
partitions, etc. from without to interior of enclosure by virtue of difference 
between outside and inside air temperatures. This load is calculated in a 
manner similar to that described in Chapter 6 (except that flow of heat 
is reversed) by means of the formula: 

Ht^AU{to-t) ( 1 ) 

where 

Ht — heat transmitted through the material of wall, glass, floor, etc., Btu per hour. 
A = net inside area of wall, glass, floor, etc., square feet. 
t = inside temperature, degrees Fahrenheit. 
to = outside temperature, degrees Fahrenheit. 

U = coefflcient of transmission of wall, glass, floor, etc., Btu per hour per square foot 
per degree Fahrenheit difference in temperature (Tables 3 to 13, Chapter 4). 

Solar Heat Transmission 

Calculations of the solar heat transmitted through walls and roofs 
are difficult to determine because of periodic character of heat flow and 
time lag due to heat capacity of construction. 
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Table 2. Solar Radiation (Direct plus Sky) Impinging Against Walls Having 
Several Orientations and a Horizontal Surface 

For SO Deg North Latitude on August 1 


Intensity of Solar Radiation, Btu per Sq Ft per Hour 


Time 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 

Surface 

5:20 

0 i 

0 

0 

0 

0 

0 

0 

0 

6:00 

37 

47 

23 

4.6 

4.5 

4.5 

4.5 

11 

7:00 

119 

145 

91 

11 

11 

11 

11 

64 

8:00 

153 

207 

149 

17 

17 

17 

17 

147 

9K)0 

130 

194 

158 

35 

21 

21 

21 

213 

10:00 

86 

152 

143 

63 

23.5 

23.5 

23.5 

262 

11:00 

35 

94 

85 

80 

25.5 

25.5 

25.5 1 

290 

12:00 

26 

26 

65 

85 

65 

26 

26 

300 

1:00 

25.5 

25.5 

25.6 

80 

85 

94 

35 

290 

2:00 

23.5 

23.5 1 

23.5 1 

63 

143 

152 

86 

262 

3:00 

21 

21 

21 

35 

158 

194 

130 

213 

4:00 

17 

17 

17 

17 

149 

207 

153 

147 

5:00 

11 

11 

11 

11 

91 

145 

119 

64 

6:00 

4.5 

4.5 

4.5 

4.5 

23 

47 

37 

11 

6:40 

0 I 

0 

0 

0 

0 

0 

0 1 

0 


Table 3. Solar Radiation (Direct plus Sky) Impinging Against Walls Having 
Several Orientations and a Horizontal Surface 

For S5 Deg North Latitude on August 1 


Intensity of Solar Radiation, Btu per Sq Ft per Hour 


Sun 


Time 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 

Surface 

5:07 


0 

0 

0 

0 

0 

0 

0 

6:00 

43 

49 

27 

i 4.5 

4.5 

4.5 

4.5 

13 

7:00 

' 121 

151 

97 

11 

11 

11 

11 

72 

8:00 

147 

207 

155 

25 

17 

17 

17 

151 

9:00 

120 

194 

169 

49 

21 

21 

21 

213 

10:00 

71 

152 

156 

83 

23.5 

23.5 

23.5 

245 

11:00 

28 

94 

129 

103 

25.5 

25.5 

25.5 

288 

12:00 

26 

26 

84 

109 

84 

26 

26 

298 

1:00 

25.5 

25.5 

25.5 

103 

129 

94 

28 

288 

2:00 

23.5 

23.5 

23.5 

83 

156 i 

152 

71 

245 

3:00 

21 

21 

21 

49 

169 

194 

120 

213 

4:00 

17 

17 

17 

1 

25 

165 

207 

147 

151 

5:00 

11 

11 

11 

11 

97 

151 

121 

72 

6:00 

4.5 

4.5 

4.5 

4.5 

27 

49 

43 

13 

6:53 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 4. Solar Radiation (Direct plus Sky) Impinging Against Walls Having 
Several Orientations and a Horizontal Surface 
For 40 Deg North Latitude on August 1 

Intensity of Solar Radiation, Btu per Sq Ft per Hour 


Sun 


Time 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 

Surface 

4:50 

0 

0 

0 

0 

0 

0 

0 

0 

5:00 

5 

6 

4 

2.5 

2.5 

25 

2.5 

5 

6:00 

49 

56 

32 

4.5 

4.5 

45 

4.5 

20 

7:00 

123 

162 

109 

11 

11 

11 

11 

85 

8:00 

137 

211 

166 

29 

17 

17 

17 

160 

9:00 

102 

195 

181 

74 

21 

21 

21 

212 

10:00 

54 

152 

171 

103 

23.5 

23.5 

23.5 

244 

11:00 

28 

94 

144 

124 

41 

25.5 

25.5 

281 

12:00 

26 

26 

98 

128 

98 

26 

26 

290 

1:00 

25.5 

25.5 

41 

124 

144 

94 

28 

281 

2:00 

23.5 

23.5 

23.5 

103 

171 

152 

54 

244 

3:00 

21 

21 

21 

74 

181 

195 

102 

212 

4:00 

17 

17 

17 

29 

166 

211 

137 

160 

5:00 

11 

11 

11 

11 

109 

162 

123 

85 

6:00 

4.5 

4.5 

4.5 

4.5 

32 

56 

49 

20 

7:00 

2.5 

2.5 

2.5 

2.5 

4 

6 

5 

5 

7:10 

0 

0 

0 

0 

0 

0 

0 

0 


Table 5. Solar Radiation (Direct plus Sky) Impinging Against Walls Having 
Several Orientations and a Horizontal Surface 
For 4F Deg North Latitude on August 1 
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^ The variation in radiation intensity on differently oriented surfaces is 
given in Fig. 1, and in Tables 2, 3, 4 and 5. The greater part of the radi- 
ation intensity is always direct radiation from the sun. However, during 
the time when the sun is shining, any surface receives radiation of a 
lower intensity_ coming from all parts of the sky due to reflection and 
refraction. This scattered radiation intensity was found to vary from a 
very low value to values as high as 20 per cent of the total radiation 
observed on certain days in Pittsburgh. The curves and tables are for 
combined direct solar and scattered sky radiation, and are given to 
represent expected design radiation intensity for August 1. They were 
prepared by the A.S.H.V.E. Laboratory from data^ obtained by pyrhelio- 
meter observations. 

A s^dy of these curves discloses the periodic relationship and wide 
variation in solar intensity on various surfaces. It will be observed that 



Fig. 1. Solar Intensity Normal to Sun on Horizontal Surface and on Walls 
FOR August 1 at 40 Deg North Latitude 

both the roof (horizontal surface) and south wall radiation curves are in 
exact phase relationship with each other, while those for the east and 
west walls overlap each other due to scattered sky radiation on the west 
wall during the forenoon and on the east wall during the afternoon. 
This phase relationship has an important bearing on tiie cooling load. 
Failure to consider tibe periodic character of heat flow resulting from 
diurnal movement of the sun and the lag due to heat capacity of the 
structure, which determine the timing and magnitude of the heat wave 
flowing through the wall, may result in a large error in load calculations. 

The values of solar intensity appearing in Fig. 1 must not be confused 
with the actual heat transmission through the wall for much of the solar 
radiation impinging against the outer surface fails to pass through the 
wall. Instead it is delivered to the outside air by reflection, radiation. 


1A.S.H.V.E. Research Report No. 1147 — Heat Gain Through Glass Blocks by Solar Radiation and 
Transmittance, by F. C. Houghten, Da^d Shore, H. T. Olson and Burt Gunst (A.S.H.V.E. Transactions^ 
Vol. 46, 1940, p. 83). 
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convection and conduction. A mathematical solution for the determina- 
tion of solar heat transmission has been developed but the equations 
involved are too complex for practical application^ 

The heat flow in summer through various types of roofs and walls has 
been measured by the A.S.H.V.E. Laboratory. The curves in Fig. 2, 
give the heat flow through the inside surface of roofs^ with details of 
the construction of the roofs tested. The conditions for which these 
results are given are : solar radiation for 40 deg north latitude on August 1 
as given in Fig. 1 and Table 4; outdoor design temperature reaching a 
maximum of 95 F as shown by the temperature curve in Fig. 2 and an 
indoor temperature of 75 F. 

Curves in Fig. 3 were prepared by the A.S.H.V.E. Laboratory from 



SUN TIME. AUGUST 1 


Fig. 2. Relation Between Time and Heat Flow Through Inside Surface of 
Horizontal Roofs Corrected to Design Day of August 1 


recent tests made there and show the heat flow through the inside surface 
of three types of walls for various orientations^. The results are given for 
the following conditions : 90 per cent of the solar radiation given in Fig. 1 
and Table 4 for 40 deg north latitude on August 1 ; outdoor design tem- 


2A.S.H.V.E. Research Report No. 923 — Heat Transmission as Influenced by Heat Capacity and 
Solar Radiation, by F. C. Houghten, J. L. Blackahaw, E. M. Pugh and Paul McDermott (A.S.H.V.E. 
Transactions, Vol. 38, 1932, p. 231), Effect of Heat Storage and Variation in Outdoor Temperature and 
Solar Intensity on Heat Transfer Through Walla, by J. S. Alford, J. E. Ryan and F. O. Urban (A.S.H.V.E. 
Transactions, Vol. 45, 1939, p. 369). Periodic Heat Flow in Building Walls Determined by Electrical 
Analogy Method, by Victor Paschkis (A.S.H.V.E. Journal Section, Heating, Piping and Atr Condiltoning, 
February, 1942, p. 133). Siunmer Comfort Factors as Influenced by the Thermal Properties of Building 
MateiiaJs, by C. O. Mackey and L. T. Wnght, Jr. (A.S H.V.E. Journal Section, Heating, Piping and Air 
Conditioning, December, 1942, p. 760). 

*A.S.H.V.E. Research Report No. 1157 — Summer Cooling Load as Affected by Heat Gain Through 
Dry, Sprinkled and Water Covered Roofs, by F. C. Houghten, H. T. Olson and Carl Gutberlet (A.S.H.V.E. 
Transactions, Vol. 46, 1940, p. 231). 

^A.S.H.V.E. Research Report No. 1195 — Heat (Jain Through Walla and Roofs as Affected by Solar 
Radiation, by F. C.. Houghten, E. C. Hach, S. I. Tairauty and Carl Gutberlet (A.S.H.V.E. Transactions, 
Vol. 48. 1942, p 91). 
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perature reaching a maximum of 93 F as shown by the temperature 
curve in Fig. 3 and an indoor temperature of 78 F and 50 per cent relative 
humidity. 

The heat flow shown in Figs. 2 and 3 is a combination of normal trans- 
mission and solar radiation transmission and is the total heat flow through 
the wall or roof. Due to the heat capacity of walls and roofs there is a 
time lag® in the transmission of heat through them as shown by the curves. 
For the types of construction covered in Figs. 2 and 3 and for the con- 
ditions indicated, the heat flow through the inside surface at any given 
time can be read directly. For other types of construction, the curves 
may be used as a guide in estimating the heat flow. The time lag for 



Fig. 3. Relation Between Time and Heat Flow Through the Inside Surface of 
Walls of Different Construction and Orientation on a 93 F Design 
Day with 90 per cent of Design Solar Radiation 

Walls BE, BS, BW and BN — 12 in. solid brick and plaster facing east, south, west and north respectively. 
Walls TE, TS, TW and TN— 4 in. brick veneer, 8 m. tile and plaster facing east, south, west and north 
respectively. 

Walls FE, FS and FW — 1 in. brick veneer, building paper, % in., matched sheathing, 2 x 4 in. studs, 
metal lath and plaster facing east, south and west respectively. 

other types of construction is included in Table 6 which was prepared by 
the A.S.H.V.E. Laboratory from data collected by it and by other 
authorities. 

Solar Radiation Transmitted Through Glass 

Windows present a problem somewhat different from that of opaque 
walls, because they permit a large percentage of the solar energy to pass 
through. A small amount is reflected and a portion is absorbed by the 
glass. The amount absorbed depends upon the character and thickness 
of the glass and the angle between it and the sun's rays. The temperature 
of the glass is raised by the absorbed heat and this heat is then delivered 

6Loc. Cit. Note 2. 
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Table 6. Time Lag in Transmission of Solar Radiation 
Through Walls and Roofs 


Type aito Thickness of Wall or Roof 

Time Lag, 
Hours 

1- in. yellow pine horizontal roof, water proofing, smooth black finish 

2- in. yellow pine horizontal roof, water proofing, smooth black finish 

4-in. reinforced clay tile horizontal roof, water jproofing, slag finish 

2-in, gypsum hnriznntal ror^f, water proofing, slag finish 

1 

IS 

m 

5 

Slate and slaters felt on 2 in, tongue and grooved yellow pine, sloped roof 
4-in. gypsnm hnriTinntnl rnnf, wntpr prnnfing, slag finish . 

fi-in, hnnVnntsj rr»nf, wst<=‘r.pronfing, slag finish. , 

1-in, concrete, 4-in. cinders, IJ^-in. concrete, water proofing, smooth black 

finish _ 

8 

WnnH siHing, 1 -in, shaathing, 2 v 4 stiiHs, lath and plaster 

2 

Wood siding, 1-in. sheathing, 2x4 studs (studding space filled with insula- 
tion) lath and plaster - - - - 

5 

4-in. brick, 1-in. sheathing, 2x4 studs, lath and plaster. 

7 ■ 

4-in. hriolr, R-in. tilpanH plastpr 

lOH 

12 

1.^-in* hrirk, plastprpd 

9-in. brick, Sj^-in. tile, 5M-in. air space, tile and plaster 

16 


to the air on each side in proportion to the difference between the glass 
and air temperatures®. 

The A.S.H.V.E. tests^ indicate that a single pane of double strength 
glass 0,127 in. thick absorbs approximately 11 per cent of the solar 
radiation passing through it when the impingement is normal. For smaller 
angles of impingement, the glass retards percentages of the total radiant 
energy approximately in proportion to the sine of the angle. 

The amount of solar radiation delivered to an unshaded glass surface 
may be obtained from Tables 2, 3, 4 or 5. These values must be used only 
for the net glass area on which the sun shines and not the entire glass 
area. Tests at the A.S.H.V.E. Research Laboratory® have determined 
the percentage of heat from solar radiation actually delivered to a room 
with various types of outdoor and indoor shading. The data in Table 7 
are taken from these tests. 

Table 7. Solar Radiation Transmitted Through Shaded Windows 


Type of Appuetbnanojd 

Finish 

Facinq 

Sun 

Pee Cent 
Dblivebbe 
TO Rook 

Canvas awning , . . 

Plain 

28 

Canvas awning . 

Aluminum 

22 

TnsiHp. shaHp, fully drawn _ 

Aluminum 

45 

Tnsidp shadp, nnp-half drawn.. 

Buff 

68 

Inside Venetian blind, fully covering window, slats at 45 deg. 

Outside Venetian blind, fully covering window, slats at 45 deg 

Aluminum 

Aluminum 

68 

22 


“Heat Absorbing Glass Windows, by W. W. Shaver (A.S.H.V.E. Traksactions, Vol. 41, 1936, p. 287), 
^A.S H.V.E. Research Report No, 974 — Radiation of Energy Through Glass, by J. L. Blackshaw and 
F. C. Houghten (A.S.H.V.E. Transactions, Vol. 40, 1934, p. 93). A.S.HV.E. Research Report No. 976 
— Studies of Solar Radiation Through Bare and Shaded Windows, by F. C. Houghten, Carl Gutberlet, 
and J. L. Blackshaw (A.S.H.V.E. Transactions, Vol. 40, 1934, p. 101). A.S.H.V.E. Research Report 
No. 1180 — Heat Gain Through Western Windows With and Without Shading, by F, C. Houghten and 
David Shore (A.S.H.V.E. Transactions, Vol. 47, 1941, p. 251). 

•Loc. Cit, Note 7. 
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The percentage values in this table were obtained by dividing the total 
amount of heat actually entering through the shaded window by the 
total amount of heat calculated to enter through a bare window (solar 
radiation plus glass transmission, based on observed outside glass tem- 
perature). For bare windows on which the sun shines, the transmission 
of heat from outside air to glass may be small or negative as the glass 
temperature is raised by the solar radiation absorbed. 

In calculating the total heat gain through windows on the sunny side 
of buildings, it is sufficiently accurate to proceed as outlined herewith: 

Consider the total heat gain as that resulting from solar radiation and 
neglect the heat transmission through the glass caused by the difference 
between the temperatures^ of the inside and outside air. This method 
should be used except at times when the calculated heat gain per square 
foot due to normal transmission exceeds the solar intensity. At such 
times, solar radiation may be neglected and the total heat gain considered 
as resulting from normal transmission. 

The solar heat transmission through windows or skylights may be 
expressed by the formula: 

Ho = AofI (2) 

where 

Ho — solar radiation transmitted through a window, Btu per hour. 

Ao — net area of glass exposed to sun’s rays, square feet. 

/ = percentage of solar radiation (expressed as a decimal) transmitted to the 
inside (Table 7). For bare windows, / = 1. 

I = intensity of solar radiation striking surface, Btu per hour per square foot 
(Tables 2, 3, 4 and 5). 

In Equation 2, / = 1 for bare windows because the tests from which 
Table 7 was obtained showed that approximately all of the solar radiation 
impinging on a bare window became a part of the heat load in the room. 
This was because almost all of the heat absorbed by the glass flowed into 
the room by conduction. Other tests® have indicated that in the case of 
a building having floors of high heat capacity such as concrete floors on 
which the solar radiation falls, some of the heat entering a bare window is 
absorbed by the floor and does not immediately become a part of the 
cooling load, but is delivered back to the air in the building at a slow rate. 

The maximum solar intensity on any surface is of limited duration as 
shown in Fig. 1- In the case of windows the total energy impinging on the 
glass before and after the time of maximum intensity is further reduced 
by increased shading of the glass from the frame, or wall. The cooling 
load due to solar radiation therefore does not have to be calculated as a 
steady load. Another point which should be noted is that the maximum 
solar radiation load on the east wall occurs early in the morning when the 
outside temperature is low. 

Tests have been made which indicate that solar radiation through 
window glass is the most important factor to contend with in the cooling 
of an office building. At times it was shown to account for as much as 
75 per cent of the total internal sensible cooling necessary. Because of 


•A.S.H.V.E. Research Report No. 1002 — Cooling Requirements of Single Rooms in a Modem Office 
Building, by F. C. Houghten, Carl Gutberlet, and Albert J. Wahl (A.S.H.V.E. Transactions, Vol. 41, 
1936, p. 63). 
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the importance of the sun load, cooling systems should be zoned so that 
the side of the building on which the sun is shining can be controlled 
separately from the other sides of the building. If buildings are provided 
with awnings so that the window glass is shielded from sunshine, the 
amount of cooling required will be reduced and there will also be less 
difference in the cooling requirements of different sides of the building. 
The total cooling load for a building exposed to the sun on more than one 
side is of course less than the sum of the maximum cooling loads in the 
individual rooms since the maximum solar radiation load on the different 
sides occurs at different times. In determining the total cooling load for 
a building if the time when the maximum load occurs is not obvious, the 


Table 8. Heat Gain Through Glass Blocks^ 


Solar Radiation Heat Gain 
(Direct plus Sky) 

Btu per Sq Ft per Hour 


Total Heat GAiNb (Solar Radiation 
PLUS Normal Transmission) 

Btu per Sq Ft per Hour 


Side 

Easto 

1 

Westc 

1 

South 

Easto 

Westc 

South 

N. Latitude 
Degrees 

40 

40 

30 

35 

40 

45 

40 

40 

30 

35 

40 

45 

Sun 

Outside 













Time 

TempF 













7:00 

74 

65 0 


1.0 

2.8 

3.0 

5.0 

61.0 


-4.6 

-2.0 

-0.5 

1.0 

8-00 

76 

63.0 

0.0 

3.0 ! 

4.4 

6.5 

11.0 

77.5 


0.0 

2.0 

4.0 

5.0 

9:00 

79 

40.0 

5.0 

5.5 

7.1 

10.2 

13.4 

73.5 

6.0 

5.0 

7.0 

10.0 

12 0 

10:00 

83 

24.0 

6.0 

8.5 

11.3 

14.7 

17.1 

57.5 

6.5 

11.0 

15.0 

18.0 

20.8 

11:00 

87 

16.5 

7.0 

12.0 

15.2 

18.7 

21.8 

46.0 

7.6 

16.5 

22.0 

25.5 

32.0 

12:00 

90 

10.0 

10.0 

14.0 

17.4 

21.0 

24.8 

36.5 

10.6 

21.5 

28 0 

33.8 

40 8 

1*00 

93 

7.0 

15.5 

12,0 

15.2 

18.7 

21.8 

30.0 

22.0 

25.0 

31.8 

38.5 

46.0 

2:00 

94 

6.0 

24.0 

8.5 

11.3 

14.7 

17.1 

24.0 

36.0 

26.0 

32.0 

39.0 

47.0 

3:00 

96 

5.0 

40 0 

55 

7.1 

10.2 

13.4 

19.5 

55.0 

24.0 

29.8 

36.5 

45.0 

4:00 

95 

4.5 

66.0 

3,0 

4.4 

6.5 

11.0 

15 5 

77.0 

20.0 

25.5 

31.6 

40.6 

5.00 

93 

40 

63.0 

1.0 

2.8 

3.0 

5.0 i 

12.5 

85.5 

15.0 

20.0 

25.2 

33.5 

6-00 

91 

2.5 

23.5 

0.0 

0.7 

0.7 

3.0 

10.5 

55.0 

9.6 

13 5 

18.0 

25.5 

7:00 

89 

1.5 

0.0 



0.0 

0.7 

8.0 

18.5 

3.5 

7.0 

110 

18.0 


a For August 1. 
b Inside temperature, 78 F. 

cFor east and west walls these values can be applied to all latitudes between 30 and 45 deg N without 
excessive errors. 


load should be calculated for various times of day to determine the times 
at which the sum of the loads on the different sides of the building is a 
maximum. 

The direct solar and scattered sky radiation penetration through glass 
block panels is given in Table 8 for various times of the day for south, 
east and west exposures for different latitudes on August 1. This table 
also gives the total heat gain into an air conditioned space when 78 F is 
maintained indoors, resulting from the effect of both radiation and air to 
air transmission. These values result from A.S.H.V.E. Laboratory data^® 
and apply for expected design radiation intensity, and for a design day 
having a maximum temperature of 95 F. The resulting heat gains are 
averages for four typical glass block designs, two having smooth exterior 
faces, and the other two having exterior ribbed faces. 


wLoc. Cit. Note I, 
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Heat Emission of Occupants 

The heat and moisture given off by human beings under different states 
of activity are shown in various tables and figures of Chapter 2 which 
covers the physical and physiological principles of air conditioning. It 
will be observed from these data that the rate of sensible and latent 
heat emission by human beings varies greatly depending upon state of 
activity. In many applications this component becomes a large per- 
centage of total load. Metabolic rates are markedly variable for some 
extreme environmental conditions and this is another important factor 
which must be considered in cooling load computations. 

Heat Introduced by Outside Air 

An allowance must be made for the heat and moisture in the outside 
air introduced for ventilation purposes and entering the building through 
cracks, doors, and other places where infiltration might occur. 

The volume of air entering due to infiltration may be estimated from 
data given in Chapters 5 and 6. Information on the amount of outside 
air required for ventilation will be found in Chapter 2. 

The possible peak load caused by infiltration and ventilation require- 
ments must be carefully considered. In general, as the ventilation in- 
creases the infiltration will tend to decrease. The external pressure on 
the windward side of the building is often greater than tlae pressure 
within and under this condition there will still be infiltration even with 
large ventilation quantities. Frequently this does not appreciably affect 
the refrigeration calculation as infiltration can frequently be compensated 
for by decreasing ventilation. Infiltration, however, does affect the 
required apparatus dew-point, particularly in rooms of one exposure. 

The heat gain resulting from outside air introduced may be determined 
by Equation 3 : 

H = (ho -hi) (3) 

where 

H == heat to be removed from outside air entering the building, Btu per hour. 

Q = volume of outside air entering building, cubic feet per hour. 

V = cubic feet of outside air per pound of dry air. 

ho = enthalpy of outside air, Btu per pound of dry air. 

hi — enthalpy of inside air, Btu per pound of dry air. 

The latent heat gain resulting from outside air introduced may be 
determined by Equation 4 : 

Hi = -2. (TFo - WO (4) 

V 

where 

H\ = latent heat to be removed, Btu per hour. 

hig = latent heat of evaporation at temperature at which water is condensed, Btu 
per pound. 

Wo — humidity ratio of outside air, pounds water per pound dry air. 

Wi « humidity ratio of inside air, pounds water per pound dry air. 

Heat Emission of Appliances 

Heat generating appliances which give off either sensible heat or both 
sensible and latent heat in an air conditioned enclosure may be divided 
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into three general classes of equipment or devices: (1) electrical ap- 
pliances, (2) gas appliances, and (3) steam heating appliances. 

In the first group may be found such devices as lights^S fans, motors, 
toasters, waffle irons, etc. The wattages are usually marked on the name- 
plates and it is only necessary to multiply the aggregate wattage by 3.413 
(Btu per watthour) in order to estimate the heat added to the conditioned 
space by such devices in Btu per hour. 

Electric motors are usually rated in units of horsepower output To 
determine the corresponding input, which is the rate at which heat is 
added to the conditioned space by full-load operation of such motors, 
some idea of motor efficiency is necessary. The aggregate input in 
horsepower should then be multiplied by 2546 (Btu per horsepower hour). 
When motor efficiencies are not known, the data in Table 9 may be used. 


Table 9. Heat Generated by Motors 


Nahs-piatb RikTZNa Horsspowxb 

Hsat Gain in Btu pbr Hour pbb Hobsxpowbb 

Connected Load in Same Room 

Connected Load Outside of Room 


4260 

1700 

to 3 


1150 

3 to 20 

2950 

400 


In the second group belong such appliances as coffee urns, gas ranges, 
steam tables, broilers, hot plates, etc. For heat generating capacities 
of such appliances refer to Table 10. 

Considerable judgment must be followed in the use of data given in 
Table 10. Consideration must be given to time of day when appliances 
are used and the heat they contribute at time of peak load. Only those 
' appliances in use at the time of the peak load need be considered. Con- 
sideration must also be given to the way appliances are installed, whether 
products of combustion are vented to a flue, whether they escape into the 
space to be conditioned, or whether appliances are hooded allowing part 
of the heat to escape through a stack. There are no generally accepted 
data available on the effects of venting and shielding heating appliances 
but it is believed that, when they are properly hooded wiA a positive 
fan exhaust system through the hood, 50 per cent of the heat will be 
carried away and 50 per cent dissipated in the space to be conditioned. 
Where latent as well as sensible heat is given off, it is usually safe to 
assume that all latent heat will be removed by a properly designed andi 
operated vent or hood. 

Moisture Through Walls 

In some applications walls of the conditioned space may be in contact 
with other spaces which have in them a higher water vapor pressure than 
that in the conditioned space. It is known that water vapor will flow 

“Cooler Footcandles for Air Conditioning, by W. G. Darley (A.S.H.V.E. Transactions. Vol. 46, 
1940, p. 367), Lighting and Air Conditioning Design Factors, Report of I. E, S. — ^A.S.H.V.E, Joint Com- 
mittee on Lighting In Air Conditioning (A.S.H.V.E. Journal Section, Beating, Piping and Air Con^ 
ditioning, September, 1941, p. 605). Lighting and Air Conditioning, by Howard M. Sharp (Beating and 
Ventilating, November. 1942, p. 35) 
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Table 10. Heat Gain from Various Sources^ 


» Per Cent Percentage or 

Name- Btu per Hour 

Sensible I Latent I Total 



Miscellaneous 


41. Heat Liberated By Food per Person, as in a Restaurant 30 30 60 

42. Heat Liberated from Hot Water used direct and on towels 

per hour — Barber Shops - 100 200 300 

c^Heat gain from electric or gas residential ranges or cooking stoves depends on sue of the family, socio- 
economic status of the individual, time of day for principal meal, and whether the equipment is manually 
or automatically controlled. Total heat gain will probably not exceed 40 per cent nameplate rating. Per 
cent sensible and latent heat will depend upon use of equipment; dry heat; baking or boUing. 

h Nameplate ratings of gas burning equipment can be obtained from a Directory of Approved Gas 
Applistnces and Listed Accessories, January 1. 1942, obtainable from American Gas Assodatum Laboratories, 
Cleveland, Ohio. 

0 Steam Requirements of Process Equipment, Report of the Commercial Relations Committee, National 
District Heating Association (Heating, Piping and Air Conditioning, November, 1942, p. 676). 
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through the building materials in proportion to the vapor pressure dif- 
ference on the two sides of the material. The total amount of water 
vapor transmitted is dependent on the permeability which is usually 
expressed in grains of moisture per square foot per hour per inch of 
mercury vapor pressure difference. The values for permeability in 
Table 11 are quoted from a publication of the National Bureau of 
Standards^^. The water vapor entering the conditioned space must be 
added to the latent cooling load. 

Table 11. Permeability of Various Materials to Water Vapor 


Material 

Permeability 
Grains per Sq Ft 
PER Hr 

PER Inch Hg 

Plaster base and plaster, ^ in.. 

Group !• 

14.7 

Fir shearhingr^ ^ in 

2.9 

49.1 

4.9 

3.4 

12.5 

1.1 

Wa+prpronf papf»r _ _ __ _ 

Pinf» lap Riding; _ 

Paint film . 

Sugar can fiberbof«rd, 3^ m. 

Brick masonry, 4 in ,,, 


Fnil-siirfar<^d rpflf^rtivp insnlfltinnj dnuhift-farnd 

Group 2b 

0.08 to 0.13 

0.13 to 0.17 

1.37 to 2.58 
11.00 

3.68 to 3.84 

1.15 

19.73 to 20.57 
2.67 to 2.74 
25.68 to 34.27 
3.03 to 4.36 

6.19 

29.07 

Pnll rnnfingr — smooth, 40 to 65 lb /roll 108 sq ft _ _ _ 

Diiplpv or laminated papers, .80-.80-80 

Plaster, wood latb __ . .. . __ 

Plaster, a mats of lead and nil 

Plaster, 2 mats of Al. paint 

Plaster, fiherhnard or gfypsiim lath 

Plywood, tA in., .5-ply Douglas fir _ 

Insulating lath and sheathing, board type 

Insulating sheathing, snrfaoe-ooated . 

Insulating mrlr hlor.ks, 1 in. 

Mineral wool, unprotected, 4 in 



•Calculating Vapor and Heat Transfer Through Walls, by L. G. Miller (Heating and Ventdating 35, 
No. 11, 56 November, 1938). 

bHow to Overcome Condensation in Building Walls and Attics, by L V Teesdale (Heating and Venti- 
lating 36, No. 4, 36 AprU, 1939). 


Vapor barriers, to be effective in reducing entrance of moisture, must 
seal completely the walls, ceilings, and floors that are exposed to space 
having excessive vapor pressure and all doors must have gaskets applied 
to them to make the barrier effective. 

ILLUSTRATION 

From the foregoing discussion it is obvious that the determination of 
the maximum cooling load is rather complicated by reason of the variable 
nature of contributing load components. An illustrative example will 
explain the method. 

i^Moisture Condensation in Building Walls, by Harold W. Woolley (17. 5. Department of Commerce 
National Bureau of Standards, Building Materials and Structures Report BMS63). 
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8'x&' 14'x6' 14'x6' 14'x6' 


Fig. 4. Plan Diagram of Clothing Store 


^ Example 1. Determine cooling load requirements for a clothing store illustrated in 
Fig. 4 and located in Pittsburgh, Pa., Latitude 40 deg. This is a one-story building 
located on a corner and it faces south and west. Assume building on east and north 
sides conditioned. 

Wall construction, 8 in. concrete block, 4 in. brick veneer, plaster on walls, U = 0.33 

(Table 7, Chapter 4, No. 93 B). 

Roof construction, 2 in. concrete, in. insulating board, metal lath and plaster 

ceiling, U = 0.26 (Table 14, Chapter 4, No. 14 B). 

Floor, maple flooring on yellow pine, no ceiling below, U = 0.34 (Table 10, Chapter 4, 

No. 1-0). 

Partition, wood lath and plaster on both sides of studding, U — 0.34 (Table 8, 

Chapter 4, No. 3 B). 

Windows, provided with awnings. 

Front doors, 2 ft 6 in. x 7 ft (glass paneled). 

Side door, 3 ft x 7 ft (glass paneled), U = 1.13 (Table 17 A, Chapter 4). 

Occupancy, 10 clerks, 40 patrons. 

Lights, 4200 w. 

Outside design conditions, dry-bulb 95 F ; wet-bulb 75 F. 

Inside design conditions, dry-bulb 80 F; wet-bulb 67 F. 

Basement temperature, 85 F. 

Store room temperature, 88 F. 

Solution. It is obvious from the shape and exposure of this store and the large glass 
area on the west side that the maximum cooling load will occur during the afternoon 
when the sun is shining on the west wall. From Fig. 1, the peak load may be expected 
at 4:00 p.m. 

The combined normal transmission and solar radiation transmission through the roof 
at 4:00 p. m. is obtained from Fig. 2. While none of the roofs in Fig. 2 is exactly like 
this one, roof C is similar. A heat flow of 11 Btu per square foot per hour was assumed, 
slightly less than for roof C. The combined normal transmission and solar radiation 
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Combined Normal and Solar Radiation Transmission: 


Surface 

Dimensions 

Area 

Sq Ft 

Btu per Hour 
PER Sq Ft 

Btu per 

Hour 

S Wall 

(30 ft X 12 ft) - 155 

205 

3 

615 ’ 

W Wall 

(60 ft X 12 ft) - 321 

399 

2.6 

998 

Roof 

60 ft X 30 ft 

1800 

11 

19,800 

Total 




21,413 


Normal Transmission: 


Surface 

Dimensions 

Area 

Sq Ft 

U 

Temp. Diff. 
Deg F 

Btu per 
H oxra 

S Glass 

2 (2 ft 6 in. X 7 ft) + 

2 (10 ft X 6 ft) 

155 

1.13 

15 

2,627 

Floor 

26 ft X 54 ft 

1404 

0.34 

5 

2,387 

N Partition 

30 ft X 12 ft 

360 

0.34 

8 

979 

Total ^ 





5,993 


transmission through the south and west walls at 4:00 p.m. is obtained from curves TS 
and TW in Fig. 3. 

The normal heat transmission through the south glass, floor and partition is deter- 
mined by application of Formula 1. Solar radiation transmission through the south 
glass can be neglected. The solar intensity I for the south side at 4:00 p.m. is 29. Apply- 
ing a shade factor of 0.28, the calculated solar radiation transmission is 29 X 0.28 « 8 
Btu per square foot per hour which is less than the normal transmission; therefore the 
total heat gain can be taken as that due to normal transmission. 

Solar radiation intensity on the west glass at 4:00 p.m. from Table 4 is 211 Btu per 
square foot per hour. As explained in the text, normal transmission can be neglected 
because it is small in comparison with solar radiation transmission. 

To determine the heat gain from the outside air it is necessary first to determine the 
volume of the outside air to be introduced. Since the windows are sealed so as not to 
permit infiltration and since there are only three doors in this store through which in- 
filtration can take place, infiltration is neglected in solving this example. The dew-point 
within the store is, however, affected by the outside air admitted when the doors are 
in use. 

^ Assuming a constant apparatus dew-point, the infiltration will affect the dew-point 
within the space, raising it when outside air is above the line drawn on the psychro- 
metric chart between the apparatus dew-point and the room conditions and lowering 
it when it is below. The volume of the store is 21,600 cu ft. Good practice indicates 
that in a store of this character there should be a minimum of from 1 to IH outside air 
changes per hour. On a basis of IH air changes the volume of outside air to be introduced 
would be 32,400 cu ft per hour. The minimum ventilation requirements as given in the 
Code of Minimum Requirements for Comfort Air Conditioning^* are 10 cfm per 
pCTson. On this basis the ventilation requirements would be 30,000 cu ft per hour. 
Since this will produce approximately outside air changes per hour, 30,000 cu ft per 
hour will be considered in this application. 

To determine load imposed by occupants it will be found from Chapter 2 that the 
average person standing at rest will dissipate 431 Btu per hour and that the moisture 
dissipated in 0.198 lb per hour. 

To determine the latent heat load, the sum of the moisture evaporated from occupants 
and that to be removed from outside air is multiplied by the latent heat of evaporation 


“Code of Minimuni Requirements for Comfort Air Conditioning (A.S.H.V.E. Transactxons, VoL 44, 
1938. p. 27). Reprints of this code are available at $.10 a copy. 
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at the temperature at which the moisture is condensed in the conditioner. Since outside 
air is positively introduced, a mixture of outside and recirculated air passes through the 
conditioner. To remove the moisture, the air must be cooled to a temperature below the 
dew-point of the mixture. To obtain an approximate value of the latent heat of evapora- 
tion, assume that the air is cooled to 55 F. At this temperature, hiz = 1062.7 Btu 
per hour (steam table). 

Solar Radiation Through Glass: 

WGlass. (14ft X 6ft) + (8ft X 6ft) + (3ft X 7 ft) = 321 sq ft. 

Hq = 321 X 0.28 X 211 == 18,965 Btu per hour (Equation 2). 

Outside Air: 

H = (ho — hi) (Equation 3). 

V ^ Vo + (Equation 17, Chapter 1). 

Vo = specific volume of dry air at 95 F = 13.97 cu ft per poxmd (Table 6, Chapter 1). 

Vaa = difference between volume of saturated mixture and specific volume of dry air 
at 95 F — 0.82 cu ft per pound (Table 6, Chapter 1). 

jj. “ per cent saturation at 95 F dry-bulb and 75 F wet-bulb — 38.4 per cent (by 
calculation, Chapter 1). 

V = 13.97 + (0.384 X 0.82) *= 14.28 cu ft per pound dry air. 
ho ho + \^hoa (Equation 19, Chapter 1), 

ho = specific enthalpy of dry air at 95 F =» 22.80 Btu per pound (Table 6, Chapter 1). 

hoa ~ difference between enthalpy of saturated mixture and specific enthalpy of 
dry air at 95 F = 40.25 Btu per pound (Table 6, Chapter 1). 

ho =» 22.80 4- (0.384 X 40.25) = 38.26 Btu per pound dry air, 

IJL at 80 F dry-bulb and 67 F wet-bulb =* 50.2 per cent (by calculation. Chapter 1). 

/n = Aa + ^hoa =« 19.19 + (0.502 X 24.32) = 31.40 Btu per pound dry air (Table 6, 
Chapter 1). 

H = (38.26 - 31.40) = 14,410 Btu per hour. 

Wo = humidity ratio of outside air at 95 F and 75 F = 0.384 X 0.03652 = 0.01402 lb 
water per pound dry air. (Equation 14, Chapter 1). 

Wi == humidity ratio of inside air at 80 F and 67 F = 0.502 X 0.02221 = 0.01115 lb 
water per pound dry air. (Equation 14, Chapter 1). 

Weight of water to be removed = (Wo - Wi) = (0.01402 - 0.01115) - 

6.03 lb per hour. 

Occupants: 

50 X 431 = 21,550 Btu per hour, 

50 X 0.198 — 9.90 lb water per hour evaporated 
Lights: 

4200 X 3.413 — 14,335 Btu per hour. 
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Summary: 


Component of Load 

Btu 

PER HOtTR 

Combinf^H Normal Solar Radiation Transmission .. 

21,413 

5,993 

18,965 

14,410 

21,550 

14,335 

96,666 

Normal Transmission. 

Solar Radiation Throiigh Olaas 

Outside Air 

Occupants . _ . _ _ 

TJcrht-s _ 

Total (Sensible and Latent Heiit Gain). .. 



Latent Heat: 

Outside air 6.03 lb water per hour. 
Occupants 9.90 lb water per hour. 


15.93 lb water per hour. 

15.93 X hig = 15.93 X 1062.7 - 16,929 Btu per hour. 


Condition Line: 


The condition line for this application may be determined from Equation 25 in 
Chapter 1 by taking the ratio of 96,666 15.93 = 6070 Btu per pound water. In this 

case,^ it crosses the saturation curve at a temperature for which the enthalpy and the 
humidity ratio Ws satisfy the equation, 


31.40 - fes 
0.01115 - TFs 


= 6070. 


A trial-by-error computation gives a quick solution of 57.4 F, which can also be deter- 
mined graphically on a Mollier chart. This is the apparatus dew-point as explained in 
Chapters 1 and 21. 


Refrigeration Load: 

Assuming 100 per cent saturation efficiency for the air conditioning apparatus, 
operation at the apparatus dew-point is possible. The thermodynamic properties 
involved in calculating the refrigeration required are: 

Inside Air After Cooling After Separating 

t 80.0 57.4 57.4 

h 31.40 24.678 24.65 

W. 0.01115 0.01115 0.01004 

The refrigeration required is 31.4 — 24.678 = 6.722 Btu per pound d^ air. The total 
outside and recirculated dry air to be circulated through the air conditioning apparatus 
is 96,666 -f- (31.40 -- 24.65) = 14,321 lb per hour. Hence, the total refrigeration required 
or the cooling load is 14,321 X 6,722 = 96,265 Btu per hour, or 96,265 12,000 (Btu 

extracted per hour per ton of refrigeration) = 8.02 tons. 

The energy removed with the water eliminated is 14,321 X (24.678 — 24.65) = 
401 Btu per hour. This plus the refrigeration accounts for the total removal of 96,265 
-j- 401 = 96,666 Btu per hour as required. 
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CHAPTER 8 


C^omLudiion anJ. ^^ueid 


Principles of Combustion, Classification of Coals, Firing 
Methods for Coals, Firing Methods for Coke, Dustless Treat- 
ment of Coal, Classification of Oils, Combustion of Oil, Classi- 
fication of Gas, Combustion of Gas 


T he data given in the first part of this chapter are of general appli- 
cation to the various fuels used in domestic heating which are coal, 
coke, oil and gas. The choice of fuel is a question of dependability, 
cleanliness, fuel availability, economy, operating requirements and control. 

FUNDAMENTAL PRINCIPLES OF COMBUSTION 

Combustion may be defined as the chemical combination of a substance 
with oxygen with a resultant evolution of heat. The rate of combustion 
depends partly upon the specific rate of reaction of the combustible 
substance with oxygen and partly upon the rate at which oxygen is 
supplied and the surrounding conditions as they define the temperature. 

Complete combustion is obtained when all of the combustible elements in 
the fuel are oxidized with all of the oxygen with which they can combine. 
All of the oxygen supplied may not be utilized. 

Perfect combustion is defined as the result of supplying the required 
amount of oxygen for combination with all of the combustible elements 
of the fuel and utilizing all of the oxygen so supplied. 

The oxygen required for the process of combustion is obtained from air 
which is a mechanical mixture of oxygen, nitrogen and small amounts of 
carbon dioxide, water vapor and inert gases. These inert gases are 
generally included with the nitrogen, and for engineering purposes the 
values given herewith may be used. 



Bt Volume Per Cent 

Bt Weight Per Cent 

Oxyg^ftn, Oj 

20.9 

23.15 

Nit-rngrpn, _ 

79.1 

76.85 



The combination of oxygen with the combustible elements and com- 
pounds of a fuel is in accordance with fixed laws. In the case of perfect 
combustion the reactions and resultant combinations are shown in Table 1, 
The most important condition governing the process of combustion is 
temperature. It is necessary to bring a combustible substance to its 
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ignition temperature before it will unite in chemical combination with 
oxygen to produce combustion. The ignition temperatures for several of 
the combustible constituents of fuels are presented in Table 1. 

HEAT OF COMBUSTION 

As previously stated, the process of combustion results in the evolution 
of heat. The heat generated by the complete combustion of a unit of fuel 
is constant for a given combination of combustible elements and com- 
pounds, and is known as the heat of comhttstion, calorific value^ or heating 
value of the fuel. 

The heat of combustion of the several fuel elements and compounds in 
their pure state is given in Table 1. 

The reaction of the carbon in the fuel with oxygen may result in the 
formation of carbon monoxide or carbon dioxide. In burning to carbon 
monoxide, the carbon is not completely oxidized and, as shown by the 
data, the heat produced is considerably less than if it were completely 
oxidized. This fact is of greatest importance in considering the efficiency 
of combustion. 

The calorific value of a fuel is determined by direct measurement of the 
heat evolved during combustion in a calorimeter. Although the ash and 
moisture content of coal from a given mine or locality may vary widely, 
the heating value of the coal, on a moisture and ash free basis, remains 
relatively constant. It is therefore possible to approximate the heating 
value of a shipment of coal as received if its moisture and ash content are 
determined, and if the heating value of similar coal on a moisture and ash 
free basis is known. This may be calculated by Equation 1. 

Heating value, aw — 

Heating value, woMtoe X [100 — (Moisture + Ash)] 

100 ^ ^ 

where^ moisture and ash are expressed in per cent. 

Typical analyses of the coals of the United States are given in U, S, 
Bureau of Mines Bulletin 446. 

As practically all fuels contain hydrogen, water vapor is one of the 
products of combustion. The amount of water vapor produced is pro- 
portional to the hydrogen content of the fuel. 

^ When the heating value of a fuel is determined in a calorimeter the 
water vapor is condensed and the latent heat of vaporization is included 
in the heating value of the fuel. The heating value so determined is 
termed the gross or higher heating value and this is what is ordinarily 
meant when the heating value of a fuel is specified. In burning the fuel, 
however, the products of combustion are not cooled to the dew-point and 
the higher heating value cannot be obtained. 

FLAME 

The appearance of the flame or products of combustion may serve as an 
approximate measure of the temperatures developed in the combustion 
process. The luminosity of a flame is caused by the heating to incan- 
descence of unconsumed particles of combustible matter in the gases, and 
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Table'2. Approximate Flame Temperature Data 


Appearance of Flame 


Temperature Deg F 


Red, visible in daylight.. 

Light red 

Orange-red 

Orange-yellow 

Yellow-white 

Bright white 



the higher the temperature of these particles the whiter the flame. Table 
2 gives some approximate flame temperature data. 


AIR AND COMBUSTION 

The weight of air required for the perfect combustion of a pound of fuel 
may be determined by use of the ultimate analysis of the fuel as applied to 
Equations 2 to 4. The various elements are expressed in percentages 
by weight. 

Solid and Liquid Fuels: 

Pounds air required per pound fuel = 34.56 -f J (2) 

Gaseous Fuels: 

Pounds air required per pound fuel = 2.46 CO + 34.66 Hi -p 17.28 CHi + /o\ 

13.29 C 2 H 2 -P 14.81 CiHi + 16.13 CaH# + 6.10 HiS - 4.32 O 2 

When the analysis is given on a volumetric basis the equation is ex- 
pressed as follows: 

Cubic feet air required per cubic foot gas = 2.39 (CO + Hz) -p 9.56 CHi -p 
11.98 C 2 H 2 -P 14.35 CiHi -P 16.74 CaHc - 4.78 O 2 

Equations 5 and 6 may be used as approximate methods of determining 
the theoretical air requirement for any fuel. 


Pounds air required per pound fuel — 0.755 X 


Heating value (Btu per pound) 


Cubic feet air required per unit fuel = 


Heating value (Btu per unit) 


Approximate values for the theoretical air required for different fuels 
are given in Table 3. 

It is customary to make use of the analysis of the products of com- 
bustion to determine the amount of flue gas produced and the actual 
amount of air supplied for combustion. The analysis of flue gases has 
been well described in various publications of the Bureau of Mines and 
in the literature and the details of Orsat manipulation need not be 
considered in this discussion. (See Chapter 35.) 

The weight of dry flue gas per pound of fuel burned is used in com- 
bustion loss calculations and may be determined by Equation 7. 


Pounds dry flue gas per pound fuel = 


11 CO 2 -P 8 O 2 + 7 (CO -P N 2 ) 
3 (CO 2 -P CO) 
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Values for CO 2 , O 2 , CO and N 2 are percentages by volume from the flue 
gas analysis and C is the weight of carbon burned per pound of fuel 
corrected for carbon in the ash. 


EXCESS AIR 

Since one measure of the efficiency of combustion is the relation existing 
between the amount of air theoretically required for perfect combustion 
and the amount of air actually supplied, a method of determining the 
latter factor is of value. Equation 8 will give reasonably accurate results, 
for most solid and liquid fuels, for determining the amount of air supplied 
per pound of fuel. 

Pounds dry air supplied per pound of fuel = ^ ^ 


Values for CO 2 , CO and N are percentages by volume from the flue gas 
analysis and C is the weight of carbon burned per pound of fuel corrected 
for carbon in the ash. 

The difference between the air actually supplied for combustion and 
the theoretical air required is known as excess air. 


Per cent excess air 


Air supplied — Theoretical air 
Theoretical air 


(9) 


Since the calculation is usually made from Orsat readings, Equation 10 
will be found to be a convenient statement of this relationship. 


Table 3. Approximate Theoretical Air Requirements 


Solid Fubl 

Pounds Air Feb Found Fuel 

Antfirar.itp 

9.6 

5»f»nni-hitiiminmis roal _ _ 

11.2 

Bituminous coal 

10.3 

Lignite _ _ _ 

6.2 

Coke _ - 

11.2 



Fuel Oil 

Founds Air Feb Gallon Fuel 

Commercial Standard No. 1 

102.6 

Commerrial Standard Nn. 2 


Cnmmerrial Standard No. 3 _ 

106.5 

CnTnmerrial Standard No. 

112.0 

Commercial Standard No. 6 

114.2 



Gaseous Fuels 

Cubic Feet Am Fee Cubic Foot Gas 

Nfltnrfll gfls .. 

10.0 

Mixed, natural and water gas 

4.4 

Carbureted water gas. 

4.4 

Waiter gas, roVe .. .. . __ 

2.1 

Coke oven gaa , - 

5.2 
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100 (a -^) 

Per cent excess air = ^—?W\ 

N 2 X 0.264 - {^02 - ^ j 

In this formula the symbols represent volumetric percentages of the 
flue gas constituents as determined by analysis. 

The amount of excess air in its relation to the percentage of CO 2 is 
shown by the curves in Fig. 1 for several fuels. These are approximate 
values. It should be noted that in hand-fired furnaces with long periods 
between firings the combustion goes through a cycle in each period and 
the quantity of excess air present varies. 

Due to the different carbon-hydrogen ratios of the different fuels the 
maximum CO 2 attainable varies. Representative values for perfect com- 
bustion of several fuels are given in Table 4. 



Fig. 1. Relation Between CO2 and Excess Air in Gases of Combustion 

In considering the factor of excess air it should be noted that a deficien- 
cy of air supply will result in combustible products passing to the stack 
unburned. An excess of air absorbs heat from the products of combustion 
and results in a greater loss of sensible heat to the stack. An excess of air 
is always required, however, to eliminate combustible losses occasioned 
by poor mixing of the fuel and air. It is considered good practice, under 
usual operating conditions, to supply from 25 to 60 per cent excess air, 
dependent upon the fuel utilized. 

SECONDARY AIR 

When bituminous coal is hand-fired in a furnace the volatile matter in 
the fuel distills off leaving coke on the grate. The product of combustion 
of the coke is CO 2 and under certain conditions some CO may arise from 
the bed. The combustion of the volatile matter and the CO may amount 
to the liberation of from 40 to 60 per cent of the heat in the fuel in the 
combustion space over the fuel bed. 
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Table 4. Representative Maximum COt Values 


Fuel 

Pbb Cent COt 

Cnkft 

21.0 

Anthracite _ .. _ . _ 

20.2 

Bituminous coal. __ _ _ _ _ 

18.2 

Oil _ _ . 

15.5 

Natural o^as 

12.0 

Coke oven g^as 

11.0 



The air that passes through the fuel bed is called primary air and the 
air that is admitted over the fuel bed in order to burn the volatile matter 
and CO is called secondary air. 

This process of combustion is illustrated in Fig. 2 ^. The free oxygen of 
the air passes through the grate and the ash above it and burns the carbon 
in the lower three or four inches of the fuel bed forming carbon dioxide. 
This layer noted as the oxidizing zone is indicated by the symbols CO2 and 
O2. Some of the carbon dioxide of the oxidizing zone is reduced to carbon 



Fig 2. Combustion of Fuel in a Hand-Fired Furnace 

monoxide in the upper layer of the fuel bed noted as the reducing zone 
and indicated by the symbols CO2 and CO. The gases leaving the fuel 
bed are mainly carbon monoxide, carbon dioxide, nitrogen and very little 
free oxygen. Free oxygen is admitted through the firing door in an 
attempt to burn carbon monoxide and the volatile combustible distilled 
from the freshly fired fuel. 

The division of the total into primary and secondary air necessary to 
produce the same rate of burning and the same excess air depends on a 
number of factors which include size and type of fuel, depth of fuel bed, 
and size of fire-pot. 

Size of the fuel is a very important factor in fixing the queuitity of 
secondary air required for non-caking coals. With caking coals it is not 
so important because small pieces fuse together and form large lumps. 
Fortunately a smaller size fuel gives more resistance to air flow through 
the fuel bed and thus automatically causes a larger draft above the fuel 
bed, which draws in more secondary air through the same slot openings. 


iHand Firing Soft Coal Under Power Plant Boilers (JJ. S. Bureau of Mines Technical Paper No. 80). 
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In spite of this, a small size fuel requires a larger opening of the door 
slots; for a certain size for each fuel no slot opening is required, and for 
larger sizes too much excess air gets through the fuel bed. 

It is impossible to establish a single rule for the correct slot opening for 
all types and sizes of fuels and for all rates of burning. Furthermore, the 
effect of slot opening is dependent on whether the ashpit damper is open 
or closed. 

Bituminous coals require a large amount of secondary air during the 
period subsequent to a firing in order to consume the gases and to reduce 
the smoke. The smoke produced is a good indicator, and that opening is 
best which reduces the smoke to a minimum. Too much secondary air 
will cool the gases below the ignition point, and prove harmful instead of 
beneficial. 

Secondary air that enters the combustion chamber too far removed 
from the zone of combustion will also be harmful, for the oxygen in the 
secondary air will not react with any unburned gases unless the mixture 
is subjected to high temperatures. 

The air requirements of oil and gas burners are discussed in Chapter 10, 
Automatic Fuel Burning Equipment. 


DRAFT REQUIREMENTS 

The draft required to effect a given rate of burning the fuel is dependent 
on the following factors: 

1. Kind and size of fuel. 

2. Grate area. 

3. Thickness of fuel bed. 

4. Type and amount of ash and clinker accumulation. 

5. Amount of excess air present in the gases. 

6. Resistance offered by the boiler passes to the flow of the gases. 

7. Accumulation of soot in the passes. 

Insufficient draft will necessitate additional manipulation of the fuel 
bed and more frequent cleanings to keep its resistance down. Insufficient 
draft also restricts the control that can be accomplished by adjustment 
of the dampers. 

The quantity of excess air present has a marked effect on the draft 
required to produce a given rate of burning. If the excess is caused by 
holes in the fuel bed, or an extremely thin fuel bed, it is often possible to 
produce a higher rate of burning by increasing the thickness of the bed. 
The thickness of the fuel bed should not, however, be increased too much 
because the increased draft resistance will reduce the rate of primary air 
supply and the rate of burning. 

For amount of draft required see Chapter 9, Chimneys and Draft 
Calculations. 


DRAFT REGULATION 

Because of the varying heating load demands present in most instal- 
lations it is necessary to vary the rate of fuel burning. The maintenance 
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of the proper air supply for the various rates of burning is accomplished 
by regulation of the drafts. Correct and incorrect methods of draft 
regulation are shown in Fig. 3. The air enters through the ashpit draft 
door, firing door and by leaks in the setting, whereas the gases leave only 
through the uptake. By throttling the gases with the damper in the 
uptake all the air entering by each of the three intakes is reduced in the 
same proportion. If the ashpit draft door is closed the air admitted 
through the ashpit is reduced and increased through the other two intake 
openings. 



Fig. 3. Correct and Incorrect Methods of Draft Regulation 
IN A Hand-Fired Furnace 

Methods of control of draft conditions when burning oil or gas are 
noted in Chapter 10, Automatic Fuel Burning Equipment. 

CLASSIFICATION OF COALS 

The complex composition of coal makes it diflScult to classify it into 
clear-cut types. Its chemical composition is some indication but coals 
having the same chemical analysis may have distinctly different burning 
characteristics. Users are mainly interested in the available heat ‘per 
pound of coal, in the handling and storing properties, and in the burning 
characteristics. A description of the relationship between the qualities 
of coals and these characteristics requires considerable space: a treatment 
applicable to heating boilers is given in a Bureau of Mines Bulletin^ 

Coal composition may be expressed by either an ultimate or proximate 
analysis. In the ultimate analysis the proportions of carbon, hydrogen, 
oxygen, nitrogen, sulphur, and ash are determined. This form of analysis 
is difficult to make and is used only for extremely close studies. The 
proximate analysis is more easily made and is satisfactory for most 
purposes. In this analysis, the proportions of moisture, volatile matter, 
fixed carbon, and ash are determined. Moisture is obtained by noting 
the loss of weight of a sample of coal when dried at about 220 F. To 
determine volatile matter, the dried sample is heated to about 1750 F 
in a closed crucible, and the loss of weight is noted. The sample is then 
burned in an open crucible, and the accompanying loss of weight repre- 

apive Hundred Tests of Various Coals in Househeating Boilers {U 5. Bureau of Mines Bulletin No. 276). 
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sents the fixed carbon. The unburned residue is ash. Although deter- 
mined separately, the sulphur content is frequently reported with a 
proximate analysis. 

Other important qualities of coals are the screen sizes, ash fusion 
temperature, friability, caking tendency, and the qualities of the volatile 
matter. In considering these factors the following points are of interest. 
The volatile products given off by coals when they are heated differ 
materially in the ratios by weight of the gases to the oils and tars. ^ No 
heavy oils or tars are given off by anthracite, and very small quantities 
are given off by semi-anthracite. As the volatile matter in the coal 
increases to as much as 40 per cent of ash and moisture-free coal, in- 
creasing amounts of oils and tars are released. For coals of higher 
volatile content, the relative quantity of oils and tars decreases, so it 
is low in the sub-bituminous coals and in lignite. The percentage of ash 
and its fusion temperature do not indicate the composition or distribu- 
tion of its constituents. 

A classification of coals is given in Table 5, and a brief description of the 
kinds of fuels is given in the following paragraphs, but it should be 
recognized that there are no distinct lines of demarcation between the 
kinds, and that they graduate into each other. 

Anthracite is a clean, dense, hard coal which creates little dust in handling. It is com- 
paratively hard to ignite but it burns freely when well started. It is non-caking, it burns 
uniformly and smokelessly with a short flame, and it requires no attention to the fuel bed 
between firings. It is capable of giving a high efficiency in the common types of hand- 
fired furnaces. A tabulation of the quality of the various anthracite sizes will be found in 
a Bureau of Mines Report^. 

Semi^anthracite has a higher volatile content than anthracite. It is not so hard and 
ignites somewhat more easily; otherwise its properties are similar to those of anthracite. 

Semi-hituminous coal is soft and friable, and fines and dust are created by handling it. 
It ignites somewhat slowly and burns with a medium length of flame. Its caking prop- 
erties increase as the volatile matter increases, but the coke formed is relatively weak. 
Having only half the volatile matter content of the more abundant bituminous coals it 
can be burned with less production of smoke, and it is sometimes called smokeless coal. 

The term bituminous coal covers a large range of coals and includes many types having 
distinctly different composition, properties, and burning characteristics. The coals range 
from the high-grade bituminous coals of the East to the poorer coals of the West. Their 
caking properties range from coals which completely melt, to those from which the 
volatiles and tars are distilled without change of form, so that they are classed as non- 
caking or free-burning. Most bituminous coals are strong and non-friable enough to 
permit of the screened sizes being delivered free from fines. In general, they ignite 
easily and burn freely; the length of flame varies with different coals, but it is long. Much 
smoke and soot are possible, if improperly fired, especially at low rates of burning. 

Sub-bituminous coals occur in the western states; they are high in moisture when 
mined and tend to break up as they dry or when exposed to the weather; they are liable 
to ignite spontaneously when piled or stored. They ignite easily and quickly and have a 
mediuna len^h flame, are non-caking and free-burning; the lumps tend to break into 
small pieces if poked; very little smoke and soot are formed. 

Lignite is of woody structure, very high in moisture as mined, and of low heating 
value; it is clean to handle. ^ It has a greater tendency than the sub-bituminous coals to 
disintegrate as it dries, and it also is more liable to spontaneous ignition. Freshly mined 
lignite, because of its high moisture, ignites slowly. It is non-cakmg. The char left after 
the moisture and volatile matter are driven off burns very easily, like charcoal. The 
lumps tend to break up in the fuel bed and pieces of char falling into the ashpit continue 
to burn. Very little smoke or soot is formed. 


*Quality of Anthracite as Prepared at Breakers, 1935 (Z7. 5. Bureau of Mines Re-bort of Investigations, 
R. I. 3283). 
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Table 5. Classification of Coals by Rank^- 


Legend: F.C. = Fixed Carbon. V.M. = Volatile Matter. Btu = British thermal units. 


Class 

Group 

Limits op Fixed Carbon or Btu 
Minbral-Mattbr-Frbb Basis 

Requisite Physical 
Properties 


1. Meta-anthracite. 

Dry F.C , 98 per cent or more (Dry 
V.M., 2 per cent or less) 





I. Anthracite < 

2. Anthracite 

1 Dry F.C., 92 per cent or more and less 
than 98 per cent (Dry V.M , 8 per 
cent or less and more than 2 per cent) 

Non-agglomerating* 


3. Semi-anthracite 

Dry P C-, 86 per cent or more and less 
ihan 92 per cent (Dry V.M., 14 per 
cent or less and more than 8 per cent) 



1. Low volatile bituminous coal 

Dry F.C., 78 per cent or more and less 
than 86 per cent (Dry V.M., 22 per 
cent or less and more than 14 per 
cent) 


n. Bituminous^™ ^ 

2. Medium volatile bituminous coal 

3. High volatile A bituminous coal. 

Dry F C., 69 per cent or more and less 
than 78 per cent (Dry Y.M., 31 per 
cent or less and more than 22 per 
cent) 

Dry F.C., less than 69 per cent (Dry 
V.M., more than 31 per cent); and 
moi8t“ Btu, 14, 000* or more 

Either agglomerating* 
or non-weathermg/ 


4. High volatile B bituminous coal. 

Moist* Btu, 13,000 or more and less 
than 14,000* 



S High volatile C bituminous Coal.. 

Moist Btu, 11,000 or more and less 
than 13,000* 


1 

1 Siib-bitiiminonfl A tsoal 

Moist Btu, 11,000 or more and less 
than 13,000* 

Moist Btu, 9500 or more and less 
than 11,000* 


in. Sub-bitummousJ 

2. Snh-hit.nminnns B nnal 

Both weathering and 

1 


non-agglomeratmg* 

1 

3. Sub-bitununous C coaL.™ 

Mo^t Btu, 8300 or more and less 
than 9500* 


\ 



c 

1 T.igrni+,e 

Moist Btu less than 8300 

Consohdated 

IV. Lignitio •] 

2 . Brown coal 

Moist Btu less than 8300 

TJnconsoUdated 

( 



“This classification does not include a few coals which have xmusual physical and che m ical properties 
and which come within the limits of fixed carbon or Btu of the high-volatile bituminous and sub-bituminous 
ranks. All of these coals either contain less than 48 per cent dry, mineral-matter-free fixed carbon or have 
more than 15,500 moist, mineral-matter-free Btu. 

^If agglomerating, classify in low-volatile group of the bituminous class. 

“Moist Btu refers to coal containing its natural bed moisture but not including visible water on the 
surface of the coal. 

‘*It is recognized that there may be non-caking varieties in each group of the bituminous class. 

•Coals having 69 per cent or more fixed carbon on the dry, mineral-matter-free basis shall be classified 
according to fixed carbon, regardless of Btu. 

■^There are three varieties of coal in the high-volatile C bituminous coal group, namely. Variety 1, 
agglomerating and non-weathering; Variety 2, agglomerating and weathering; Variety 3, non-agglomerating 
and non-weathering. 

Adapted from A.S,T.M, Standards, 1937, Supplement, p. 146, American Society for Testing Materials, 
Philadelphia. 


CLASSfflCATION OF COBES 

Coke is produced by the distillation of the volatile matter from coal. The type of 
coke depends on the coal or mixture of coals used, the temperatures and time of distil- 
lation and, to some extent, on the type of retort or oven; coke is also produced as a 
residue from the destructive distillation of oil. 

Highrtemperature cokes. Coke as usually available is of the high-temperature type, 
and contains between 1 and 2 per cent volatile matter. High-temperature cokes are sub- 
divided into beehive coke of which comparatively little is now sold for domestic use, by- 
product coke, which covers the greater part of the coke sold, and gas-house coke. The 
differences among these three cokes are relatively small; their denseness and hardness 
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decrease and friability increases in the order named. In general, the lighter and more 
friable cokes ignite and burn the more easily. 

Low-temperature cokes are produced at low coking temperatures, and only a portion 
of the volatile matter is distilled off. Cokes as made by various processes under develop- 
ment have contained from 10 to 15 per cent volatile matter. In general, these cokes 
Ignite and burn more readily than high-temperature cokes. The properties of various 
low-temperature cokes may differ more than those of the various high-temperature cokes 
because of the differences in the quantities of volatile matter and because some may be 
light and others briquetted. 

Petroleum cokes, which are obtained by coking the residue left from the distillation of 
petroleum, vary in the amount of volatile matter they contain, but all have the common 
property of a very low ash content, which necessitates the use of refractory pieces to 
protect the grates from being burned. 

FIRING METHODS FOR ANTHRACITE 

An anthracite fire should never be poked or disturbed, as this serves 
to bring ash to the surface of the fuel bed where it may melt into clinker. 

Egg size is suitable for large fire-pots (grates 24 in. and over) if the fuel 
can be fired at least 16 in. deep. For best results this coal should be fired 
deeply. 

Stove size coal is the proper size of anthracite for many boilers and 
furnaces used for heating buildings. It burns well on grates at least 16 in. 
in diameter and 12 in. deep. The fuel should be fired deeply and uniformly. 

Chestnut size coal is in demand for fire-pots up to 20 in. in diameter, with 
a depth of from 10 to 15 in. 

Pea size coal is often an economical fuel to burn. When fired carefully, 
pea coal can be burned on standard grates. Care should be taken to 
shake the grates only until the first bright coals begin to fall through the 
grates. The fuel bed, after a new fire has been built, should be increased 
in thickness by the addition of small charges until it is at least level with 
the sill of the fire-door. A satisfactory method of firing pea coal consists 
of drawing the red coals toward the front end and piling fresh fuel toward 
the back of the fire-box. 

Pea size coal requires a strong draft and therefore the best results 
generally will be obtained by keeping the choke damper open and regu- 
lating solely by means of the cold air check and the air inlet damper. As 
a precaution against clinker, adjust the air inlet damper so that it can 
never be completely closed. 

Buckwheat size coal for best results requires more attention than pea 
size coal, and in addition the smaller size of the fuel makes it more difficult 
to burn on ordinary grates. Greater care must be taken in shaking the 
grates than with the pea coal on account of the danger of the fuel falling 
through the grate. In house heating furnaces the coal should be fired 
lightly and more frequently than pea coal. When banking a buckwheat 
coal fire it is advisable after coaling to expose a small spot of hot fire by 
putting a straight poker down through the bed of fresh coal. This will 
serve to ignite the gas that will be distilled from the fresh coal and prevent 
delayed ignition within the fire-pot, which in some cases, depending upon 
the thickness of the bed of fresh coal, is severe enough to blow open the 
doors and dampers of the furnace. Where frequent attention can be given 
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and care exercised in manipulation of the grates this fuel can be burned 
satisfactorily without the aid of any special equipment. 

In general it will be found more satisfactory with buckwheat coal to 
maintain a uniform heat output and consequently to keep the system 
warm all the time, rather than to allow the system to cool off at times and 
then to attempt to burn the fuel at a high rate while warming up. A uni- 
form low fire will minimize the clinker formation and keep the clinker in 
an easily broken up condition so that it readily can be shaken through 
the grate. 

Forced draft and small mesh grates are frequently used for burning 
buckwheat anthracite. For greater convenience, domestic stokers are 
used. 

Buckwheat anthracite No. 2, or rice size, is used principally in stokers 
of the domestic, commercial and industrial type. No. 3 buckwheat 
anthracite, or barley, has no application in domestic heating. 

Standard anthracite sizing specifications are shown in Table 6^. 

FIRING METHODS FOR BITUMINOUS COAL 

A commonly recommended procedure for firing domestic heating units, 
called the side-bank method, requires the movement of live coals to one 
side or the back of the grate, and placing the fresh fuel charge on the 
opposite side. The results are a more uniform release of volatile gases, 
and the subjection of these gases to the high temperature of the red coals. 
If the fresh charge is covered with a layer of fine coal, still better results 
may be obtained because of slower release of volatile matter. 

Bituminous coal should never be fired over the entire fuel bed at one 
time. A portion of the glowing fuel should always be left exposed to 
ignite the gases leaving the fresh charge. 

The importance of firing bituminous coal in small quantities at short 
intervals is discussed in a U. S. Bureau of Mines technical paper®. Better 
combustion is obtained by this method in that the fuel supply is main- 
tained more nearly proportional to the air supply. 

If the coal is of the caking kind the fresh charge will fuse into one solid 
mass which can be broken up with the stoking bar and leveled from 20 
min to one hour after firing, depending on the temperature of the fire-box. 
Care should be exercised when stoking not to bring the bar up to the 
surface of the fuel as this will tend to bring ash into the high temperature 
zone at the top of the fire, where it will melt and form clinker. The 
stoking bar should be kept as near the grate as possible and should be 
raised only enough to break up the fuel. With fuels requiring stoking it 
may not be necessary to shake the grates, as the ash is usually dislodged 
during stoking. 

It is acknowledged that it may be difficult to apply the outlined 
methods to domestic heating boilers of small size, especially when frequent 
attendance is impractical. The adherence to these methods insofar as 
practical, however, will result in better combustion. 


^Approved and adopted by Anthractte Commtttee, State Street Building, Hamsburg, Pa. 
®Loc. Cit. Note 1. 
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The output obtained from any heater with bituminous coal will usually 
exceed that obtained with anthracite, since bituminous coal burns more 
rapidly than anthracite and with less draft. Bituminous coal, however, 
will usually require frequent attention to the fuel bed. 

FIRING METHODS FOR SEMI-BITUMINOUS COAL 

The Pocahontas Operators' Association recommends the central cone 
method of firing, in which the coal is heaped on to the center of the bed 
forming a cone, the top of which should be level with the middle of the 


Table 6. Standard Anthracite Sizing Specifications 


Size 

Test Mesh, 

In. 

Round Mesh 

Oversize Undersize 

Maximum 

Impurities, 

Per Cent 

Through 

Over 

Maximum, 
Per Cent 

Max 

Per Cent 

Min. 
Per Cent 

Slate® 

Bone 

Broken 


ZH 


15 


IJ^ 

2 

Egg. 

3j|to3 

2% 

5 

15 

ry 


2 

Stove 

2% 

IH 

7 y 2 

12J4 

7 M 

2 

3 

Nut.-... 



7H 

10 

5 

3 

4 

Pea 


% 

10 

15 

7 H 

4 

5 

Buckwheat 

%, 

% 

10 

15 

7 y 

12 Ash 

Rice.- - 

% 

% 

10 

15 

7 y 

13 Ash 

Barley. 



10 

20 

10 




•When slate content on Broken to Pea inclusive is less than above standards, bone content may be cor- 
respondingly increased, but slate content specified above shall not be exceeded in any event and the total 
maximura impurities shall not exceed those above specified. 


firing door. This allows the larger lumps to fall to the sides, and the fines 
to remain in the center and be coked. The poking should be limited to 
breaking down the coke without stirring, and to gently rocking the grates. 
It is recommended that the slides in the firing door be kept closed, as the 
thinner fuel bed around the sides allows enough air to get through. 

FIRING METHODS FOR COKE 

Coke ignites less readily than bituminous coal and more readily than 
anthracite and bums rapidly with little draft. In order to control the air 
admitted to the fuel it is very important that all openings or leaks into 
the ashpit be closed tightly. A coke fire responds rapidly to the opening 
of the dampers. This is an advantage in warming up the system, but it 
also makes it necessary to watch the dampers more closely in order to 
prevent the fire from burning too rapidly. In order to obtain the same 
interval of attention as with other fuels a deep fuel bed always should be 
maintained when burning coke. The grates should be shaken only 
slightly in mild weather and should be shaken only until the first red 
particles drop from the grates in cold weather. The best size of coke for 
general use, for small fire-pots where the fuel depth is not over 20 in., is 
that which passes over a 1 in. screen and through a in. screen. For 
large fire-pots where the fuel can be fired over 20 in. deep, coke which 
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passes over a 1 in. screen and through a 3 in. screen can be used, but a 
coke of uniform size is always more satisfactory. Large sizes of coke 
should be either mixed with fine sizes or broken up before using. 

FURNACE VOLUME 

The principal requirements for a hand-fired furnace are that it shall have 
enough grate area and correctly proportioned combustion space. The 
amount of grate area required is dependent upon the desired combustion 
rate. 

The furnace volume is influenced by the kind of coal used. Bituminous 
coals, on account of their long-flaming characteristic, require more space 
in which to burn the gases of combustion completely than do the coals 
low in volatile matter. For burning high volatile coals provision should 
be made for mixing the combustible gases thoroughly, so that combustion 
is complete before the gases come in contact witJi the relatively cool 
heating surfaces. An abrupt change in the direction of flow tends to mix 
the gases of combustion more thoroughly. Anthracite requires very 
little combustion space. 

DUSTLESS TREATMENT OF COAL 

The practice of treating the more friable coals to allay the dust they 
create is increasing. The coal is sprayed with various petroleum products, 
a solution of calcium chloride or a mixture of calcium and magnesium 
chlorides. 

The coal is usually treated at the mine, but sometimes by the local 
distributor just before delivery. The salt solutions are sprayed under 
high pressure, using from 2 to 4 gal or from 5 to 10 lb of the salt per ton of 
coal, depending on its friability and size. Oil for the dustless treatment 
of coal is also applied under high pressure, in concentrations of 1 to 8 qt 
per ton of coal, depending upon the characteristics of the coal and oil. 

Dustless treatments which are of such a corrosive nature that they may 
damage coal handling or burning equipment should not be used. 

CLASSIFICATION OF OILS 

The Commercial Standard Specifications for Fuel Oils (CS 12-40) of 
the U. S. Department of Commerce are given in Table 7. These speci- 
fications conform with American Society for Testing Materials Tentative 
Specifications for Fuel Oils D396-38T. 

The specific gravity of oil is of interest in its relationship to the calorific 
value and these data are given in Table 8. 

COMBUSTION OF OIL 

With oil, as with any kind of fuel, efficient heat production requires 
that all combustible matter in the fuel shall be completely consumed and 
that it shall be done with a minimum of excess air. The combustion of 
oil is a rather rapid chemical reaction. Excess air provides an over supply 
of oxygen so that all of the oil will be completely oxidized and thus 
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produce all the heat possible. The use of unreasonable quantities of air 
in excess of theoretical combustion requirements results in lowered 
efficiencies due to increased stack losses. Such losses, if not accompanied 
by unburned products of combustion may be offset somewhat by in- 
creasing the secondary heating surfaces of the heat absorbing medium 
boiler or furnace. 

Oil is a highly concentrated fuel composed mainly of hydrogen and 
carbon. In its liquid form oil cannot burn. It must be converted into a 
gas or vapor by some means. If the excess air is to be kept within efficient 
limits, air must be supplied in carefully regulated quantities. The air 
and oil vapor must be thoroughly mixed to get a rapid and complete 
chemical reaction. The better the mixing, the less excess air will be 
needed. The combustion must take place in a space that maintains the 
temperatures high so the reaction will be completed. 


Table 8. Approximate Gravity and Calorific Value of 
Standard Grades of Fuel Oil 


COUUBRCIA.L 

Standard No. 

Approximate Gravitt, 

Range Bauue 

Calorific Valot 

Bttt Psb Gallon 

1 

38-40 

136,000 

2 

34-36 

138,500 

3 

28-32 

141,000 

5 

18-22 

148,500 

6 

14-16 

152,000 


CLASSIFICATION OF GAS 

Gas is broadly classified as being either natural or manufactured. 
Natural gas is a mechanical mixture of several combustible and inert 
gases ratiier than a chemical compound. Manufactured gas as dis- 
tributed is usually a combination of certain proportions of gases produced 
by two or more processes. Representative properties of gaseous fuels 
commonly used in domestic heating are presented in Table 9. 

Natural gas is the richest of the gases and contains from 80 to 95 
per cent metihane, with small percentages of the other combustible 
hydrocarbons. In addition, it contains from 0.5 to 5.0 per cent of CO 2 , 
and from 1 to 12 or 14 per cent of nitrogen. The heat value varies from 
1000 to 1200 Btu per cubic foot, the majority of natural gases averaging 
about 1000 Btu per cubic foot. Table 9 shows typical values for the 
four main oil fields, although values from any one field vary materially. 

Table 9 also gives the calorific values of the more common types of 
manufactured gas. Most states have legislation which controls the distri- 
bution of gas and fixes a minimum limit to its heat content. The gross 
or higher calorific value usually ranges between 520 and 545 Btu per cubic 
foot, with an average of 535. A given heat value may be maintained and 
yet leave considerable latitude in the composition of the gas so that as 
distributed the composition is not necessarily the same in different dis- 
tricts, nor at successive times in the saine district. However, in any 
community the variations in gas composition are held within suitable 
limits so that the performance of approved gas appliances will not be 
adversely affected. 
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COMBUSTION OF GAS 

The majority of gas burners utilized in central domestic heating plants 
are of the Bunsen type and operate with a non-luminous flame. In this 


Table 9. Representative Properties of Gaseous Fuels. 
Based on Gas at 60 F and 30 in. Hg. 


Gis 

Bru PER Ctr Ft 



Products of 

' Combustion 



High 

Low 

Specific 
Gravity, 
Air = 
1.00 

Air 

FOR Combus- 
tion, 

(On Ft) 

Cubic Feet 

Ulti- 

mate 

CO 2 

Dry 

Basis 

TURuttJKillOAJL 

Flame Tem- 
perature, 
(dbg F) 


(Gross) 

(Net) 

COi 

EiO 

Total 

with 

N2 

Natural gas — 
California 

1200 

1087 

0.67 

11.26 

1.24 

2.24 

12.4 

12.2 

3610 

Natural gas — 
Mid-Conti- 
nental 

967 

873 

0.57 

9.17 

0.97 

1.92 

10.2 

11.7 

3580 

Natural gas — 
Ohio 

1130 

1025 

0.65 

10.70 

1.17 

2.16 

11.8 

12.1 

3600 

Natural gas^ — 
Pennsylvania 

1232 

1120 

0.71 

11.70 

1.30 

2.29 

12.9 

12.3 

3620 

Retort coal gas 

575 

510 

0.42 

5.00 

0.50 

1.21 

5.7 

11.2 

3665 

Coke oven gas 

588 

521 

0.42 

5.19 

0.51 

1.25 

5.9 

11.0 

3660 

Carbureted 
water gas 

536 

496 

0.65 

4.37 

0.74 

0.75 

5.0 

17.2 

3815 

Blue water gas 

308 

281 

0.53 

2.26 

0.46 

0.51 

2.8 

22.3 

3800 

Anthracite pro- 
ducer gas 

134 

124 

0.85 

1.05 

0.33 

0.19 

1.9 

19.0 

3000 

Bituminous 
producer gas 

150 

140 

0.86 

1.24 

0.35 

0.19 

2.0 

19.0 

3160 

Oil gas 

575 

510 

0.35 

4.91 

0.47 

1.21 

5.6 

10.7 

3725 


type of burner part of the air required for combustion is mixed with the 
gas as primary air, the air and gas mixture being fed to the burner ports. 
Additional secondary air is introduced around the flame by draft inspi- 
ration. In the luminous flame burner, which is sometimes used, all of the 
air for combustion is brought in contact with the flame as secondary air. 
This secondary air should be brought into intimate contact with the gas. 

Some makes of burners use radiants or refractories to convert some of 
the ener^ in the gas to radiant heat. The radiants also serve as baffles 
in directing the flow of the products of combustion. 

The quantity of air given in Table 9 is that required for theoretical 
combustion, but with a properly designed and installed burner the excess 
air can be kept low. In order to insure freedom from carbon monoxide 
under conditions which may obtain in installations, it is customary to 
design gas burning appliances for a supply of 30 to 35 per cent of excess 
air. In individual installations in which flue gas analyses are made, the 
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excess air is sometimes reduced to approximately 20 per cent. The 
division of the air into primary and secondary is a matter of burner 
design, the pressure of gas available, and the type of flame desired. 

The air gas ratio has a decided effect upon flame propagation. It is 
necessary that the gas will flow out of the burner ports fast enough so that 
the flame cannot travel back into the burner head, flash back^ but the 
velocity must not be so high that it blows the flame away from the port. 

The maximum and minimum flow speeds from burner ports which may 
be permitted are known to be very close together when air-gas mixtures 
in theoretical proportions are being supplied to the burner. As the air-gas 
ratio is lowered, and the mixture becomes more gas rich, the limiting 
speeds become farther apart, until with 100 per cent gas, in an all-yellow 
flame, flash back cannot occur and a much higher velocity is needed to 
blow off the flames. 


SOOT 

The deposit of soot on the flue surfaces of a boiler or heater acts as an 
insulating layer over the surface and reduces the heat transmission to the 
water or air. The Bureau of Mines Report of Investigations No. 3272® 
shows that the loss of seasonal efficiency is not so great as has been 
believed and usually is not over 6 per cent because the greater part of the 
heat is transmitted through the combustion chamber surfaces. The 
Bureau of Standards Report BMS 54^ points out that, although the 
decrease in efficiency of an oil fired boiler due to soot deposits is relatively 
small the attendant increase in stack temperature may be considerable. 

The soot accumulation clogs the flues, reduces the draft, and may 
prevent proper combustion. 

CONDENSATION AND CORROSION 

Sulphur dioxide or trioxide formed by the combustion of fuels is the 
corroding element in flue gases and becomes active whenever moisture is 
available for tlie jformation of sulphurous or sulphuric acid. It is ^ere- 
fore necessary to maintain a flue gas temperature above 175 F in all 
parts of appliances, and consequently it is not practicable to recover the 
latent heat in flue gases. Since some unpreventable condensation occurs 
during the warming-up period, it is important to design appliances so 
that all surfaces reach quickly a temperature above the dew-point of the 
flue gases or have corrosion resistant properties enabling them to with- 
stand the corrosive effect. 
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CHAPTER 9 


C^Limne^S and C^aicuiatloni 


Natural Draft, Mechanical Draft, Draft Control, Characteristics 
of Natural Draft Chimneys, Determining Chimney Sizes, 
General Equation, Domestic Chimneys, Construction Details, 
Chimneys for Gas Heating 


A DRAFT, in the older sense, is a current of air and the draft of a 
furnace or boiler is that air current which flows through the fire-box 
and furnishes the oxygen for combustion. In engineering, however, the 
word draft has come to mean that pressure difference which causes this 
air current to flow and the word will be used in this sense in this chapter. 

Draft is usually measured in inches of water and it is proper to speak 
of the draft in the fire-box or in the smoke breeching, etc., meaning the 
difference in pressure between the gases within and the air without those 
parts of a system. Draft is called positive when the pressure within such 
a part is less than that outside. 

Draft is classified as natural and mechanical, depending on whether it 
is produced by a chimney or by a blower, and mechanical draft is further 
classified as induced or forced, depending on whether the air is drawn 
through or forced through the combustion chamber. 

Chimneys can serve both to create a draft and to dispose of combustion 
products at a desirable height. For the latter purpose, chimneys, stacks, 
or, in the case of ships, funnels, are used in conjunction with mechanical- 
draft systems. 


THEORETICAL DRAFT 

If the air in one of two equal chimneys is heated while that in the other 
is not, the air in the heated chimney will be less heavy than that in the 
other chimney and a manometer or other pressure gage connecting the 
two at the bottom will indicate a pressure difference, called natural draft. 
The pressure of the air at the tops of the two chimneys will be equal, so 
that the pressure difference between them at the bottom will depend only 
on their height and the difference in density of the air they contain. The 
density of the air in either chimney is inversely proportional to its absolute 
temperature, so that the difference in pressure between them at the 
bottom will be proportional to their height and to the difference between 
the reciprocals of the absolute temperatures within them. 

The pressure at the bottom of an unheated (and uncooled) chimney 
will be the same as that of the air outside, so that the unheated chimney 
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can be dropped from the foregoing illustration. The manometer reading 
will be the same if its free connection is left open to the atmosphere. 

These considerations in conjunction with those of barometric pressure 
and the difference in density of flue gases from that of air lead to the 
following formula: 

Dt = 2.96 -ff-Bo (1) 

where 

H = height of chimney, feet. 

Bo = existing barometric pressure, inches of mercury. 

Wo = density of air at 0 F and 1 atmosphere pressure, pounds per cubic foot. 

Wc — density of flue gas at 0 F and 1 atmosphere pressure, pounds per cubic foot. 

To = temperature of air surrounding the chimney, degrees Fahrenheit absolute. 

Fc = average or effective temperature of the gases in the chimney, degrees Fahren- 
heit absolute. 

The quantity Du yielded by the formula, is the pressure difference 
between the gas inside and air outside of the chimney, in inches of water, 
when no flow occurs in the chimney. The quantity is variously known 
as the theoretical draft, the static draft or the computed draft. It is very 
useful in predicting and analyzing chimney performance, but it is seldom 
if ever attained in an actual chimney on account of the friction incident 
to gas flow, wind effects, etc. 


AVAILABLE DRAFT 

The available draft, Dg^yfor large chimneys and stacks has been estimated 
with apparent satisfaction in the past by means of formulae which in 
effect deduct an estimated friction loss from a theoretical draft deter- 
mined as in Equation 1. The friction loss can be estimated by means 
of one of the formulae available for ducts, such as the Fanning equation. 
This procedure results in formulae for the available draft as follows: 

For a cylindrical stack: 

r. f^o Wc\ 0.00126 Wc/F 

Da - 2.96 HBo 

and for a rectangular stack: 

7). - 2.96 0.00°388_^r..g(, + ,) 

\To TcJ xy^ Bo Wc ' 


Pa = available draft, inches, water gage. 

H — height of chimney above grate, feet. 

Bo existing barometric pressure, inches of mercury. 

Wo = density of air at 0 F, 1 atmosphere pressure. 

Wc = density of flue gas at 0 F, 1 atmosphere pressure. 

To — temperature of atmosphere, degrees Fahrenheit absolute. 

Tc - temperature of flue gas, degrees Fahrenheit absolute. 

W = flue gas flow rate, pounds per second. 

/ = coefficient of friction. 

L = length of friction, duct ( — H approximately), feet. 

D = minimum diameter of round chimney, feet. 

X and y ~ length and width of cross-section of rectangular chimney, feet. 
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The following notes are intended to facilitate the use of Equations 
2 and 3. 

1. The barometric pressure^ represented by Bq, is the actual pressure at the site of the 
chimney and not the pressure reduced to sea level datum. 

In general, the barometric pressure decreases approximately 0.1 in, Hg per 100 ft 
increase in elevation. 

2. The unit weight of a cubic foot of chimney gases at 0 F and sea level barometric 
pressure is given by the equation: 

Wc = 0.131 CO 2 + O.O 95 O 2 + 0.083iV2 (4) 

In this equation CO 2 , O 2 and N 2 represent the percentages of the parts by volume of the 
carbon dioxide, oxygen and nitrogen content, respectively, of the gas analysis. For 
ordinary operating conditions, the value of Wc may be assumed at 0.09. 

The density effect on the chimney gases due to superheated water vapor resulting 
from moisture and hydrogen in the fuel, or due to any air infiltrations in the chimney 
proper are disregarded. Though water vapor content is not disclosed by Orsat analysis, 
its presence tends to reduce the actual weight per cubic foot of chimney gases. 

3. The atmospheric temperature is the actual observed temperature of the outside air 
at the time the analysis of the operating chimney is made. The mean atmospheric 
temperature in the temperate zone is approximately 62 F. 

4. The chimney gas temperature decreases from the breeching connection to the top of 
the stack. This drop in temperature depends upon the material and construction of the 
stack, its tightness or freedom from leaks, its area, its height, and the velocity of the 
gases through it. The same chimney will suffer different temperature losses depending 
upon the capacity under which it is working and the variable atmospheric conditions. 
No general equation covering all these variables has been suggested, but from observa- 
tions on cliimneys varying in diameter from 3 to 16 ft and in height from 100 to 250 ft 
the following equation was deduced^: 


3.13 Ti 


[(f)- 

Hb - 3 


T\ = absolute temperature at the center of the connection from the breeching, 
degrees Fahrenheit. 

jHb == the height of the stack above center line connection to breeching, feet. 

5. The coefficient of friction between the chimney gases and a sooted surface has been 
taken by many workers in this field as a constant value of 0.016 for the conditions in- 
volved. This value, of course, would be less for a new unlined steel stack than for a 
brick or brick-lined chimney, but in time the inside surface of all chimneys regardless of 
the materials of construction becomes covered with a layer of soot, and thus the coef- 
ficient of friction has been taken the same for all types of chimneys and in general 
constant for all conditions of operation. For reasons of simplicity and convenience to 
the reader, this constant value of 0.016 has been employed in the development of the 
various special equations and charts shown in this chapter. 

In important chimney design, especially when the construction or the materials are 
unusual, it is recommended that use be made of Reynolds’ number® in determining the 
friction factor, /. 

To illustrate the use of Equation 2, the following problem is solved 
by its use. 

Example 1. Determine the available draft of a natural draft chimney 200 ft in height 
and 10 ft in diameter operating under the following conditions: atmospheric tempera- 


iNotes on Power Plant Design, by E. F. Miller and James Holt (MassachuseUs Institute of Technology, 
1930). 

^For more complete discussion see Flow of Fluids in Closed Conduits, by R. J. S. Pigott (Mechanical 
Engineering, August, 1933). 
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ture, 62 F ; chimney gas temperature, 500 F ; sea level atmospheric pressure, Bo — 29.92 
in. Hg; atmospheric and chimney gas density, 0.0863 and 0.09, respectively; coefficient 
of friction, 0.016; length of friction duct, 200 ft. The chimney discharges 100 lb of 
gases per second. 

Substituting these values in Equation 2 and reducing: 


Da = 2.96 X 200 X 29.92 X 


0.09 \ 0.00126 X 1002 y 960 X 0.016 X 200 

960 / W X 29.92 X 0.09 


= 1.27 - 0.14 = 1.13 in. 


Fig. 1 shows the variation in the available draft of a typical 200 ft by 
10 ft chimney operating under the general conditions noted in Example 1. 
When the chimney is under static conditions and no gases are flowing, the 



Fig. 1. Typical Set of Operating Characteristics of a Natural Draft Chimney 

available draft is equal to 1.27 in. of water, the theoretical intensity. As 
the amount of gases flowing increases, the available draft decreases until 
it becomes zero at a gas flow of 297 lb per second, at which point the draft 
loss due to friction is equal to the theoretical intensity. The point of 
maximum draft and zero capacity is called shut-off draft, or point of 
impending delivery, and corresponds to the point of shut-off head of a 
centrifugal pump. The point of zero draft and maximum capacity is 
called the wide open point and corresponds to the wide open point of a 
centrifugal pump. A set of operating characteristics may be developed 
for any size chimney operating under any set of conditions by substituting 
the proper values in Equation 2 and then plotting the results in the 
manner shown in Fig. 1. 

Fig. 2 is a typical chimney performance chart giving the available draft 
for various gas flow rates and sizes of chimney. This chart is based on an 
atmospheric temperature of 62 F, a chimney gas temperature of 500 F, 
a unit chimney gas weight of 0.09 lb per cubic foot, sea level atmospheric 
pressure, a coefficient of friction of 0.016, and a friction duct length equal 
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to the height of the chimney above the grate level. These curves may be 
used for general operating conditions. For specific conditions, a new chart 
may be prepared from Equation 2 or 3. 

DETERMINING CfflMNEY SIZES 

If the required performance for a proposed chimney is known and if 
a chimney-gas velocity is assumed^ Equation 2 can be transposed to yield 



.001 .002 .003 .004 .005 .006 

Available Draft per Ft of Height, in. of Water 


To solve a typtcal example: Proceed horizontally from a Weight Flow 
Rate point to intersection with diameter line; from this intersection 
follow vertically to chimney height line; from this intersection follow 
horizontally to the right to Available Draft scale. Starting from a point 
of Available Draft, take steps in reverse order. 

Fig. 2. Chimney Performance Chart 


the necessary height and an equation can be developed for the required 
diameter. These operations result in the following equations: 


H - 


Dr 


O.l^fWcBoV^ 
TcD 


The weight of gas per second, W = 12.075 ^ from which 


( 6 ) 
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D = 0.288 (7) 

where 

H = required height of chimney above grate, feet. 

D = required minimum diameter of chimney, feet. 

F “ chimney gas velocity, feet per second. 
r>r = total required draft. 


For large chimneys, it is usual to assume that total construction cost 
is least when the product HD (height X diameter) is minimum. On this 
assumption, the product of Equations 6 and 7 can be differentiated and 
the differential set equal to zero to find the minimum. Solution for 
velocity then yields the following equation : 


Fe 


^ 0.772Tc 1 

(Wo 

KTo To) 


1 WTc > 

BoWc 

\ fWc } 


2/5 


( 8 ) 


where Fe = economical chimney gas velocity, feet per second. 


Equations 6, 7 and 8 can of course be simplified if values are assumed 
for some of the factors in it. Some typical figures for boiler plants are 
as follows : 


Average chimney gas temperature 600 F 

Average atmospheric temperature 62 F. 

Average coefficient of friction 0.016 

Average chimney, gas density, 0 F, 1 Atmosphere 
Barometer reading, sea level 


..Tc = 960 F absolute 
.. To = 522 F absolute 
- 0.016 

Wq. = 0.09 lb per cubic foot 
..Bo = 29.92 in. Hg 


When these values are substituted in Equations 8, 7 and 6 respectively, 
the results are : 

Fe = 13.7PF1/® (9) 

D = 1.5TF2/6 (10) 

H = mDr ( 11 ) 


Fig. 3 gives the economical chimney sizes for various amounts of gases 
flowing and for required draft intensities computed from Equations 9, 
10 and 11. They are baised on the operating factors used in reducing 
Equations 6, 7 and 8 to their simpler form. The sizes shown by the 
curves in the chart should be used for general operating conditions only, 
or for installations where the required data necessary for an exact deter- 
mination are difficult or impossible to secure. Whenever it is possible to 
secure accurate data, or the anticipated operating conditions are fairly 
well known, the required size should be determined from Equations 6, 
7 and 8. 

The recommended minimum inside dimensions and heights of chimneys 
for small and medium size installations are given in Table 1. 


FACTORS AFFECTING REQUIRED DRAFT 

The foregoing considerations deal with chimney size selection when the 
required draft and flue gas volume and temperature are known. The 
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required draft is, of course, equal to the sum of all the resistances to gas 
flow from the ash pit door to and including the chimney connection. 

Fig. 4 presents information on the fuel-bed draft loss for various kinds 
of coal burned at different rates and rough generalizations can be given 
for the losses in the flue passages of boiler or furnace, but, on account of 


Height of Chimney, ft 



Fig. 3. Economical Chimney Sizes 


the great differences in such devices, more reliable data on their flue gas 
volume temperature and flue resistance should be obtained for design 
purposes from their respective manufacturers. 

Flue gases encounter resistance to flow in breechings or smoke pipes 
and this can probably be treated with sufficient accuracy by means of the 
method used for air ducts. (See Chapter 32). The friction in straight 
ducts can be estimated by means of the last terms of foregoing Equations 
2 and 3. 

Also, the temperature of flue gases falls during passage through breech- 
ings or flue pipes. For uninsulated surfaces this probably can be ade- 
quately estimated by assuming a loss of heat from the flue gas of 3 Btu per 
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hour per square foot for each degree Fahrenheit temperature difference 
between the gases and surrounding air. 

DOMESTIC CHIMNEYS 

Experience has shown that the chimney sizes given in Table 1 are in 
general adequate for heating boilers and furnaces with the capacities 
indicated, when such devices are hand fired and that chimneys of these 
sizes are likely to be architecturally congruous with houses or buildings 
which require heating devices of such capacities. 

Sometimes it is desirable to use a smaller or shorter chimney than that 
indicated in Table 1. In such cases it is necessary to estimate whether 



POUNDS OF COAL BURNED PER SQ FT OF GRATE SURFACE PER HOUR 

Fig. 4. Draft Required at Different Rates of Combustion 
FOR Various Kinds of Coal 

a chimney of limited height can be made to produce sufficient draft in 
the particular case or whether mechanical draft must be employed. 

It should be remembered that mechanically fired devices, oil burners 
and stokers, are equipped with blowers so that, with these devices, the 
chimney is not required to overcome the resistance of a fuel bed. Never- 
theless, a draft in the fire box, of about 0.03 in. of water is considered 
desirable so that any small openings in the fire box or flue passages will 
result in leakage of air in, and not leakage of combustion products out, 
of such parts. This is not to be taken to condone leaks in fire boxes. 
Such leaks adversely affect plant efficiency. 

OBSERVED TEST PERFORMANCE 

The observed performances of some brick chimneys are given in 
Tables 2 and 3®. 

The tests on which these data are based were made at various outside 


^Observed Performance of Some Experimental Chimneys, by R S. Dill, P. R. Achenbach and J. T. Duck 
(A.S H.V E. Transactions, Vol. 48, 1942, p 351). 
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temperatures as shown and, to make them comparable among themselves, 
the observed drafts were corrected to 32 F, 1 atmosphere pressure, by 
the formula: 

(92 = Oi + 52 - 5i (12) 

where 

S\ = computed static (theoretical) draft, experimental conditions. 

52 = computed static (theoretical) draft, standard conditions. 

(9i = observed draft, experimental conditions. 

(92 = observed draft corrected to standard conditions. 


Table 1. Recommended Minimum Chimney Sizes for 
Heating Boilers and Furnaces^ 


Warm Air 
Furnace 
Capacity 
IN Sq In. 
OF Leader 
Pipe 

Steam 
Boiler 
Capacity 
Sq Ft 

OF Radi- 
ation 

Hot 
Water 
Heater 
Capacity 
Sq Ft 

OF Radi- 
ation 

Nominal 
Dimen- 
sions OF 
Fire Clay 
Lining 
in Inches 

RECTANGXH.AR FLUE 

Round Flue 

Height 
IN Ft 
Above 
Grate 

Actual 
Inside 
Dimensions 
of Fire Clay 
Limng 
in Inches 

Actual 

Area 

Sq In. 

i 

Inside 
Diam- 
eter of 
Limng 
in 

Inches 

1 

Actual 

Area 

Sq In. 

790 

590 

973 

8}^xl3 

7x11^ 

81 



35 

1000 

690 

1,140 




10 

79 



900 

1,490 

13x13 


127 





900 

1,490 

8Hxl8 

6Mxl6J4 

110 





1,100 

1,820 




12 

113 

40 


1,700 

2,800 

13x18 


183 





1,940 

3,200 




15 

177 



2,130 

3,520 

18x18 


248 





2,480 

4,090 

20x20 

17Jixl7J4 

298 



45 


3,150 

5,200 




18 

254 

50 


4,300 

7,100 




20 

314 



4,600 

7,590 

20x24 

17x21 

357 





5,000 

8,250 

24x24 

21x21 

441 



55 


5,570 

9,190 


24x24'> 

576 



60 


5,580 

9,200 




22 

380 



6,980 

11,500 




24 

452 

65 


7,270 

12,000 


24x28b 

672 





8,700 

14,400 


28x28i> 

784 





9,380 

15,500 




27 

573 



10,150 

16,750 


30x30>> 

900 





10,470 

17,250 


28x32b 

896 





•This table is taken from the A.S.H.V.E. Code of Minimum Requirements for the Heating and Venti- 
lation of Buildings (Edition of 1929). 

bDimensions are for unlined rectangular flues. 


It will be noted that the observed draft exceeded the computed static 
draft during some observations on the shorter chimneys. This is mainly 
attributed to the draft producing effect of the hot gases immediately 
above the chimney. By means of a manometer it was found that a 
measurable draft existed in this gas column for some distance above the 
chimney top. However, the temperatures in the chimney were measured 
with unshielded thermocouples and the actual gas temperatures may have 
been higher for this reason than the observed temperatures on which the 
computations of draft were based. The tests were made in calm weather. 
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•Actual inside dimensions of flue lining X in. 

*>Corrected for outside temperature 32 F. Barometer 29.92 in. Hg. 

gnl per hour of fuel oil burned with 10 per cent COi produces 18.4 cfm or 1.38 lb per minute of flue gases (corrected to 70 F, 1 atmosphere pressure); 11^ gal per 
hour of fuel oil burned with 8 per cent COi produces 67.5 cfm or 6.06 lb per minute of flue gas (corrected to 70 F, 1 atmosphere pressure). 




Table 3. Temperature and Draft in 9 in. by 13 in. Masonry Chimney^ 
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Tests were made at the National Bureau of Standards to find the draft 
produced by round, metal smoke pipe set in a vertical position to act as 
chimneys. Curves are presented in Fig. 5 showing the computed static 
or theoretical draft for short chimneys for various heights and tem- 
peratures. For this purpose, the density of chimney gases was assumed 
to be the same as that of air at the same condition, since the error thus 
introduced was not considered important in this case. The results of the 
tests showed that the following procedures would yield the available 
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Fig. 5. Computed Static Draft for Short Chimneys 

draft for 6-in. flue pipe used as a chimney within 10 per cent for the range 
shown and for fuel burning rates from about one-quarter to three-quarters 
of a gallon of oil per hour. 

Using the temperature at the smoke collar of the heater, find the static 
draft corresponding to the available chimney height. Then: 

1. If the chimney is bare, multiply the static draft by 0.76 to find the available draft. 

2. If the chimney is insulated with 1 in. of air-cell material with a 3^-in. air space, 
multiply the static draft by 0.85 to find the available draft. 

3. If the chimney is insulated with 1 in. of air-cell material with a 1-in. air space, open 
at top and bottom for ventilation, multiply the static draft by 0.81 to find the available 
draft. 

4- If the chimney is insulated with 1 in. of air-cell material and has a 1-in air space 
closed at top and bottom to prevent ventilation, multiply the static draft by 0.85 to find 
the available draft. 
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The use of the 1-in. air-cell asbestos insulation in the tests discussed is 
not to be construed as an approval of such insulation in all cases in regard 
to fire resistance. Several laboratories are working on the fire resistance 
aspects of the problem but definite rules are not yet available. For coal- 
or oil-burning devices, a bare smoke pipe is probably safe if kept a couple 
of feet or more from any woodwork and the better the pipe is insulated, 
or the lower its temperature, the nearer it can be placed to combustible 
materials. 


DRAFT REQUIREMENTS OF DOMESTIC APPLIANCES 

Typical flue-gas temperatures and drafts required at rated output for 
several kinds of domestic heating devices or appliances^ are contained 
in Table 4. 


Table 4. Drafts Required by Typical Domestic Heating Devices or Appliances 


Device 

Draft, 

Inches 

Water 

Stack 

Temperature 
Deg F 

Spare Heater, Oil Rnrningr^ Pnt Rnrner 

0.06 to 0.08 

1000 

Warm AirFnrnare, Oil Riirningr, Pnt Rurner 

0.06 

860 

Warm Air Furnare, Hand Fired . _ 

0.06b 

900 

Flnnr Fiirnare, Oil Riirningr, Pnt Rnrner 

0.06 

860 

Merhaniral Oil Rnrner, T.ess than gpli 

0.03a 

Merhaniral Oil Rnrner, Mnre than H grph 

0 . 05 a Qf Igss 


Cnnking Stnve, Snlid Fnel 

0 . 04 b 

400 

Spare Heater, Cnal Rnrning __ _ __ 

0.06b 

900 



®Draft in fire-box. 

bFor chestnut sized anthracite. 


CHIMNEYS FOR GAS HEATING 

Heating appliances designed to burn gas as well as appliances converted 
to gas burning, except those equipped with power type burners, are always 
equipped with a draft hood attached to the flue outlet of the appliance. 
This draft hood is required if the appliance is to meet the approval require- 
ments of the American Gas Association and the American Standards 
Association and is essential for safe operation. It is designed to prevent 
excessive chimney draft which would lower appliance efficiency, to 
prevent a blocked flue or a down draft in the chimney from impairing 
combustion, to provide a relief opening for the products of combustion, 
during down draft or blocked flue conditions, and to prevent spillage of 
the products of combustion to the space surrounding the appliance if 
there is a chimney draft equivalent to that provided by a 3-ft chimney. 
As the draft hood is designed without moving parts, the relief opening is 
always open and consequently some air is drawn into the chimney. 
While the air drawn in lowers the gas temperature in the chimney, it also 


^National Bureau of Standards Commercial Standards: CSlOl-43 Oil- Burning Space Heaters Equipped 
With Vaporizing Pot-Type Burners, CS75-42 Automatic Mechanical Oil Burners Designed for Domestic 
Inst^lations, CS(E) 104-43 Warm Air Furnaces Equipped With Vaporizing Pot-Type Burners; and Trade 
Standards: TS3536a Solid-Fuel-Burning Forced Air Furnaces, TS3518 Oil-Burmng Floor Furnaces Equip- 
ped With Vaporizing Pot-Type Burners. 
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lowers the dew-point of the gases and tends to prevent condensation of 
moisture. 

Since a gas designed appliance must be able to operate at rated input 
(plus 10 or 15 per cent) without chimney connection, and without pro- 
ducing carbon monoxide, the only function of the chimney is to remove 
the products of combustion from the room. The chimney provides draft 
to overcome the friction in the flue pipe and chimney, but does not draw 
air into the appliance. 

Chimneys for venting gas burning appliances can therefore be low in 
height, but must have adequate area. The height is usually established 
by the building height. Chimney sizes are usually selected on the basis 
of Btu input to the appliance from a table similar to Table 6 which 
represents good practice. 

While it is true that the chimney height is not required when the area 
is sufficient, it is extremely important that the chimney be tight and 


Table 6. Minimum Round Chimney Diameters for Gas Appliances (Inches) 


Gas Consumption in Thousands of Btu per Hour 


UHIMNEY 

Feet 

100 

200 

300 

400 

600 

750 

1000 

1600 

2000 

20 

4.50 

S .70 

6.60 

7.30 

8.00 

9.40 

10.50 

12.35 

13.85 

40 

4.25 

5.50 

6,40 

7.10 

7.80 

9.15 

10.25 

12.10 

13.55 

60 

4.10 

5.35 

6.20 

6.90 

7.60 

8.90 

10.00 

11.85 

13.25 

80 

4.00 

5.20 

6.00 

6.70 

7.35 

8.65 

9.75 

11.50 

12.85 

100 

3.90 

5,00 

5.90 

6.60 

7.20 

8.40 

9.40 

11.00 ’ 

12.40 


resistant to corrosion not only of moisture, but also of dilute sulphur 
trioxide. 

The products of complete combustion of gas are water vapor {H^O) 
and carbon dioxide (CO 2 ) with a trace of sulphur trioxide ( 5 O 3 ). Sulphur 
usually burns to the trioxide in the presence of an iron catalyst. The 
volume of water vapor in the flue products from natural or coke oven gas 
is about twice the volume of carbon dioxide. 

Vitreous tile linings with joints which prevent retention of moisture 
and linings made of non-corrosive materials are advantageous. The 
protection of unlined chimneys has been investigated and the results 
indicate that after the loose material has been removed, the spraying with 
a water emulsion of asphalt chromate will provide excellent protection. 

Advice regarding recommended practice and materials for flue con- 
nections and chimney linings can usually be obtained from the local gas 
company and should be given careful consideration. 


CONSTRUCTION DETAILS 

For general data on the construction of chimneys reference should be 
made to the Standard Ordinance for Chimney Construction of the 
National Board of Fire Underwriters, A brief summary of these pro- 
visions are given for heating boilers and furnaces. 
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The walls of brick chimneys shall be not less than 8^ in. thick (width of a standard 
size brick) and shall be lined with fire-clay flue lining meeting the standard specification 
of the Eastern Clay Products Association, The flue sections shall be set in special mortar, 
and shall have the joints struck smooth on the inside. The masonry shall be built around 
each section of lining as it is placed, and all spaces between masonry and linings shall be 
completely filled with mortar. No broken 'flue lining shall be used. Flue lining shall 
start at least 4 in. below the bottom of smoke-pipe intakes of flues, and shall be continued 
the entire heights of the flues and project at least 4 in. above the chimney top to allow 
for a 2 in. projection of lining. 

Flue lining may be omitted in brick chimneys, provided the walls of the chimneys 
are not less than 8 in. thick, and that the inner course shall be a refractory clay brick. 
All brickwork shall be laid in spread mortar, with all joints push- filled. Exposed joints 
both inside and outside shall be struck smooth. No plaster lining shall be permitted. 

Chimneys shall extend at least 3 ft above flat roofs and 2 ft above the ridges of peak 
roofs when such flat roofs or peaks are within 30 ft of the chimney. The chimney 
shall be high enough so that the wind from any direction shall not strike the top of the 
chimney from an angle above the horizontal. The chimney shall be properly capped, 
but no such cap or coping shall decrease the flue area. 

GENERAL CONSIDERATIONS FOR CHIMNEYS 

The draft of domestic chimneys may be subject to a variety of influences 
not usually encountered in power chimneys®. Horizontal winds have an 
aspirating effect as they cross the chimney and are an aid to draft. 
However, surrounding objects, such as trees or other buildings, may 
affect the direction of the wind at the chimney top and may even direct 
it down the chimney, tending to reduce the draft or even to cause it to be 
negative. Although the chimney should extend well above the highest 
part of the roof, it is impracticable to carry it much beyond this point. 

It is also important to consider the source of the air supply for proper 
combustion. Usually the boiler or furnace is located in the basement. 
When the furnace room has windows or doors opening to the outside on 
two or more sides of the house, the leakage of air will be sufficient for 
combustion, even though the windows and doors may be shut. However, 
if the leakage is not sufficient to prevent an appreciable drop of pressure 
in the furnace room below that of the air outside, the chimney draft will 
be reduced by the difference between the atmospheric pressure outside and 
that inside the boiler room. In case the boiler room is fairly tight and is 
open to the outside on only one side of the house, then the draft will be 
affected in windy weather even with windows or doors open. If the wind 
is blowing toward the boiler room the draft will be increased, but if 
blowing in the opposite direction the draft may be seriously decreased. 

It is not to be assumed that increasing the cross-section area of a 
chimney will always effect a cure for poor draft. The opposite result may 
be experienced because of the cooling effect of the larger area. This 
reduces the theoretical draft and the velocity of the gases, and affords a 
greater opportunity for counter currents in the chimney. Sometimes the 
only practical remedy for a chimney with bad draft, when the chimney is 
of the proper size and is affected by conditions beyond control, is to resort 
to mechanical draft. This can often be done at small expense and the 
arrangement can be such that the fan or blower need be operated only 
when conditions are bad. 


‘Chimneys and Draft (Chapter 32 in Winter Air Conditioning, by S. Konzo, published by National 
Warm Air Heating and Atr Conditioning Association, 1939). 
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Two or more chimneys, either large or small, should never be connected 
together especially near the bottom. Hot gases in an inverted U-tube thus 
formed will be in unstable equilibrium. Cold air will descend through one 
such chimney, from the top, and drive the hot gases out of the other and 
thus annul the draft. 

More than one device can be served by one chimney. Batteries of 
boilers are commonly connected to a single chimney in power plants. 
However, if more than one chimney are used, each chimney should be used 
separately for part of the boilers, and not connected in manifold with 
another chimney, in order to avoid the difficulty described previously. 

In domestic installations it is sometimes necessary to serve a space 
heater or cooking stove and a water heater with the same chimney flue. 
This is not desirable, especially for low chimneys, since doors left open on 
one device while it is un-fired will tend to annul the draft on another 
device. Gas burning devices, with their draft hoods and lack of draft 
dampers, are especially bad in this respect. The traditional means of 
avoiding this with brick chimneys was to construct multiple-flue chimneys, 
so that each fuel-burning device could be served by a separate opening. 
If two devices must be served by one flue-opening in a chimney, their 
connections to the chimneys should not be located opposite each other. 
The connection from the larger device should be reasonably low down and 
that from the smaller, up near the ceiling, so that each device can be 
serviced as well as possible, regardless of the treatment of the other. 

Excessive size in a chimney does no harm but means for controlling the 
draft are more than ordinarily essential if the chimney is too large in 
capacity. Coal-burning devices often have air leaks around the fire-box 
and the draft doors sometimes fit poorly so that the fire cannot be con- 
trolled at a low rate. Perhaps the simplest remedy for such cases is the 
barometric damper which admits air into the flue pipe and thus reduces 
the draft. 

Directions for building chimneys for fireplaces are contained in Depart- 
ment of Agriculture Farmers’ Bulletin No. 1230. 

It is considered bad practice to connect any heating device to a fireplace 
flue unless the fireplace is effectively sealed. 
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CHAPTER 10 


.-Automatic d^ufnin^ ^{^ipment 


Classification of Stokers, Combustion Process and Adjust^ 
rnents. Furnace Design, Classification of Oil Burners, Combus- 
tion Chamber Design, Classification of Gas-Fired Appliances 


A utomatic mechanical equipment for the combustion of solid, 
liquid and gaseous fuels is considered in this chapter. 

MECHANICAL STOKERS 

A mechanical stoker is a device that feeds a solid fuel into a combustion 
chamber, provides a supply of air for burning the fuel under automatic 
control and, in some cases, incorporates a means of removing the ash and 
refuse of combustion automatically. Coal can be burned more efficiently 
by a mechanical stoker than by hand firing because the stoker provides a 
uniform rate of fuel feed, better distribution in the fuel bed and positive 
control of the air supplied for combustion. 

CLASSIFICATION OF STOKERS ACCORDING TO CAPACITY 

Stokers may be classified according to their coal feeding rates. The 
following classification has been made by the Z7. 5. Department of Com- 
merce, in cooperation with the Stoker Manufacturers Association, 

Class 1. Capacity under 61 lb of coal per hour. 

Class 2, Capacity 61 to 100 lb of coal per hour. 

Class 3. Capacity 101 to 300 lb of coal per hour. 

Class 4. Capacity 300 to 1200 lb of coal per hour. 

Class 5. Capacity 1200 lb of coal per hour and over. 

Class 1 Stokers 

These stokers are used primarily for home heating and are designed 
for quiet, automatic operation. Simple, trouble-free construction and 
attractive appearance are desirable characteristics of these small units. 

A common stoker in this class (Fig. 1) consists essentially of a coal 
hopper, a screw for conveying the coal from the hopper to the retort, a 
fan which supplies the air for combustion, a transmission for driving the 
coal feed worm, and an electric motor for supplying power for coal feed 
and air supply. 

Air for combustion is admitted to the fuel through tuyeres at the top 
of the retort, and in this class, the retort may be either round or rectan- 
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gular. Stokers in this class are made for burning anthracite, bituminous, 
semi'bituminous, and lignite coals, and coke. The U. S. Department of 
Commerce has issued commercial standards for household anthracite 
stokers^ 

Units are available in either the hopper type, as shown in Fig.^ 1 or in 
the bin-feed type as shown in Figs. 2 and 3. Some stokers, particularly 
those designed for use with anthracite automatically remove ash from 
the ash pit and deposit it in an ash receptacle as shown in Fig. 3. Most 


il hopper 



Fig, 1. Underfeed Stoker, Hopper Type, Class 1 


Jl 



Fig. 2. Underfeed Stoker, Bin Feed Type, Class 1 


of the bituminous models, however, require removal of the ash from the 
fuel bed after it is fused into a clinker. 

Stokers in this class feed coal to the furnace intermittently in accor- 
dance with temperature or pressure demands. A special control is used 
to insure sufficient stoker operation to maintain a fire during periods 
when no heat is required. 

Stoker-Fired Boiler and Furnace Units 

Boilers, air conditioners, and space heaters especially designed for 
stokers are available having design features closely coordinating the heat 
absorber and the stoker. Although efficient and satisfactory performance 
can be obtained from the application of stokers to existing boilers and 
furnaces, some of the combination stoker-fired units (Fig. 4) are more 
compact and attractive in appearance. 


iDomestic Burners for Pennsylvania Anthracite (Underfeed Type). (Z7. S- Department of Commerce, 
National Bureau of Standards, Commercial Standard No. CS48-^). 
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Class 2 and 3 Stokers 

Stoker.s in this class are usually of the screw feed type without auxiliary 
plungers or other means of distributing the coal. They are used exten- 
sively for heating plants in apartments and hotels, also, for industrial 
plants. 

They are of the underfeed type and are available in both the hopper 
type, as illustrated in Fig. 5, and the bin feed type, shown in Fig. 6. 
These units also are built in plunger feed type with an electric motor or 
a' steam or hydraulic cylinder coal feed drive. 

Stokers in this class are available for burning all types of anthracite, 
bituminous and lignite coals. The tuyere and retort design varies ac- 



cording to the fuel and load conditions. Stationary type grates are used 
on bituminous models and the clinkers formed from the ash accumulate 
on the grates surrounding the retort. 

Anthracite stokers in this class are equipped with moving grates which 
discharge the ash into a pit below the grate. This ash pit niay be located 
on one or both sides of the grate and on some installations is of sufficient 
capacity to* hold the ash for several weeks’ operation. 

Class 4 Stokers 

Stokers in this .group vary widely in details of design and several 
methods of feeding coal are employed. The underfeed stoker is widely 
used, although a number of the overfeed types are used in the larger 
sizes. Bin-feed, as well as hopper models, are available in both under- 
feed and overfeed types. 

Class 5 Stokers 

The prevalent stokers in this field are: (1) underfeed side cleaning, 
(2) underfeed rear cleaning, (3) overfeed flat grate, and (4) overfeed 
inclined grate. 

Underfeed side cleaning stokers are made in sizes up to approximately 
600 boiler horsepower. They are not so varied in design as those in the 
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smaller classes, although the principle of operation is similar. A stoker 
of this type is illustrated in Fig. 7. 

The rear cleaning underfeed stoker is usually of the multiple 'retort 
design and is used in some of the largest industrial plants and central 
power stations. Zoned air control has been applied on these stokers /j|both 
longitudinally and transversely of the grate surface. 




Fig. 5 . Underfeed Screw Stoker, Hopper Type, Class 2 , 3 or 4 

The overfeed flat grate stoker is represented by the various chain — or 
traveling-grate stokers. A typical traveling-grate stoker is illustrated 
in Fig. 8. 

Another distinct type of overfeed flat-grate stoker is the spreader 
(Figs. 9 and 10) type in which coal is distributed either by rotating 
paddles or by air over the entire grate surface. This type of stoker is 
adapted to a wide range of fuels and has a wide application on small sized 
fuels and on fuels such as lignites, high-ash coals, and coke breeze. 

The overfeed inclined-grate stoker operates on the same general com- 
bustion principle as the flat-grate stoker, the main difference being that 
rocking grates, set on an incline, are provided in the former to advance 
the fuel during combustion. 

Combustion Process 

In anthracite stokers of the Class 1 underfeed type, burning takes 
place entirely within the stoker retort. The refuse of combustion spills 
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over the edge of the retort into an ash pit or receptacle from which it may 
be removed either manually or automatically. 

Larger underfeed anthracite stokers operate on the same principle 
except that the retort is rectangular and the refuse spills over only one 
or two sides of the grate. Anthracite for stoker firing is usually the No. 1 
buckwheat or No. 2 buckwheat size. 

Because the majority of the smaller bituminous coal stokers operate on 
the underfeed principle, a general description of their operation is given. 
When the coal is fed into the retort, it moves upward toward the zone of 
combustion and is heated by conduction and radiation from the burning 



fuel in the combustion zone. As the temperature of the coal rises, it 
gives off moisture and occluded gases, which are largely non-combustible. 
When the temperature increases to around 700 or 800 F the coal particles 
become plastic, the degree of plasticity varying with the type of coal. 

A rapid evolution of the combustible volatile matter occurs during and 
directly after the plastic stage. The distillation of volatile matter con- 
tinues above the plastic zone where the coal is coked. The strength and 
porosity of the coke formed will vary according to the size and character- 
istics of the coal. While some of the ash fuses into particles on the surface 
of the coke as it is released, most of it remains on the hearth or grates and 
as this ash layer becomes thicker with time, that portion exposed to the 
higher temperatures surrounding the retort fuses into a clinker. The 
temperature in the fuel bed, the chemical composition and homogeneity 
of the ash, and the time of heating govern the degree of fusion. 

Most bituminous coal stokers of Classes 1, 2, 3 and 4 require manual 
removal of the ash in clinker form. 

In the underfeed side-cleaning stokers the fuel is introduced at the 
front of the furnace to one or more retorts, and is advanced away from 
the retort as combustion progresses, while finally the ash is disposed of 
at the sides. This type of stoker is suitable for all bituminous coals while 
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in the smaller sizes it is suitable for small sizes of anthracite. In this type 
of stoker the fuel is delivered to a retort beneath the fire and is raised 
into the fire. ^ During this process the volatile gases are released, are 
mixed with air, and pass through the fire where they are burned. The 
ash may be continuously or periodically discharged. 

The underfeed rear-cleaning stoker accomplishes combustion in much 
the same manner as the side-cleaning type, but consists of several retorts 
placed side by side and filling up the furnace width, while the ash disposal 
is at the rear. In principle, its operation is the same as the side cleaning 
underfeed type. 

Overfeed flat-grate stokers receive fuel at the front of the grate in a 
layer of uniform thickness and move it horizontally to the rear of the 
furnace. Air is supplied under the moving grate to carry on combustion 



Fig. 10. Overfeed Spreader Stoker (Pneumatic Type) 


at a sufficient rate to complete the burning of the coal near the rear of 
the furnace. The ash is carried over the back end of the stoker into an 
ash pit beneath. This type of stoker is suitable for small sizes of anthra- 
cite or coke breeze and also for bituminous coals, the characteristics of 
which make it desirable to burn the fuel without disturbing it. This type 
of stoker requires an arch over the front of the fuel bed to maintain 
ignition of the incoming fuel. Frequently, a rear combustion arch is 
aJso required. 

In addition to the use of rocking grates, the overfeed inclined-grate 
stoker is provided with an ash plate on which ash is accumulated and 
dumped periodically. This type of stoker is suitable for all types of 
coking fuels but preferably for those of low volatile content. Its grate 
action keeps the fuel bed broken up thereby flowing for free passage of 
air. Because of its agitating effect on the fuel it is not desirable for badly 
clinkering coals. It usually should be provided with a front arch to 
ignite the volatile gases. 

Combustion Adlustmenfs 

The coal feeding rate and air supply to the stoker should be regulated 
so as to maintain a balance between the load demand and the heat 
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liberated by the fuel. Under such conditions no manual attention to the 
fuel bed should be required, other than the removal of clinker in stokers 
which operate on this principle of ash removal. 

As in all combustion processes, the maintenance of the correct pro- 
portions of air and fuel is essential. It is desirable to supply the minimum 
amount of air required to properly burn the fuel at the rate of feed. 

While there may be only slight variations in the rate at which the coal 
is being fed due to variations in the size or density of the coal, there may 
be wide variations in the rate of air flow as the result of changes in fuel 
bed resistance. These changes in resistance may be caused by changes 
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Fig. 11 . Suggested Minimum Firebox Dimensions •and Base Heights^ 

“For reference in selecting or designing boilers and furnaces for stoker firing. Dimensions shown are for 
net inside clearance at grate level using coal with heating value of not less than 12,000 Btu per pound. Under 
certain conditions smaller fireboxes will permit satisfactory performance but these dimensions are preferred 
normal minimums 


in the porosity of the fuel bed due to variations in size or friability of the 
coal, ash and clinker accumulation, and variations in depth of the fuel 
bed. Because of this variable fuel bed resistance, many bituminous 
stokers, even in the smaller domestic sizes, incorporate air controls which 
automatically compensate for these changes in resistance and maintain 
a constant air fuel ratio. 

It is desirable on most stoker installations to provide automatic draft 
regulation in- order to reduce air infiltration and provide better control 
during the banking or off periods of the stoker. The efficiency of com- 
bustion may be determined by analyzing the flue gases as explained in 
Chapter 8. 

Furnace Design 

Although there is considerable variation in stoker, boiler, and furnace 
design, the stoker industry, from long-time experience, has established 
certain rules for the proportioning of furnaces for domestic, and com- 

208 





CHAPTER 10. AUTOMATIC FUEL BURNING EQUIPMENT 


mercial stokers. The stoker installer, and designer of stoker-fired equip- 
ment should give careful consideration to these factors. 

The Stoker Manufacturers Association has published standard recom- 
mendations on setting heights for stokers having capacities up to 1200 lb 
of coal per hour^. 

The empirical formulas for determining these setting heights are: 

For burning rates up to 100 lb coal per hour 

H = 0.1125 B -f- 15.75 (1) 

For burning rates from 100 to 1200 Ib coal per hour 

H = 0.03 B -f 24 (2) 

where 

H = minimum setting height, inches, for steel boilers. For cast-iron boilers height 
may be H. 

B = burning rate coal per hour, pounds. 

Standards for minimum firebox dimensions and base heights also have 
been formulated by the Stoker Manufacturers Association as shown in 
Fig. 11^. 

In considering these recommendations, it should be understood that 
they show the average recommended minimum. There are many factors 
affecting the proper application of stokers to various types of boilers and 
furnaces, and, in certain instances, setting height or firebox dimensions 
shown in the standards may be modified without impairing performance. 
Such modification rests with the experience of the installer, or designer, 
with a particular stoker, the type of fuel used, and the construction of the 
boiler or furnace. 

Sizing Stokers and Stoker Ratings 

The capacity or rating of small underfeed stokers is usually stated as 
the burning rate in pounds of coal per hour. The Stoker Manufacturers 
Association has adopted a uniform method of rating stokers which is 
published in convenient tables and charts for selecting the size of stoker^. 
The required capacity of the stoker is calculated as follows : 

Load (Btu per hour) Stoker burning rate 

required (pounds of 

Heating value of coal (Btu per pound) X over-all efficiency of coal per hour) 
stoker and boiler or furnace 

In determining the total load placed on a stoker-fired boiler by a steam 
or hot water laeating system, a piping and pick-up factor of 1.33 is com- 
monly used in sizing the stoker, but this factor should be increased at 
times due to unusual conditions. 


^Minimum Setting Heights. Copies of this standard may be obtained from the Stoker Manufacturers^ 
Associatton, 307 N, Michigan Ave., Chicago 1, III. 

^Suggested Mtnimum Firebox Dimensions and Base Heights, Copies of this standard may be obtained 
from the Stoker Manufactwers Association, 307 N. Michigan Ave., Chicago 1. lU. 

^Uniform Stoker Rating Code. Copies of this standard may be obtained from the Stoker Manufacturers 
Association, 307 N. Michigan Ave., Chicago 1, lU. 
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Controls 

The heat delivery from the stoker of the smallest household type to the 
largest industrial unit can be accurately regulated with fully automatic 
controls. The smaller heating applications are normally controlled by a 
thermostat placed in the building to be heated. Limit controls are 
supplied to prevent excessive temperature or pressure being developed in 

the furnace or boiler and refueling controls are used to maintain ignition 



during periods of low heat demand. Automatic low water cut-outs are 
recommended for use with all automatically-fired steam boilers. (See 
Chapter 34). 

DOMESTIC OIL BURNERS 

An oil burner is a mechanical device for producing heat automatically 
from liquid fuels. Two methods are employed for the preparation of the 
oil for the combustion process; atomization, and vaporization. The 
simpler types of burners depend upon the natural chimney draft for 
supplying the air for combustion. Other burners provide mechanical air 
supply or a combination of atmospheric, and mechanical. Ignition is 
accomplished by an electrical spark or hot wire, or by an oil or gas pilot. 
Some burners utilize a combination of these methods. Continuously 
operating burners may use manual ignition. Burners of different types 
operate with luminous or non-luminous flame. Operation may be inter- 
mittent, continuous with high-low flame, or continuous with graduated 
flame. 

CLASSIFICATION OF BURNERS 

Domestic oil burners may be classified by type of design or operation 
into the following groups: pressure atomizing or gun, rotary, and vapor- 
izing or pot. These are further classified as mechanical draft, and natural 
draft. 

Pressure Atoxnmug (Gun Type) 

Gun type burners may be divided into two classes, low-pressure, and 
high-pressure atomization. In the first group, a mixture of oil and 
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primary air is pumped as a spray through the nozzle at a pressure of 2 to 
7 lb per square inch. Secondary air is supplied by a fan. Ignition is 
obtained^ by means of a high-voltage electric spark used alone, or as 
primary ignition for a gas pilot. 

The high-pressure atomizing type, illustrated in Fig. 12, is characterized 
by an air tube, usually horizontal, with oil supply pipe centrally located 
in the tube and arranged so that a spray of atomized oil is introduced, 
at about 100 lb per square inch, and mixed in the combustion chamber 
with the air stream emerging from the air tube. A variety of patented 
shapes is employed at the end of the air tube to influence the direction 
and speed of the air and thus the effectiveness of the mixing process. 

This type of burner utilizes a fan to supply the air for combustion, and 
ignition is established by a high-voltage electric spark that may be 
operative continuously while the burner is running, or just at the beginning 
of the running period. Gun type burners operate on the intermittent 
on-off principle, and with a luminous flame. 

The combustion process is completed in a chamber constructed of 
refractory material, or stainless steel, this being a part of the installation. 
Pressure-atomizing burners generally use the distillate oils. No. 1, 2 and 
3 grades. (See Chapter 8). 

Rotary Type 

This class of burners may be divided into two groups: vertical, and 
horizontal. Most of the smaller rotary burners are of the vertical type, 
and use the lighter distillate oils, No. 1 and 2 grades. 

The most distinguishing feature of vertical rotary burners is the 
principle of flame application. These burners are of two general types: 
the center flame and wall flame. In the former type (Fig. 13), the oil is 
atomized by being thrown from the rim of a revolving disc or cup and the 
flame burns in suspension with a characteristic yellow color. Combustion 
is supported by means of a bowl-shaped chamber or hearth. The wall 
flame burner (Fig. 14) differs in that combustion takes place in a ring of 
refractory material, which is placed around the hearth. Dependent upon 
combustion adjustment, these burners may operate with either a luminous 
or non-luminous flame. 

Both types of vertical rotary burners are further characterized by their 
installation within the ash pit of the boiler or furnace. Various types of 
ignition are utilized, gas and electric, either spark or hot wire. The air 
for combustion is supplied partially by natural draft, and partially by 
fan effect of the central spinner element. 

Horizontal rotary burners are used principally to burn the heavier oils. 
Nos. 5 and 6 grades, principally in larger commercial and industrial 
installations, although domestic sizes are available. Such burners are of 
the mechanical atomizing type, using rotating cups which throw the oil 
from the edge of the cup at high velocity into the surrounding stream 
of air delivered by the blower (Fig. 15). 

Horizontal rotary burners commonly use a combination electric-gas 
ignition system, or are lighted manually. Primary air for combustion is 
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Fig. 16 . Vaporizing Pot-Type Burner 
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supplied by a blower, and secondary air, often introduced through a 
checkerwork in the combustion chamber, is controlled by chimney draft. 
These burners operate with a luminous flame, usually on high-low or 
continuous setting. 

In larger installations, burners may be installed in multiple in a common 
combustion chamber. Because of the high viscosity oils used in these 
burners, it is customary to preheat the oil between the tank and the 
burner. Preheating when delivering from tank car, or truck is often 
required in cold weather. As with pressure atomizing burners, a refrac- 
tory combustion chamber, built witW the boiler furnace, is a part of the 
installation. 

Vaporizing Burners 

This type burner transforms the oil into a combustible vapor by the 
application of heat from a plate, or cracking chamber. The class may be 
subdivided into burners supplying combustion air mechanically, and those 
utilizing the natural chimney draft. Vaporizing pot-type burners are 
restricted to the use of the lighter distillates. 

These burners are designed for continuous or intermittent operation, 
with manual ignition, and the rate of burning is controlled by a metering 
valve. Flame may be luminous or non-luminous, dependent upon 
adjustment. A burner of this type is illustrated in Fig. 16 

Oil-Fired Boiler and Furnace Units 

Boilers and furnaces especially designed for oil burners are available. 
This type of equipment usually has more heating surface, better flue 
proportions and gas travel, than conventional boilers or furnaces. Some 
of the better conversion installations, however, equal the unit type in 
performance. 

Operating Requirements for Mechanical Draft Oil Burners 

The TJ. S. Department of Commerce in conjunction with the oil burner 
industry has established commercial standards for automatic mechanical 
draft oil burners for domestic installations which cover installation 
requirements and performance tests®. 

Combustion Process 

Efficient combustion must produce a clean flame and use a relatively 
small excess of air, i.e., between 25 and 50 per cent. This can be done 
only by vaporizing the oil quickly and completely, and mixing it vigorously 
with air in a combustion chamber hot enough to support the combustion. 
A vaporizing burner prepares the oil, for combustion, by transforming the 
liquid fuel to the gaseous state by the application of heat. This is accom- 
plished before the oil vapor mixes with air to any extent and if the air 


^Automatic Mechanical Draft Oil Burners Designed for Domestic Installations (J7. 5. Department of 
Commerce, National Bureau of Standards, Commercial Standard No CS75-42). Flue Connected Oil Burning 
space Heaters Equipped with Vaporizing Pot Type Burners {U. S Department of Commerce, National 
Bureau of Standards, Commercial Standard No. CSlOl-43). Warm-Air Furnaces Equipped with Vaporizing 
Pot-Type Oil Burners (JJ, S. Department of Commerce, National Bureau of Standards, Commercial Standard 
No. CS(E) 104-43). 
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and oil vapor temperatures are high and the fire pot hot, a clear blue 
flame is produced. 

In an atomizing burner the oil is mechanically separated into very fine 
particles so that the surface exposure of the liquid to the radiant heat of 
the combustion chamber is vastly increased and vaporization proceeds 
quickly. The result is the ability to burn more and heavier oil within a 
given combustion space. Because the air enters the combustion chamber 
with the liquid fuel particles, mixing, vaporization and burning occur 
all at once in the same space. This produces a luminous flame. A 
deficient amount of air is indicated by a dull red or dark orange flame 
with smoky tips. 

An excessive supply of air may produce a brilliant white flame or a 
short ragged flame with incandescent sparks flashing through the com- 
bustion space. While extreme cases may be detected, it is not possible 
to distinguish, by eye, the effect of the finer adjustment which competent 
installation requires. 

Combustion Adiustments 

Where adjustments of oil and air have been made to obtain efficient 
combustion, the problem of maintaining the adjustments constant be- 
comes important. Particularly is this true when the change causes the 
per cent of excess air to decrease below allowable limits. A decrease in 
air supply while the oil delivery remains constant or an increase in oil 
delivery while the air supply remains constant will make the mixture of 
oil and air too rich for clean combustion. The more efficient the adjust- 
ment the more critical it will be. The oil and air supply rates must 
remain constant. 

The following factors may influence the oil delivery rate: (1) changes 
in oil viscosity due to temperature change or variations in grade of oil 
delivered, (2) erosion of atomizing nozzle, (3) fluctuations in by-pass relief 
pressures, and (4) possible variations in methods of atomization. Any 
change due to partial stoppage of oil delivery will increase the proportion 
of excess air. This will result in less heat, reduced economy and possibly 
a complete interruption of service, but usually no soot will form. 

The following factors may influence the air supply: (1) changes in 
combustion draft due to a variety of causes (i.e., changes in chimney 
draft because of weather changes, seasonal changes, back drafts, failure 
or inadequacy of automatic draft regulator, use of chimney for other 
purposes, possible stoppage of the chimney and changes in draft resis- 
tance of boiler due to partial stoppage of the flues), and (2) changes in air 
inlet adjustments at the fan. 

Air leakage into the boiler or furnace setting should be reduced to a 
minimum. The amount of air leakage will be determined by the draft 
in the combustion chamber. It is important that this draft should be 
reduced as low as is consistent with the proper disposal of the gases of 
combustion. When using mechanical draft burners with average con- 
ditions, the combustion chamber draft should not be allowed to exceed 
0.02-0.05 in. water. An automatic draft regulator is very helpful in 
maintaining such values. 

Even though a fan is generally used to supply the air for combustion, 
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in most oil burners, the importance of a proper chimney should not be 
overlooked. The chimney should have sufficient height and size to insure 
that the draft will be uniform within the limits given above if maximum 
efficiency throughout the heating season is to be maintained. 

Measurement of the Efficiency of Combustion 

Since efficient combustion is based upon a clean flame and definite 
proportions of oil and air employed, it is possible to determine the results 
by analyzing the combustion gases. Except in the case of a non-luminous 
flame it is usually sufficient to analyze only for carbon dioxide {CO 2 ). 
A showing of 10 to 12 per cent indicates the best adjustment if the flame 
is clean. Most of the good installations show from 8 to 10 per cent CO 2 . 
Taking into account the potential hazard of low excess air (high CO 2 ), 
a setting to give 10 per cent CO 2 constitutes a reasonable standard for 
most oil burners. 

Combustion Chamber Design 

With burners requiring a refractory combustion chamber the size and 
shape should be in accordance with the manufacturer's instructions. It 
is important that the chamber shall be as nearly air tight as is possible, 
except when the particular burner requires a secondary supply of air 
for combustion. 

The atomizing burner is dependent upon the surrounding heated 
refractory or firebrick surfaces to vaporize the oil and support combustion. 
Unsatisfactory combustion may be due to inadequate atomization and 
mixing. A combustion chamber can only compensate for these things to 
a limited extent. If liquid fuel continually reaches some part of the fire- 
brick surface, a carbon deposit will result. The combustion chamber 
should enclose a space having a shape similar to the flame but large 
enough to avoid flame contact. The nearest approach in practice is to 
have the bottom of the combustion chamber flat, but far enough below 
the nozzle to avoid flame contact, the sides tapering from the air tube at 
the same angle as the nozzle spray and the back wall rounded. A plan 
view of the combustion chamber resembles in shape the outline of the 
flame. In this way as much firebrick as possible is dose to the flame so it 
may be kept hot. This insures quick vaporization, rapid combustion and 
better mixing by eliminating dead spaces in the combustion chamber. 
An overhanging arch at the back of the fire pot is sometimes used to 
increase the flame travel and give more time for mmng and burning, ^d 
sometimes to prevent the gases from going too directly into the boiler 
flues, "^en good atomization and vigorous mixing are achieved by the 
burner, combustion chamber design becomes a less critical matter. Where 
secondary air is used, combustion chamber design is quite important. 
When installing some of the vertical rotary burners the manufacturer's 
instructions must be followed carefully when installing the hearth, as in 
this class successful performance depends upon this factor. 

Boiler Settings 

As the volume of space available for combustion is a determining 
factor in oil consumption, it is general practice to remove grates and 
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extend the combustion chamber downward to include or even exceed the 
ashpit volume; in new installations the boiler may be raised to make 
added volume available. Approximately 1 cu ft of combustion volume 
should be provided for every developed boiler horsepower, and in this 
volume from 1.5 to 2.5 lb of oil per hour can properly be burned. This 
corresponds to an average liberation of about 38,000 Btu per cubic foot 
per hour. At times much higher fuel rates may be satisfactory. For best 
results, care should be taken to keep the gas velocity below 40 fps. Where 
checkerwork of brick is used to provide secondary air, good practice calls 
for about 1 sq in. of opening for each pound of oil fired per hour. Such 
checkerwork is best adapted to flat flames, or to conical flames that can 



ELEVATION SECTIONAL VIEW 

Fig. 17 . Combination Gas-Fired Boiler 
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be spread over the floor of the combustion chamber. The proper bricking 
of a large or even medium sized boiler for oil firing is important and 
frequently it is advisable to consult an authority on this subject. The 
essential in combustion chamber design is to provide against flame 
impingement upon either metallic or firebrick surfaces. Manufacturers of 
oil burners usually have available detailed plans for adapting their burners 
to various types of boilers, and such information should be utilized. 

Controls 

Controls for oil burner operation, including devices for the safety and 
protection of a boiler or furnace, are fully described in Chapter 34. 

GAS-FIRED HEAUNG EQUIPMENT 

A gas burner is defined by the American Gas Association as “a device 
for the final conveyance of the gas, or a mixture of gas and air, to the 
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combustion zone.” Burners used for domestic heating are of the atmos- 
pheric injection, yellow flame, or power burner types. 

The use of gas has resulted in the production of a number of types of 
domestic gas heating appliances, and systems. These may be classified 
in types designed for central heating plants, and those for unit applica- 
tion. Gas-designed units and conversion burners are available for the 
several kinds of central systems. Unit heaters, space heaters and circu- 
lators may be had for installation in the space being heated. 

Central Heating Systems 

Boilers and furnaces specially designed for gas-firing incorporate 
design features for obtaining maximum efficiency and performance. 
Small flue passes to secure good heat transfer, the use of materials resistant 
to the corrosive effects of products of combustion, and draft hoods are 
notable features. Control equipment includes gas pressure regulators, 
thermostatic pilots and limit controls designed to protect the appliance 
and to insure safety of operation. A boiler designed for gas-burning is 
illustrated in Fig. 17. 

Conversion burners are usually complete burner and control units 
designed for installation in existing boilers and furnaces. Burner heads 
are of circular or rectangular shape in order to fit in space available. The 
control equipment is generally the same as for gas boilers and furnaces. 
Various baffles made of clay radiants or metal are used for the purpose 
of guiding the products of combustion along the heating surface in the 
firebox or flues. Automatic air dampers are supplied on many models 
to prevent flow of air into the firebox when the burner is not operating. 

One form of central heating system is the warm air floor furnace®. The 
use of these furnaces is adaptable to mild climates. They are used for 
heating first floors, or where heat is required in only one or two rooms. A 
number may be used to provide heat for the entire building where all 
rooms are on the ground floor, thus giving the heating system flexibility. 
With the usual type the register is installed in the floor, the heating 
element and gas piping being suspended below. 

Unit Gas Heaters 

Space heaters may be used for auxiliary heating, but in many cases 
are installed for furnishing heat to entire buildings. With the exception 
of wall heaters, they are portable. Although it is desirable to connect 
space heaters with solid piping, use of flexible tubing is frequently resorted 
to, particularly in the portable types. Where flexible tubing is used, a 
gas shut-off on the heater is not permitted and only American Gas Associa- 
tion approved tubing should be used. 

Parlor heaters or circulators are usually of the cabinet type. They heat 
the room entirely by convection, i.e., the cold air of the room is drawn 
in near the base, passes up inside the jacket around a heating section, and 
out of the heater at or near the top. These heaters cause a continuous 
circulation of the air in the room during the time they are in operation. 


“Gas Floor Furnaces, Gravity Circulating Type (17, 5. Department of Commerce, National Bureau of 
Standards, Commercial Standard No. CS99-42). 
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The burners are located in the base at the bottom of an enclosed com- 
bustion chamber. The products of combustion pass around balSes within 
the heating element, and out the flue at the back near the top. They are 
well adapted not only for residence room heating but also for stores and 
offices. 

Radiant heaters give off considerable portion of their heat in the form 
of radiant energy emitted by an incandescent refractory that is heated by 
a Bunsen flame. They are made in numerous shapes and designs and in 
sizes ranging from two to fourteen or more radiants. An atmospheric 
burner is supported near the center of the base. Others have a group of 
small atmospheric burners supported on a manifold attached to the base. 
Most radiant heaters are portable; however, there are also types which 
are encased in a jacket that fits into the wall with a grilled front. 

Gas-fired steam and hot water radiators are other types of room heating 
appliances. They are made in a large variety of shapes and sizes and are 
similar in appearance to the ordinal^ steam or hot water radiator. A 
separate combustion chamber is provided in the base of each radiator and 
is usually fitted with a one-piece burner. They may be secured in either 
the vented or unvented types, and with steam pressure, thermostatic or 
room temperature controls. 

Warm air radiators are similar in appearance to steam or hot water 
radiators. They are usually constructed of sheet metal hollow sections. 
The products of combustion circulate through the sections and are 
discharged from a flue or into the room, depending upon whether the 
radiator is of the vented or unvented type. 

Unit heaters are used extensively for heating large spaces such as stores, 
garages, and factories. These heaters consist of a burner, heat exchanger, 
fan for distributing the air, draft hood, thermostatic pilot and controls 
for burners and fan. They are usually mounted in an elevated position 
from which the heated air is directed downward by louvres. 

Combustion Process and Adjustments 

Most domestic gas burners are of the atmospheric injection (Bunsen) 
type in which primary air is introduced, and mixed with the gas in the 
throat of the mixing tube. A ratio of about 3 parts primary air to 1 part 
gas for manufactured gas, and a 53^ to 1 ratio for natural gas, are generally 
used as theoretical values. The amount of excess air required in practice 
depends upon several factors, notably; uniformity of air distribution and 
mixing, direction of gas travel from burner, and the height and tem- 
perature of combustion chamber. 

Secondary air is drawn into gas appliances by natural draft. As with 
other fuels, excess secondary air constitutes a loss, and should be reduced 
to a proper minimum, which usually cannot be less than 25 to 35 per cent 
if the appliance is to meet the severe combustion requirements for A, S. A. 
approval. Yellow flame burners depend upon secondary air, alone, for 
combustion. 

The flame produced by atmospheric injection burners is non-luminous. 
Air shutter adjustments for manufactured gas should be made by closing 
the air shutter until yellow flame tips appear and then by opening the air 
shutter to a final position at which the yellow tips just disappear. This 
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type of flame obtains ready ignition from port to port and also favors 
quiet flame extinction. When burning natural gas the air adjustment is 
generally made to secure as blue a flame as obtainable. 

Due to the use of draft hoods and gas pressure regulators both the 
input and combustion conditions of gas appliances are maintained quite 
uniform until deposits of dirt, corrosion, or scale accumulate in the air 
inlet openings, burner ports or on the heating surface. Periodic cleaning 
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Fig. 18. Coal Fuel Burning Rate Chart 

is therefore necessary to keep any gas appliance in proper operating 
condition. 

Measurement of the Efficiency of Combustion 

The efficiency of combustion may be judged from the percentage of 
carbon dioxide (COz), oxygen (O 2 ) and carbon monoxide (CO) in the flue 
gases. The CO 2 and O 2 may be obtained by means of an Orsat apparatus 
but the CO must be determined by more accurate equipment. It is 
customary to use simple indicators to determine whether CO is present 
and to make adjustments of the appliances to reduce the CO below 4/100 
of one per cent before continuing tests in which the CO 2 and O 2 can then 
be found by use of the Orsat appciratus. Since the ultimate CO 2 for any 
gas depends on the total hydrogen content the quality of the combustion 
should not be judged from the value of the CO 2 in the flue gas without 
reference to the ultimate CO 2 obtainable. Practical values of CO 2 will 
usually be from 8 to 11 per cent depending on the gas used. 

Ratings for Gas Appliances , 

‘ Input rating for a gas appliance is established by demonstrating that 
the appliance can meet the Approval Requirements of the A,S.A. The 
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tests are conducted at the A.G.A. Testing Laboratories. Output rating is 
determined from the approved input and an average efficiency stated in 
the Approval Requirements and represents the heat available at the 
outlet of the appliance. 

Sizing Gas-Fired Heating Plants 

Although gas-burning equipment usually is completely automatic, 
maintaining the temperature of rooms at a predetermined figure, there 
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Fig. 19. Oil Fuel Burning Rate Chart^ 


•This chart is based upon No. 3 oil having a heat content of 143,400 Btu per gallon. If other grades of 
oil are used multiply the value obtained from this chart by the following factors: No. 1 oil (139,000 Btu 
per gallon) 1 032; No. 2 oil (141,000 Btu per gaUon) 1.017; No 4 oil (144,500 Btu per gallon) 0.992: No. 5 
oil (146,000 Btu per gallon) 0.982; and No. 6 oil (150,000 Btu per gallon) 0.956. 


are some manually controlled installations. In order to effectively over- 
come the starting load and losses in piping, a manually-controlled gas 
boiler should have an output as much as 100 per cent greater tbgn the 
equivalent standard radiation which it is expected to serve. 

Boilers under thermostatic control, however, are not subject to such 
severe pick-up loads and consequently, it is possible to use a lower selec- 
tion factor. For a gas-fired boiler or furnace under thermostatic control 
a factor of 20 per cent is usually sufficient for pick-up allowance. 

The factor to be allowed for loss of heat from piping, will vary some- 
what, the proportionate amount of piping installed bejng greater for 
small installations than for large ones.* Selection factors to be added to 
the installed radiation under thermostatic control are discussed in 
Chapter 12, page 246. 
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Appliances used for heating with gas should bear the approval seal of 
the A.G.A, Testing Laboratories. Installations should be made in accor- 
dance with recommendations shown in the publications of that association. 

Controls 

Temperature controls for gas burners are described in Chapter 34. 
Some central heating plants are equipped with push-button or other 
manual control. The main gas valve may be of either the snap action 
or throttling type. 
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Fig. 20. Gas Fuel Burning Rate Chart 

FUEL BURNING RATES 

The burning rate for automatic fuel burning devices is determined by 
the gross heat output required of the boiler, or furnace, to carry the net 
heating load plus allowances for system losses, and pick-up. General 
values for these allowances previously have been noted. Detailed infor- 
mation for piping and pick-up allowances for steam, and hot water systems 
is given in Chapter 12. Similar data for warm air systems are given in 
Chapters 19 and 20. 

When the gross output, operating efficiency, and heat value of the fuel 
are known, the required rate of burning can be determined. Figs. 18, 
19 and 20 afford a convenient method for finding rates of burning for the 
several fuels. 

For a given efficiency, the rate of fuel burning is directly proportional 
to the load and therefore these charts can be extended by moving the 
decimal points the same number of digits in both vertical and horizontal 
scales. 
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The correct fuel burning rate can be determined directly from the 
several charts for oil or gas burning installations, as these customarily 
operate on a strictly intermittent basis. These fuel burning devices 
usually introduce the fuel at a single fixed rate during the on periods and 
this rate should be sufficient to carry the gross load. In the case of coal 
stokers, which are usually capable of variable rates of firing, it is desirable 
to operate at as low a rate as weather conditions will permit, but the maxi- 
mum firing rate of the stoker should be sufficient to carry the gross load. 
This rate may be determined by the same method as used for oil or gas. 
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CHAPTER 11 


(^diimaling. ^uei C^ondumpiion 


Fuel Consumption Records, Calculated Heat Loss Estimation 
Method, Degree^Day Method, Unit Fuel Consumption per 
Degree~Day, Degree-Day as an Operating Unit, Maximum 
Demands and Load Factors 

M any methods are in use for estimating in advance of actual oper- 
ation the anticipated heat or fuel consumption of heating plants 
over long or short periods. With suitable modification in procedure these 
same general methods are frequently useful in checking the degree of 
effectiveness with which heat or fuel is utilized during plant operation. 

In applying any of these estimating methods to the consumption of a 
particular building plant it should be noted that (a) reliable records of 
past heat or fuel consumptions of the building under consideration will 
usuedly produce more trustworthy estimates of future consumptions than 
will any data obtained by averages or from other similar buildings; (b) 
where no past records exist useful data can sometimes be obtained from 
records of similar buildings with similar plants in the same locality; (c) 
records of consumption, which are averages from many types of plants in 
many types of buildings in various localities, can produce no better than 
an average estimate which may be far from accurate; (d) estimates based 
on computed heat losses without the benefit of operating data are wholly 
dependent on how well the computation represents the actual facts. 

Estimates based on computed heat losses alone are frequently the only 
ones possible to obtain, especially where new equipment is put into 
unusual buildings and there is a scarcity of records and an absence of 
experience data. Such estimates also have to be made where direct 
information is not obtainable as, for example, if a survey is being made 
without the assistance or knowledge of the building operator and thus 
without information as to the actual consumption. Estimates of this 
kind are also useful in some cases where a relative standard of performance 
is desired to serve as a base of comparisons in a campaign of fuel utili- 
zation. 

In interpreting and evaluating heat or fuel consumption estimates as 
well as in their preparation, it is well to realize that any estimating method 
used will produce a more reliable result over a long period operation than 
over a short period. Nearly all of the methods in common use will give 
trustworthy results over a full anniml heating season, and in some cases 
such estimates will prove consistent within themselves for monthly periods. 
As the period of the estimate is shortened there is more chance that some 
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factor not allowed for in the estimating method will become controlling 
and thus give discrepant and even ridiculous results. 

Of the various estimating methods in use attention is directed in this 
discussion to but two as they are illustrative of all, viz: (1) calculated 
heat loss method, and (2) degree-day method. 


CALCULATED HEAT LOSS METHOD 


This method is theoretical and assumes constant temperatures for very 
definite hours each day throughout the entire heating season. It does not 
take into account factors which are difficult to evaluate such as opening 
of windows, abnormal heating of the building, poor heating systems, 
winter heat gains, such as sun effect, and many others. 

In order to apply this method the hourly heat loss from the building 
under maximum load, or design condition, is computed following the 
principles discussed in Chapters 4 and 6 and the method described and 
illustrated in Chapter 6. 

In some cases, however, depending on the presence of interior par- 
titions, the computed heat loss is modified when used for estimating the 
heat or fuel consumption. If the building has no interior walls or par- 
titions then, by the method of Chapters 5 and 6, the infiltration losses are 
calculated by using only half the total window crack. In such a building 
the calculated loss need not be modified in order to prepare heat or fuel 
estimates by this method. Where the building does contain interior 
walls or partitions instead of using as the calculated heat loss (H) which 
is equal to the sum of the transmission losses (Jit) and the infiltration 

H' 

losses (iJi), it is more desirable to let H — Ht + ~ 

In predicting fuel consumption for heating a building by the Calculated 
Heat Loss Method, the general equation is: 


where 


IBt (td — ^o) 0 


( 1 ) 


F = quantity of fuel or energy required (in the units in which C is expressed). 

H = calculated heat loss, Btu per hour, during the design hour, based on to and 

^generally H == + J3i but may on occasion equal Et + . 

t = average inside temperature maintained during heating period, degrees Fahrenheit. 
^ - average outside temperature through estimate period, degrees Fahrenheit 
(for cities with an Oct. 1-May 1 heating season, see Table 3, Chapter 6). 

= inside design temperature, degrees Fahrenheit (usually 70 F). 

to = outside design temperature, degrees Fahrenheit (see Fig. 1 or Table 3 in 
Chapter 6). 

N = number of heating hours in estimate period (for an Oct. 1 — Mav 1 heatino- 
season, 212 days X 24 hr = 5088). ^ 

E = efficiency of utilization of the fuel over the period, expressed as a decimal; not 
the efficiency at peak or rated load condition. 

C “ heattng value of one unit of fuel or energy. 


Although the assumption of an Oct. 1-May 1 heating season is reason- 
ably accurate in the well-populated New York-Chicago zone it is not 
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valid as far north as Minneapolis nor farther south than Washington, 
D. C. and St. Louis. Consequently, it is suggested that allowance be 
made for this variation, especially in the far north or southern cities. 

Example 1. A residence in Chicago is to be heated to 70 F from 6 A.M. to 10 p.m. 
and 55 F from 10 p.m. to 6 a.m. The calculated hourly heat loss is 120,000 Btu per hour 
based on 70 F inside at — 10 F outside. If the building is to be heated by metered steam, 
how many pounds would be required during an average heating season? 

Solution. The heating value of steam may be taken as 1000 Btu per pound, and since 
it is purchased steam, the efficiency can be assumed as 100 per cent. From Table 3, 
Chapter 6, = 36.4 F. The average inside temperature is: 


(16 X 70) + (8 X 55) ^ gg p 


Substituting in Equation 1 : 


120,000 (65 - 36.4) 5088 
1.00 [70 - (-10)] 1000 


218,275 lb. 


Example S. How much would the fuel cost to heat the building in Example 1 during 
an average heating season with coal at $8 per ton and with a calorific value of 11,000 
Btu per pound, assuming that the seasonal efficiency of the plant was 55 per cent? 


o T c i_ ... .. . r. .. , 120,000 (65 - 36.4) 5088 iu 

Soluhon. Substituting in Equation 1: F= 955 [70 ~ ( — 10)] 11000 ^ 

— 18 tons, which, at $8 per ton, costs S144. 


Several time-saving procedures have been devised for quickly esti- 
mating the heat consumption of one and two-story residences in order 
that fuel estimates can be predicted more quickly from Equation L A 
graphical method of calculating heat losses has been developed^ which 
makes possible a quick solution if the gross wall, ceiling, or floor areas and 
respective transmission coefficients are known. 

The Federal Housing Administration has originated a short-cut formula 
for residential heat loss determinations which makes use of the floor area 
and three selected transmission coefficients. Equation 2 is for a one-story 
residence and Equation 3 is intended for two-story structures. 

Hi = .4 (0.45 + + Z7c + Uf) {td - to) (2) 

• H 2 ^ A (0.45 4- 1.2 -f 0.5 Uc + 0.5 Ui) (td - to) (3) 

where 

Hi = heat loss from one-story residence, Btu per hour. 

Hi = heat loss from two-story residence, Btu per hour. 

A — floor area, square feet. 

U-^ = coefficient of transmission for outside wall. 

Uc — coefficient transmission for ceiling from air in rooms to air in attic space (for 
ventilated attics). 

Ui — coefficient of transmission for floor from air in rooms to air in basement. 

td — inside design temperature, degrees Fahrenheit. 

to — outside design temperature, degrees Fahrenheit. 

Both the graphical method and short-cut formula have been found to 
give accurate and consistent results for the average residence, but if 
precise estimates are required, the procedure outlined in Chapter 6 
should be used. 


^Graphical Method of Calculating Heat Losses, by Paul D. Close (A.S.H.V.E. Journal Section, 
Hmttng, Ptiftng and Air Conditioning, June, 1943, p. 305). 
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Example S. What will be the estimated fuel cost per year of heating a building with 
gas, assuming that the calculated hourly heat loss is 92,000 Btu based on 0 F, which 
includes 26,000 Btu for infiltration? The design temperatures are 0 F and 72 F. The 
normal heating season is 210 days, and the average outside temperature during the 
heating season is 36.4 F. The seasonal efficiency will be 75 per cent. The heating plant 
will be thermostatically controlled, and a temperature of 55 F will be maintained from 
11 P.M. to 7 AM. Assume that the price of gas is 7 cents per 100,000 Btu of fuel con- 
sumption, and disregard the loss of heat through open windows and doors. 

Solution. The average hourly temperature is: 

^^(72^06)^J55X8) 

The maximum hourly heat loss will be: 

H = 92,000 - = 79,000 Btu. 

,, 79,000 (66.3 - 36.4) X 24 X 210 „„„. « . j j j t,* 

^ 100,000 X 0.75 X (72 — 0) 2204.6 huadred thousand Btu. 

2204.6 X $0.07 == $154.32 = estimated fuel cost per year of heating building. 

In the case of gravity warm air heating installations, the load is usually 
expressed in square inches of leader pipe. This can be converted into 
hourly heat loss by multiplying by the factors in Table 1. 

Table 1. Heat Carrying Capacity of Gravity Warm Air Furnace 
Round Leader Pipes 

17S F Register Temperature 


Bttt fbb Hotm at Design Conditions 
PEE Sq In. of Leader Fife 


First floor 

Second floor. 

Third floor..... 



Example 4 . What would be the total gas consumption over a full heating season of a 
gas-fired gravity warm air furnace designed according to the Code*, and with four 12 in. 
and two 8 in. round leaders to the first floor and six 10 in. leaders to the second floor, if 
the gas has a heating value of 500 Btu per cubic foot, the plant operates at a 70 per cent 
seasonal efficiency and is designed to maintain an average inside temperature of 65 F 
when it is 10 F outside in a city where the average outside temperature is 45 F and the 
heating season is 5088 hr long? 

Solution. ^ The area of the round leaders is: 12 in., 113 sq in.; 10 in., 79 sq in.; and 
8 in., 50 sq in. From Table 1 the total Btu transmitted is: 

First Floor: [(4 X 113) + (2 X 50)] X 111 = 61,272 Btu per hour. 

Second Floor: (6 X 79) X 167 = 79,158 Btu per hour. 

Total 140,430 Btu per hour. 

Substituting this total heat loss value as S' in Equation 1 gives: 


140,430 (65 - 45) 5088 
0.70 (70 - 10) 500 


= 680,483 cu ft gas. 


^Standard Gravity Code for the Design and Installation of Gravity Warm Air Heating Systems 
P>lth edition), and the Technical Code for the Design and Installation of Mechanical Warm Air Heating 
Systems, may be obtained from the National Warm Air Heaitng and Air Condtiioning Associaiion, 146 
Public Square, Qeveland, Ohio. 
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DEGRE&DAY METHOD 

This method is based on consumption data which have been taken from 
buildings in operation, and the results computed on a degree-day basis. 
While this method may not be as theoretically correct as the Calculated 
Heat Loss Method, it is considered by many to be of more value for 
practical use. 

The amount of heat required by a building depends upon the outdoor 
temperature, if other variables are eliminated. Theoretically it is pro- 
portional to the difference between the outdoor and indoor temperatures. 


Table 2. Base Temperature for the DECREE-DAya 


Type o» Btuldinq 

No. OP Btjilmngs 
Analyzed 

Tbmpebattjrb F Cok- 

BESPONDB TO ZeEO 
StEAU CoNStnfFTlON 

OfRce _ 

60 

66.2 

Office and Bank” . 

4 

65.8 

Bank _ 

3 

66.2 

Office and Telephone Exchange 

2 

65.5 

Office and Stores _ 

6 

67.4 

Stores... .... 

11 

64.0 

Department Stores. . 

12 

64.3 

Hotels 

7 

66.5 

Apartments 

14 

68.8 

Residences .. 

8 

66.9 

Oliihs 

4 

65.5 

Lodgea . 

5 

64.9 

Theaters 

3 

67.6 

Churches 

2 

65.8 

Garages 

2 

64.8 

Auto Sales and Service 

4 

61.2 

Newspaper and Printing 

3 

67.7 

'VV**^’’^hmise and T.oft 

3 

67.7 

Office and Loft _ . 

2 

65.2 

M anuf acturing 

8 

65.4 



Average for 163 Buildings 


66.0 F 




“^Report of Commercial Relations Committee. Proceedings, National District Heating Association, 1932. 


Some years ago the American Gas Association^ determined from experi- 
ment in the heating of residences that the gas consumption varied directly 
as the difference between 65 F and the outside temperature. In other 
words, on a day when the temperature was 20 deg below 65 F, twice as 
much gas was consumed as on a day when the temperature was 10 deg 
below 65 F. For any one day there exists as many degree-days as there 
are degrees Fahrenheit difference in temperature between the mean 
temperature for the day and 65 F when the mean temperature is less 
than 65 F. 

Studies made by the National District Heating Association of the 
metered steam consumption of 163 buildings located in 22 different cities 
and served with steam from a district heating company substantiate 
the fact that the 65 F base originally chosen by the gas industry is approxi- 
mately correct as shown in Table 2. 

If the degree-days occurring each day are totaled for a reasonably long 


•See Industrial Gas Series, House Heating, tfiiird edition) published by the American Gas AssocialuM. 
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Table 3. Normal Degree-Days for Cities in the United States and Canada®- 


State 

City 

Jan 

Feb 

Mar, 

Apr. 

May 

JUNS 

July 

Attg 

Sept. 

0c?r 

Nov 

Dec. 

Total 

AJa 

Birmingham 

586 

502 

318 

133 

23 

1 

0 

1 

10 

111 

351 

582 

2618 


Mobile 

392 

317 

178' 

54 

3 

0 

0 

0 

1 

45 

203 

374 

1567 

Ariz 

Phoenix. 

404 

261 

152 

47 

7 

0 

0 

0 

0 

18 

168 

389 

1446 

Ark 

Fort Smith 

761 

623 

393 

159 

34 

1 

0 

0 

12 

130 

409 

708 

3230 


Little Rock- 

700 

584 

370 

148 

30 

1 

0 

0 

10 

121 

382 

659 

3005 

Calif. .. 

Los Angeles 

276 

232 

209 

158 

104 

27 

1 

0 

5 

43 

no 

225 

1390 


San Francisco.. 

464 

340 

314 

269 

252 

196 

198 

180 

122 

140 

242 

426 

3143 

Colo.., 

Denver 

1026 

900 

792 

523 

271 

62 

9 

8 

124 

415 

721 

1012 

5863 


Grand Junction 

1230 

887 

667 

381 

152 

22 

1 

1 

60 

352 

745 

1149 

5647 

Conn... 

New Haven 

1103 

1024 

848 

521 

222 

46 

3 

12 

89 

341 

660 

1010 

5879 

D.C.._- 

Washington 

929 

842 

637 

345 

104 

14 

0 

2 

43 

254 

558 

870 

4598 

Fla. 

Jflrksnn vilify 

295 

241 

131 

39 

3 

0 

0 

0 

0 

24 

142 

286 

1161 

Ga 

Atlanta— 

662 

568 

389 

173 

32 

2 

0 

1 

12 

130 

393 

640 

3002 


Savannah 

395 

335 

200 

68 

6 

1 

0 

0 

1 

46 

209 

386 

1647 

Idaho.. 

Boise— 

1065 

840 

680 

441 

248 

87 

10 

17 

135 

394 

717 

1025 

5659 

Ill 

Chicago 

1219 

1084 

871 

536 

260 

67 

7 

8 

84 

334 

709 

1108 

6287 


Springfield 

1145 

988 

732 

382 

130 

15 

1 

3 

64 

290 

666 

1047 

5463 

Ind. 

Evansville 

942 

826 

588 

289 

82 

5 

0 

1 

32 

207 

540 

875, 

4387 


Indianapolis 

1104 

982 

751 

414 

155 

22 

2 

4 

65 

299 

663 

1026 

5487 

Iowa.... 

Des Moines 

1326 

1143 

849 

449 

165 

27 

2 

6 

99 

357 

768 

1200 

6391 


Sioux City 

1410 

1216 

913 

488 

194 

37 

3 

10 

124 

405 

841 

1268 

6909 

Kan 

Dodge City 

1050 

878 

669 

354 

134 

16 

1 

3 

58 

276 

644 

994 

5077 


Topeka 

1104 

932 

666 

331 

112 

11 

0 

2 

54 

258 

623 

1008 

5101 

Ky 

Lexington 

964 

862 

650 

353 

123 

14 

1 

3 

47 

258 

600 

916 

4791 


Louisville 

931 

824 

595 

302 

92 

7 

0 

1 

34 

218 

549 

875 

4428 

La 

New Orleans.... 

i 319 

251 

130 

32 

1 

0 

0 

0 

0 

23 

147 

305 

1208 


Shreveport 

522 

421 

243 

83 

10 

0, 

0 

0 

4 

71 

274 

499 

2127 

Me.-.-. 

F^stport 

1353 

1242 

1090 

778 

532 

297 

159 

148 

274 

528 

831 

1219 

8451 


Portland 

1296 

1184 

1003 

668 

375 

135 

29 

46 

179 

459 

792 

1172 

7338 

Md. 


922 

844 

650 

347 

98 

12 

0 

2 

34 

230 

531 

852 

4522 

Mass... 

Boston . . 

1101 

1027 

852 

538 

248 

66 

8 

16 

98 

338 

651 

1000 

5943 

Mich... 

Dptroitb 

1228 

1141 

943 

569 

252 

56 

7 

15 

109 

387 

753 

1120 

6580 


Marquette 

1471 

1358 

1208 

801 

4931 

220 

87 

102 

257 

556 

927 

1306 

8786 

Minn... 

Duluth 

1726 

1504 

1267 

809 

514 

232 

82 

100 

289 

636 

1066 

1541 

9766 


Minneapolis 

1597 

1379 

1082 

580 

255j 

59 

8 

24 

163| 

484 

943 

1415 

7989 

Miss... 

Vicksburg. 

498 

413 

239 

85 


0 

0 

0 

5 

77 

268 

479 

2073 

Mo.._>. 

Kansas City 

1083 

921 

657 

327 

106 

11 

0 

2 

50 

242 

599 

986 

4984 


St. Louis 

999 

865 

616 

305 

881 

7 

0 

1 

36 

218 

558 

917 

4610 


Springfield 

971 

835 

599 

306 

105 

11 

1 

2 

45 

232 

560 

900 

4567 

Mont... 

Havre _ 

1548 

1374 

1109 

623 

338 

129 

28 

56 

275 

604 

1010 

1380 

8474 

Neb 

Lincola 

1254 

1070 

798 

411 

161 

23 

1 

6 

84 

328 

732 

1142 

6010 


Omaha 

1285 

1098 

813 

414 

152 

21 

1 

'4 

84 

326 

741 

1163 

6102 

Nev 

Winnemucca.... 

1126 

i 887 

763 

539 

320 

109 

11 

23 

190 

502 

802 

1099 

6371 

N. H._ 

Concord 

1339 

1212 

1005 

633 

310 

98 

19 

46 

189 

492 

827 

1221 

7391 

KJ..... 

Atlantic City.... 

944 

1 893 

762 

489 

215 

37 

1 1 

2 

40 

250 

552 

864 

5049 

N. M.. 

Santa Fe. 

1094 

892 

786 

544 

297 

62 

10 

15 

129 

451 

772 

1072 

6124 

N. Y... 

Albany.. 

1276 

1174 

955 

549 

221 

44 

4 

14 

116 

410 

756 

1139 

6658 


BnflFalob 

1220 

1168 

1010 

672 

352 

90 

15 

24 

125 

410 

747 

1102 

6935 


New York 

1025 

958 

785 

467 

176 

29 

1 

4 

51 

276 

600 

934 

5306 

N. C... 

Ralftip-h 

699 

618 

436 

213 

47 

1 5 

0 

1 

17 

155 

417 

673 

3281 


Wilmington 

528 

1 481 

328 

147 

25 

2 

0 

0 

5 

92 

310 

514 

2432 

N. D... 

Bismarr.k 

1720 

1478 

1187 

650 

335 

104 

20 

44 

240 

605 

1059 

1527 

8969 

Ohio 

Cincinnati 

1009 

905 

681 

374 

132 

16 

1 

3 

52 

274 

613 

953 

5013 


Cleveland 

1141 

1074 

891 

558 

255 

56 

8 

14 

92 

354 

688 

1040 

6171 


Columbus 

1082 

982 

762 

436 

167 

26 

2 

6 

68 

318 

674 

1013 

5536 

Okla... 

Oklahoma City 

850 

696 

459 

204 

56 

3 

0 

0 

22 

156 

461 

791 

3698 

Ore. 

Baker 

1221 

994 

839 

600 

411 

210 

56 

73 

261 

540 

849 

1165 

7219 


Portland 

776 

622 

530 

370 

241 

106 

29 

29 

109 

298 

540 

729 

4379 

Pa-.... 

Philadelphia 

957 

885 

696 

379 

1 

16 

0 

2 

36 

236 

548 

877 

4749 
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Table 3. Normal Degree-Days for Cities in the United States and Canada^ 

(Concluded) 


State 

Province 

Cm 

Jan. 

Feb 

Mar 

Apr. 

Mat 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Total 

Pa 

Pittsburgh b 

1043 

971 

767 

448 

170 

29 

3 

7 

69 

324 

656 

979 

5466 

S. C 

Charleston 

450 

386 

245 

84 

7 

1 

0 

0 

1 

48 

227 

421 

1870 


Columbia 

568 

488 

312 

129 

18 

1 

0 

0 

6 

98 

330 

554 

2504 

S. D 

Huron._ 

1586 

1366 

1044 

579 

264 

66 

9 

21 

174 

507 

966 

1415 

7997 


Rapid City 

1288 

1152 

980 

607 

333 

104 

15 

29 

188 

503 

843 

1183 

7225 

Tenn.„ 

Knoxville 

774 

669 

478 

229 

55 

3 

0 

0 

20 

189 

497 

751 

3665 


Memphis 

709 

605 

389 

159 

32 

1 

0 

0 

13 

127 

383 

660 

3078 


Nashville 

785 

681 

476 

222 

54 

2 

0 

0 

19 

170 

470 

741 

3620 

Tex 

El Pasn__. 

611 

433 

288 

107 

15 

1 

0 

0 

6 

90 

369 

618 

2538 


Fort Worth 

582 

470 

269 

100 

16 

1 

6 

0 

5 

76 

288 

549 

2356 


Houston 

366 

279 

144 

31 

3 

0 

0 

0 

1 

29 

164 

343 

1360 


San Antonio 

382 

290 

148 

38 

4 

0 

0 

0 

0 

32 

169 

361 

1424 

Utah... 

Modftna 

1191 

944 

811 

569 

336 

93 

7 

11 

156 

503 

833 

1151 

6605 


Salt Lake City.. 

1084 

868 

708 

450 

232 

62 

4 

5 

95 

377 

Y\2 

1040 

5637 

Vt 

Burlington 

1444 

1327 

1117 

679 

330 

98 

22 

47 

196 

510 

866 

1294 

7930 

Va 

Lynchburg. 

829 

735 

545 

290 

82 

12 

1 

2 

37 

232 

524 

793 

4082 


Norfolk. 

709 

654 

492 

257 

65 

6 

0 

0 

9 

132 

397 

664 

3385 


Richmond 

812 

727 

548 

281 

74 

9 

0 

1 

27 

199 

491' 

776 

3944 

Wash... 

Seattle 

765 

644 

595 

440 

304 

162 

71 

71 

174 

372 

558 

708 

4864 


Spnkanp 

1136 

935 

748 

488 

282 

113 

21 

37 

185 

483 

816 

1061 

6305 

W. Va. 

Elkins 

1030 

950 

774 

492 

233 

59 

15 

23 

114 

403 

724 

997 

5814 


Parkersburg,^... 

975 

888 

671 

371 

129 

170 

1 

3 

55 

287 

619 

922 

5091 

Wis 

Green Bay. 

1498 

1337 

1099 

663 

325 

89 

17 

39 

176 

495 

891 

1327 

7956 


LaCrosse 

1500 

1291 

1001 

533 

222 

50 

7 

22 

154 

459 

865 

1338 

7442 


Milwaukee... 

1329 

1181 

969 

621 

340 

100 

13 

18 

120 

409 

788 

1198 

7086 

Wyo... 

Cheyenne.- 

1388 

1070 

994 

726 

455 

160 

42 

48 

247 

592 

880 

1147 

7549 


Lander 

1423 

1198 

1000 

674 

406 

150 

28 

44 

263 

630 

1020 

1401 

8237 

Alta — 

Calgary. 

1674 

1428 

1240 

750 

496 

270 

124 

186 

450 

744 

1170 

1395 

9,927 


Edmonton 

1829 

1512 

1302 

720 

434 

270 

124 

186 

450 

713 

1230 

1519 

10,289 


Vancouver 

899 

756 

713 

510 

341 

180 

62 

31 

270 

496 

660 

837 

5,755 

Man... 

Winnipeg 

2139 

1820 

1581 

810 

465 

90 


62 

270 

744 

1320 

1829 

11,130 

N.B..... 

Mnnntnn 

1519 

1428 

1178 

810 

465 

210 


93 

300 

620 

930 

1333 

8,886 

N. S.._. 

Halifax 

1302 

1176 

1085 

780 

496 

210 



210 

496 

780 

1147 

7,682 

Ont 

Ottawa 

1674 

1484 

1271 

690 

279 

30 



210 

589 

990 

1457 

8,674 


Port Arthur...... 

1829 

1624 

1426 

900 

558 

240 

62 

86 

360 

713 

1140 

1550 

10,488 


Toronto 

1333 

1204 

1209 

720 

372 

60 



180 

558 

870 

1209 

7,715 

P.E.I. 

Charlottetown 

1178 

1120 

1209 

870 

529 

210 



600 

558 

870 

1240 

8,384 

Que 

Mnntrpal 

1581 

1428 

1209 

720 

310 




igo 

558 

960 

1395 

8,341 


Qiiphpr. 

1705 

1484 

1333 

870 

434 

120 


31 

270 

651 

1050 

1519 

9,467 

Sask... 

Saskatoon 

2108 

1820 

1581 

810 

465 

210 

62 

155 

450 

806 

1290 

1736 

11,493 


‘Computed from daily mean temperatures recorded by U S Weather Bureau over a 43-year period 
from 1899 to 1941, Data for Canadian cities abstracted from Keating &• Ventilating, October, 1939. 

bData for these cities and possibly other localities are based on readings taken at more than one official 
Weather Station during the 43-year penod of analysis and are subject to local verification, as these figures 
are being examined for possible revision by the U. S. Weather Bureau. 

period, the fuel consumption during that period as compared with another 
period will be in direct proportion to the number of degree-days in the 
two periods. Consequently, for a given installation, the fuel consumption 
can be calculated in terms of fuel used per degree-day for any sufficiently 
long period and compared with similar ratios for other periods to deter- 
mine the relative operating efficiencies with the outside temperature 
variable eliminated. 

The normal or average number of degree-days which have occurred 
over a long period of years, and such averages, by months, on a 66 F 
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basis are given for various United States and Canadian cities in Table 3. 
The United States values were computed from daily mean temperatures 
recorded by the Weather Bureau over a 43-year period^ from 1899 to 1941. 
The number of degree-days for a calendar day of a given year was ob- 
tained by taking the difference between 65 F and the mean temperature 
determined from a reading of the maximum and mininium thermometers 
for a particular locality. The daily normal was established by taking an 
average of the 43 daily degree-day figures. These daily values were then 
added to obtain a monthly normal, and the yearly or seasonal degree-day 
figure was established by taking a summation of the monthly values. In 
general, attempts to apply the degree-day method to fuel consumption 
over a period of less than a month are of questionable value. 

Formula for Degree-Day Method 

The general equation for calculating the probable fuel consumption by 
the degree-day method is: 

F ^ U X N XD (4) 

where 

F — fuel consumption for the estimate period. 

U = unit fuel consumption, or quantity of fuel used per degree-day per building 
load unit, 

N = number of building load units (when available use calculated heat loss instead of 
actual amount of radiation installed). 

D « number of degree-days for the estimate period. 

Values of N depend on the particular building for which the estimate is 
being prepared and must be found by surveying plans, by observation, or 
by measurement of the building. Values of U for use in this equation are 
the unit fuel consumptions per degree-day and are obtained as a result 
of the collection of operating information. Certain of this information is 
presented later but before referring to these data attention is directed to 
the nature of the unit. 

Unit Fuel Consumptions per Degree-Day 

The quantity of fuel used per degree-day in a given heating plant can 
be reduced to a unit basis in terms of quantity of fuel or steam per degree- 
day per square foot of radiation, per cubic foot of heated building space, 
or per thousand Btu hourly heat loss at design conditions. A less fre- 
quently used basis is quantity of fuel per degree-day per square foot of 
floor area. In fact any convenient unit can be used to relate the con- 
sumption to the degree-day and to the building. 

The choice of these units requires explanation and some discrimination 
and jud^ent. The use of heated space in preference to the gross building 
cubage is obviously more accurate for this purpose. The gross cubage 
includes Ae outer walls and certain percentages of attic and basement 
space which are usually unheated. The net heated space is usually about 
80 per cent of the gross volume and can be calculated from the latter if it 
cannot be measured. The cubical content is not considered accurate as a 
basis of comparison due to differences in types of construction, exposure, 
and ratio of exposed area to cubical contents. 


^Received from U. S. Weather Bureau Sept. 1943. 
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The calculated heat loss or its equivalent square foot of calculated 
radiator surface may be used as the unit. The use of the unit equivalent 
direct radiation is of questionable value when referring to heat transfer 
surfaces as applied to warm air furnace or central air conditioning sys- 
tems. In view of all these considerations it is believed that the unit 
based on thousands of Btu of hourly calculated heat loss for the design hour 
is probably the most desirable although the one most widely used seems 
to be units of fuel per degree^day per square foot of equivalent direct radiator 
surface. The equivalent heating load for the hot water supply is not 
included in the latter unit, but it generally includes the piping load. 

Since this unit is the one most widely used at present the unit fuel con- 
sumptions given in succeeding paragraphs of this chapter make use of this 
unit to a considerable extent, although it should be understood that most 
of these units of consumption can be transposed as desired. 

Estimating Gas Consumption 

Values of the Unit Fuel Consumption Constant (V) for gas are given 
in Table 4 for various gas heating values, and different types and sizes of 
heating plants. They are based on an inside design temperature of 70 F 
and an outside design temperature of 0 F and apply only to these con- 
ditions. For other design conditions corrections must be made as given 
in Table 7. 

The factors in Table 4, as corrected if necessa^, are satisfactory for 
regions having 3500 to 6500 degree-days per heating season. In regions 
with less than 3500 degree-days the unit gas consumption is higher dian 
given; where over 6500, the unit is less than given. Ten per cent addition 
or deduction in these cases is recommended by AGA publications. Esti- 
mates for industrial buildings where low inside temperatures are main- 
tained cannot be made from this table. 

For gas heating values other than those given in Table 4, simply inter- 
polate or extrapolate. It will also be noted that Table 4 applies only to 
small installations. In general the larger the installation the smaller the 
imit gas consumption becomes and the values in the table should be used 
with care, if at all, in large gas-burning installations. 

Example 6* Estimate the gas required to heat a building located in Chicago, 111., 
whidi has. 6287 degree-days and a gas heating value of 800 iBtu per cubic foot. The 
calculated heating surface requirements are 1000 sq ft of hot water radiation based on 
design temperature of — 10 F and 70 F. 

Solution, From Equation 4 and Table 4, the fuel consumption for a design tempera- 
ture of 0 F with 800 Btu gas is found to be 0.085 cu ft of gas per de^ee-day per square 
foot of hot water radiation. From Table 7, the correction factor is 0.875 for — 10 F 
outside design temperature, hence 0,875 X 0.085 = 0.07438. 

0.07438 X loop X 6287 « 467,000cu ft. 

Estimating Oil Consumption 

Unit fuel consumption factors for oil, similar to those for gas in Table 4 
are given in Table 5. The factors in Table 6 apply only to an inside 
design temperature of 70 F and an outside design temperature of OF. For 
other outside design temperatures, the constants in Table 5 must be 
multiplied by the values in Table 7 as explained under Estimating Gas 
Consumption. 
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Table 4. Unit Fuel Consumption Constants (U) for Gas^ 

Based onO F Outside Temperature^ 70 F Inside Temperature^ and S-Hour Reduction to 60 F, 


Heating Value 
OF Gas 

Btu per Cu Ft 

Hot Water 

Steam 

Warm Air 

Cu Ft Gas per Degree-Day 
per Sq Ft Radiator 

Cu Ft Gas per Degree-Day 
per Sq Ft Radiator 

Cu Ft Gas per D^ee-Day 
per 1000 Btu Hourly 
Design Heat Loss 

Up to 
500 
SqFt 

500 to 
1200 

Sq Ft 

III 

Up to 
500 
SqFt 

300 to 
700 
SqFt 

Over 

700 

SqFt 

Gravity 

Fan Systems 

500 

0.142 

0.135 

0.128 

0.242 

0.231 

0.220 

0.855 


535 

0.132 

0.126 

0.120 

0.226 

0.215 

0.206 

0.800 

0.766 

800 

0.089 

0.085 

0.081 

0.151 

0.144 

0.137 


0.513 

1000 

0.071 

0.068 

0.065 

0.121 

0.115 

0.110 


0.410 

1 Therm 

Gas Consumption in Therms per Degree- Day 

100,000 

Btu 

0.000708 

0.000675 

I 

d 

0.00121 

0.00115 

0.00110 

0.00428 

0.00409 


•Abstracted from Comfort Heating, American Gas Association, 1Q38. 


Table 5. Unit Fuel Consumption^ Constants {U) for Oil^ 

Based on 0 F Outside Temperature^ 70 F Inside Temperature j and 8-Hour Reduction to 65 F, 


Unit 

Efpicibnct in Per Cent 


40 

50 

60 

70 

80 

Gal Oil per Sq Ft Steam Radiator., 

0.00172 

0.00137 

0.00114 

0.00098 

0.00086 

Gal Oil per Sq Ft Hot Water 

RaHiatnr 

0,00108 

0.00086 

0.00072 

0.00062 

0.00054 


Gal Oil per 1000 Btu per Hour 
Heat Loss 

0.00715 

0.00571 

1 0.00476 

1 

0.00409 

0.00358 



•Based on a heating value of 140,000 Btu per gallon. 

bAbstracted by permission from Degree-Day Handbook (Second Edition, 1937), by C. Strock and 
C. H. B. Hotchkiss. 


Table 6. Unit Fuel Consumption^ Constants (C/) for CoALt> 

Based onO F Outside Temperature, 70 F Inside Temperature, and 8-Hour Reduction to 55 F. 


Untt 

Efficxenct in Per Cent 


40 

50 

60 

70 

80 

Lb Coal per Sq Ft Steam Radiator.. 

0.0200 

0,0160 

0.0133 

0.0114 

0.0100 

Lb Coal per Sq Ft Hot Water 
Radiator. 

0.0125 

0.0100 

0.0084 

0.0072 

0.0063 


Lb Coal per 1000 Btu per Hour 
Heat Loss 

0.0825 

0.0666 

0.0550 

0.0471 

0.0412 



•Based on a heating value of 12,000 Btu per pound. 

bAbstracted by permission from Degree-Day Handbook, (Second Edition, 1937), by C. Strock 
C. H. B. Hotchkiss. 
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Fuel used over any period is, according to the theory of the degree-day, proportional to 
the number of degree-days during the period. From Table 3, the average numbers of 
degree-days for November, December, and January in Marquette are 927, 1306, and 
1471, a total of 3704. The yearly total is 8786, so that during these three months the 
estimated consumption is: 

9704 . 

X 109,200 = 46,200 lb. 

Estimating Steam Consumption 

In estimating steam consumption the efficiency is generally assumed at 
100 per cent. If for low pressure steam an average heating value of 
1000 Btu per pound of steam is used no correction is necessary. In com- 
paring values from different cities, correction should be made for design 
temperature (see Table 7) when the unit figures are in terms of square foot 
of radiator or 1000 Btu per hour calculated heat loss, but not when the 
values are in terms of building volume or floor space. 

Consideration has been given to the difference in steam utilization of 
different types of buildings and Table 8 shows actual average units for 
these various types. These figures were obtained from operating results 
in 896 buildings located in all sections of the United States. Being 
averages, and for small groups in each type, the figures may need con- 
siderable modification to allow for local variations. It should be especially 
noted that the steam used for heating hot water is not included in the 
values given in Table 8. 

Table 8. Steam Consumption of Buildings with Various Types of OccuPANcy^ 


Type of Exhuding 

No. 

Bldgs. 

Average 

Volume 

Heated 

Space 

1000 Cu Ft 

Steam for 
Heating 

Average 
Hours of 
Occupancy 

Lb per DD 
per 1000 
CuFt 

Office 

334 

2160 


12.1 

Office and Bank. 

49 

3000 

0.577 

13.1 

Office and Printing 

8 

1895 

1.230 

17.7 

Office and Theater. 

7 

4950 

0.412 

12.9 

Office and Stores or Shops 

26 

1615 


13.2 

Bank 

16 

806 


11.7 

Department Store... 

63 

3400 


11.1 

Stores. 

73 

310 


10.4 

Loft 

63 

865 


10.0 

Warehouse 

24 

2230 


9.4 

Hotel and Club. 

73 

1795 


22.3 

Apartment or Residence. 

51 

1425 

0.962 

21.8 

Theater 

22 

1240 

0.482 

12.9 

Garage. _ 

13 

1540 

0.202 

21.4 

Manufacturing. 

19 

1350 


9.5 

Church- _ _ 

9 

656 


7.9 

Hospital 

4 

3306 

1.194 

22.0 

School 

8 

1115 

0.592 

11.5 

Municipal or Federal 

15 

3215 

0.587 

15.6 

Lodge, Gym, Hall or Auditorium 

12 

880 

0.390 

12.4 

Miscellaneous. 

7 

1387 

0.479 

21.4 

Total or Average. 

896 

1890 

0.651 

13.4 


•Principles of Economical Heating, National Association of Building Owners and Managers. 
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Example 8, A store in Philadelphia with a heating system designed to maintain 70 F 
inside in 0 F weather has 250,000 cu ft of heated space. What would be the estimated 
average yearly steam consumption of purchased steam for heating? 

Solution, According to Table 8, a store would use 0.624 lb of steam per degree-day 
per 1000 cu ft heated space. From Table 3, Philadelphia has 4749 degree-days per 
normal year. Inserting in Equation 4: 

F = 0.624 X 250 X 4749 = 740,000 lb of steam. 

Degree-Day as an Operating Unit 

The^ use of the degree-day as a fuel predicting unit, explained in the 
foregoing, is perhaps the lesser of its two most used applications. It is 
also widely used as a unit for eliminating the weather (temperature) 
variable for existing plants from month to month or year to year. The 
degree-days given in Table 3 are normals or averages. For operating data 
the actual number occurring for a given month and year in a city under 
consideration is recorded. Since fuel consumption is proportional to the 
number of degree-days, plant operators frequently compute each month, 
the fuel burned per degree-day by the heating plant. The resulting unit 
figure, by eliminating the outside temperature variable, indicates whether 
the operating efficiency of the plant is above or below the previous 
month or year. 

MAXIMUM DEMANDS AND LOAD FACTORS 

In one form of district heating rates, a portion of the charge is based 
upon the maximum demand of the building. The maximum demand may 
be measured in several diflferent ways. It may be taken as the instan- 
taneous peak or as the rate of use during any specified interval. One 
method is to take the average of the three highest hours during the 
winter. These figures are available for a number of buildings in Detroit, 
as shown in Table 9®. 

These maximum demands were measured by an attachment on the 
condensation meter and therefore represent the amounts of condensation 
passed through the meter in the highest hours, rather than the true rate 


Table 9. Building Load Factors and Demands of Some Detroit Buildings 


Bmu>iNa Classification 

Load Factor 

Lb of Demand per Hour 

PER 6q Ft of Equivalent 
Iitstallbd Radutor Surface 

Chibs , .. - - - - - 

0.318 

0.184 

TTofftls . . . „ 

0.316 

0.207 

Printipgr.. .... - 

0.287 

0.217 

_ 

0.263 

0.209 

Apnrtmpnts __ _ 

0.255 

0.225 

■RAtnil fitnrps _ 

0.238 

0.182 

Aiitn Snips nnH Sprvirp __ 

0.223 

0.248 

BqpIrS - 

0.203 

0.158 

Churrhes .... M, - ~ 

0.158 

0.152 

■nppnrtTTipnt fitnrps 

0.138 

0.145 

Tbpnfprs 

0.126 

0.151 



5The Heat Requirements of Buildings, by J. H. Walker and G. H. Tuttle (A.S.H.V E. Transactions, 
Vol. 41. 1935, p. 171). 
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at which steam is supplied. There might be slight differences in these 
two quantities due to time lag and to storage of condensate in the system, 
but wherever this has been investigated it has been found to be negligible. 

The load factor of a building is the ratio of the average load to the 
maximum load and is an index of the utilization. Thus, in Table 9, the 
theaters, operating for short hours, have a load factor of 0.126 as 
compared with the figure of 0.318 for clubs and lodges. 

SEASONAL EFFICIENCY 

The task of predicting fuel consumption within reasonably accurate 
limits is a simple one where sufficient experience data are available for 
the fuel in question. Such data can be analyzed to the point where 
average unit factors can be determined and expressed in such terms as, 
for example, average gallons of oil actually burned per square foot of 
calculated steam radiator surface per degree-day. The unit U can be 
inserted directly in Equation 2 without reference to efficiency. Such 
experience factors are available for gas (see Table 4) and for district 
steam (Table 8), but not for coal or oil. 

Since values of U are not available for oil or coal, an assumed seasonal 
efficiency E must be used. Selection of a value for this E must be made 
with caution, for its use implies a meaning not commonly associated with 
the word efficiency and consequently is frequently misleading. 

The input of heat to a building consists not only of the energy in the 
fuel but that from occupants, the sun, appliances, processes, and all 
other sources. In many cases these make up, over a period, an important 
percentage of the total heat required, and if they are not taken into 
account a calculation of efficiency can show a figure over 100 per cent. 

For this and other reasons the actual seasonal efficiency is a difficult 
thing to determine. Published data are widely scattered and insufficient. 
From the available published material it is found that the seasonal effi- 
ciency varies over a wide range, depending on the fuel used, and it 
varies widely even for a given fuel. For example, in a recent survey of 
30 houses in one locality there was found a variation of from 45 to 75 
per cent in the utilization efficiency depending on the fuel®. 


“Heat Losses and EjB&dendes of Fuels in Residential Heating, by R. A. Sherman and R. C. Cross 
(A.S.H.V.E. Transactions, Vol. 43. 1937, p. 185). 
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Cast-Iron Boilers, Steel Boilers, Special Heating Boilers, 
Gas-Fired Boilers, Hot Water Supply Boilers, Furnace Design, 
Heating Surface, Testing and Rating Codes, Output and Ef- 
ficiency, Selection of Boilers, Conversion to Gas Firing, Con- 
nections and Fittings, Erection, Operation and Maintenance 


S TEAM and hot water boilers for low pressure heating work are built in 
a wide variety of types, many of which are illustrated in the Catalog 
Data Section^ and are classified as (1) cast-iron sectional, (2) steel fire 
tube, (3) steel water tube, and (4) special. 

CAST-mON BOILERS 

'A 

Cast-iron boilers usually fall into one of two general classifications 
(1) rectangular pattern with vertical sections and rectangular grate 
commonly known as sectional boilers, (2) round pattern with horizontal 
pancake sections and circular grates commonly known as round boilers. 
A few boilers of the sectional type use outside header construction, where 
each section is independent of the other and the water and steam con- 
nections are made externally through these headers. The majority of 
boilers, however, both sectional and round, are assembled with push 
nipples and tie rods at the top and bottom of the sections in which case 
water and steam connections are internal. The present trend in design 
of sectional boilers is to use a large top push nipple, so that in a steam boiler 
the water line may be carried through the top push nipple thereby per- 
mitting circulation of water between adjacent sections at both the top 
and bottom of the water content of the boiler. The primary purpose of 
this construction is to eliminate the necessity of connecting the sections 
below the water line with an external header to permit circulation of the 
water from one section to the other, which is necessary in the case of a 
steam boiler equipped with an indirect water heater for summer- win ter 
hot water supply. 

Round and sectional boilers may be increased in size by the addition 
of sections, which in the case of sectional boilers also increases the grate 
area. The grate area of round boilers remains the same as additional 
sections are added. 
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Cast-iron boilers are usually shipped knocked down. This facilitates 
handling at the place of installation where assembly is made in that 
separate sections can be taken into or out of basements and other places 
more or less inaccessible after the building is constructed. This feature 
is of importance in the original installation of the boiler and also in making 
repairs to or replacing a damaged boiler at a later date. 

Cast-iron boilers may be designed to burn efficiently one kind of fuel 
only or various kinds of fuel. Practical combustion rates for coal-fired 
boilers are given in Table 1. Many recent designs of oil burning boilers 
have been designed exclusively for oil fuel and in some cases for both oil 
and gas. The present trend in the design of boilers for hand firing is, 
however, to design them so they will be suitable for ready conversion to 
and efficient operation with oil and stoker firing even after the boiler 
has been installed and has been operating for a period of time on one type 
of fuel. 

Capacities of cast-iron boilers range from that required for small 
residences up to about 18,000 sq ft of radiation. For larger loads boilers 
must be installed in multiple. The maximum allowable working pressure 
for cast-iron boilers is limited by the A.S,M.E. Code to 15 lb per square 
inch for steam boilers. Hot water boilers are usually limited to 30 lb 
per square inch maximum working pressure, but may be designed for 
higher pressures where required for heating purposes or for hot water 
supply where the boiler must withstand high local water pressures. 

STEEL BOILERS 

Steel heating boilers may be classified according to (a) position of 
combustion gas with respect to tube surface, (b) arrangement and con- 
struction of furnaces, and (c) type of fuel and method of firing. 

Fire tube boilers are those in which the gases of combustion pass 
through the tubes and the boiler water circulates around them. In water 
tube boilers, the gases circulate around the tubes and the water passes 
through them. 

Steel heating boilers may be furnished with integral water jacketed 
furnaces or arranged for refractory lined brick or refractory lined jacketed 
furnaces. Those with integral water jacketed furnaces are called portable 
firebox boilers and are the most commonly used type. They may be 
either fire tube or water tube and are furnished for any fuel and method 
of firing used in heating boiler practice. They are usually shipped from 
the factory in one piece, ready for piping. Bridge-walls and smoke- 
less furnace parts are shipped in place when furnished. Boilers with 
refractory lined furnaces may be either fire tube or water tube. They 
also may be arranged for any fuel or method of firing. Refractory 
furnaces are usually installed in such boilers after they are set. 

SPECIAL HEATING BOILERS 

A special type of boiler, known as the magazine feed boiler, has been 
developed for the burning of small sizes of anthracite and coke. These 
are built of both cast-iron and steel, and have a large fuel carrying capac- 
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ity which results in longer firing periods than would be the case with the 
standard types using buckwheat sizes of coal. Special attention must be 
given to insure adequate draft and proper chimney sizes and connections. 

Oil-burner boiler units, in which a special boiler has been designed with 
a furnace shaped to meet the general requirements of oil burners, or are 
specially adapted to one particular burner, have been developed by a 
number of manufacturers. These usually are compact units with the 
burner and all controls enclosed within an insulated steel jacket. Ample 
furnace volume is provided for efficient combustion, and the heating 


Table 1. Practical Combustion Rates for Coal-Fired Heating Boilers Oper- 
ating AT Maximum Load on Natural Draft of from H in. to 14 in. Waters 


Kind of Coal 

Sq Ft Grate 

Lb of Coal per Sq Ft 
Grate per Hour 


Up to 4 

3 


5 to 9 


No. 1 Buckwheat Anthracite 

10 to 14 

4 


15 to 19 

m 


20 to 25 

5 


Up to 9 

5 

Anthracite Pea 

10 to 19 



20 to 25 

6 


Up to 4 

8 


5 to 9 

9 

Anthracite Nut and Larger 

10 to 14 

10 

15 to 19 

11 


20 to 25 

13 


Up to 4 

9.5 

Bituminous 

5 to 14 

12 


15 and above 

15.6 


aSteel boilers usually have higher combustion rates for grate areas exceeding 15 sq ft than those indicated 
in this table. 


surfaces are proportioned for effective heat transfer. Consequently, 
higher efficiencies are obtainable than with the ordinary coal-fired boiler 
designed primarily for hand firing and converted to oil firing. 

GAS-FIRED BOILERS 

Gas boilers have assumed a well-defined individuality. The usual boiler 
is sectional in construction with a number of independent burners placed 
beneath the sections. In most boilers there is one burner per flue. In 
all cases the sections are placed quite closely together, much closer than 
would be possible when burning a soot-forming fuel. The effort of the 
designer is always to break the hot gas up into thin streams, so that all 
particles of the heat-carrying gases can come as close as possible to the 
heat-absorbing surfaces. The flues are designed for low draft loss in 
order that the boiler may be able to operate at full capacity without the 
aid of chimney or induced draft, although a boiler should always be con- 
nected to a vent flue or chimney for removal of the products of com- 
bustion. A low over-all draft loss is possible because the momentum of 
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the gas injects the primary air into the burners and the resistance to 
secondary air flow to burners is slight. 

Most gas-fired boilers carry the approval of the American Gas Associa- 
tion as evidenced by display of its Laboratories Approval Seal. In order 
to obtain this approval the boilers must comply with American Standard 
Approval Requirements for Central Heating Gas Appliances sponsored 
by the A,G.A, The boiler ratings must be such that they meet the 
limitations as set forth in these approval requirements. 

HOT WATER SUPPLY BOILERS 

Boilers for hot water supply are classified as direct, if the water heated 
passes through the boiler, and as indirect, if the water heated does not 
come in contact with the water or steam in the boiler. 

Direct heaters are built to operate at the pressures found in city supply 
mains and are tested at pressures from 200 to 300 lb per square inch. 
The life of direct heaters depends almost entirely on the scale-making 
properties of the water supplied. If water temperatures are maintained 
below 140 F the life of the heater will be much longer than if higher 
temperatures are used, owing to decreased scale formation and minimized 
corrosion below 140 F. Direct water heaters in some cases are designed 
to burn refuse and garbage. 

Indirect heaters generally consist of steam boilers in connection with 
heat exchangers of the coil or tube types which transmit the heat from the 
steam to the water. This type of installation has the following advantages : 

1. The boiler operates at low pressure, 

2. The boiler is protected from scale and corrosion. 

3. The scale is formed in the heat exchanger in which the parts to which the scale 
is attached can be cleaned or replaced. The accumulation of scale does not affect 
efficiency although it will affect the capacity of the heat exchanger. 

4. Discoloration of water may be prevented if the water supply comes in contact 
with only non-ferrous metal. 

Where a steam heating system is installed, the domestic hot water 
usually is obtained from an indirect heater placed below the water line of 
the boiler. Indirect heaters may also be used with hot water heating 
systems to obtain domestic hot water and should be located as high as 
possible with respect to the boiler for most satisfactory performance. 

FURNACE DESIGN 

Good efficiency and proper boiler performance are dependent on 
correct furnace design embodying sufficient volume for burning the 
particular fuel at hand, which requires thorough mixing of air and gases 
at a high temperature with a velocity low enough to permit complete 
combustion of all the volatiles. (See Chapters 8 and 10.) 

Heating Surface 

Boiler heating surface is that portion of the surface of the heat transfer 
apparatus in contact with the fluid being heated on one side and the gas or 
refractory being cooled on the other side. Heating surface on which the 
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fire shines is known as direct or radiant surface and that in contact with 
hot gases only, as indirect or convection surface. The amount of heating 
surface, its distribution and the temperatures on either side thereof 
influence the capacity of any boiler. 

Direct heating surface is more valuable than indirect per square foot 
bemuse it is subjected to a higher temperature and also, in the case of 
solid fuel, because it is in position to receive the full radiant energy of the 
fuel bed. The heat transfer capacity of a radiant heating surface may be 
as high as 6 to 8 times that of an indirect surface. This is one of the 
reasons why the water legs of some boilers have been extended, especially 
in the case of stoker firing where the extra amount of combustion chamber 
secured by an extension of the water legs is important. For the same 
reason, care should be exercised in building a refractory combustion 
chamber in an oil-burning boiler so as not to screen any more of this 
valuable surface with refractories than is necessary for good combustion. 

The effectiveness of the heating surface depends on its cleanliness, its 
location in the boiler, and the shape of the gas passages. The area of the 
gas passages must not be so small as to cause excessive resistance to the 
flow of gases where natural draft is employed. Inserting baffles so that 
the heating surface is arranged in series with respect to the gas flow 
increases boiler efficiency and reduces stack temperature and increases 
the draft loss through the boiler. 

Heat Transfer Rates 

Practical rates of heat transfer in heating boilers will average about 
3300 Btu per square foot per hour for hand-fired boilers and 4000 Btu per 
square foot per hour for mechanically fired boilers when operating at 
design load. When operating at maximum load as defined in this chapter 
under heading Selection of Boilers, these values will run between 5000 
and 6000 Btu per square foot per hour. Boilers operating under favorable 
conditions at the above heat transfer rates will ^ve exit gas temperatures 
that are considered consistent with good practice. 

TESTING AND RATING CODES 

The Society has adopted four solid fuel testing codes, a solid fuel 
rating code and an oil fuel testing code. A.S.H.V.E. Standard and Short 
Form Heat Balance Codes for Testing Low-Pressure Steam Heating 
Solid Fuel Boilers — Codes 1 and 2 — (Revision of June 1929) \ are intended 
to provide a method for conducting and reporting tests to determine heat 
efficiency and performance characteristics. A.S.H.V.E. Performance 
Test Code for Steam Heating Solid Fuel Boilers — Code No. 3 — (Edition of 
1929)^ is intended for use with A.S.H.V.E. Code for Rating Steam Heating 
Solid Fuel Hand-Fired Boilers^. The object of this test code is to specify 
the tests to be conducted and to provide a method for conducting and 
reporting tests to determine the efficiencies and performance of the boiler. 
The A.S.H.V.E. Standard Code for Testing Steam Heating Boilers 


iSee A S.H V.E. Transactions, Vol. 35, 1929, pp. 322 and 332, 
2See A.S.H.V.E. Transactions, Vol. 3G, 1930. p. 42. 
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Burning Oil Fuel® is intended to provide a standard method for con- 
ducting and reporting tests to determine the heating efficiency and per- 
formance characteristics when oil fuel is used with steam heating boilers. 
In 1938 the Society adopted a Standard Code for Testing Stoker-Fired 
Steam Heating Boilers^ which is intended to provide a test method for 
determining the efficiency and performance characteristics of any stoker 


Table 2. Steel Heating Boiler Standard Ratings^ 


H^nd-Fired Rating 


Mechanicallt-Fibed Ratinq 


Catalog 

Net Load 

Heating 
Surface 
Sq Ft 

Grate 

Area 

SqFt 

Catalog 

Net Load 

Furnace Vol- 
ume, Oil, Gas 
or Bituminous 
Coal Cu Ft 

Steam 
Radiation 
Sq Ft 

Water 
Radiation 
Sq Ft 

Btu per 
Hour m 
Thou- 
sands 

Steam 
Radiation 
Sq Ft 

Steam 
Radiation 
Sq Ft 

Water 
Radiation 
Sq Ft 

Btu per 
Hour in 
Thousands 

Steam 
Radiation 
Sq Ft 

1,800 

2,880 

432 

1,389 

129 

7.9 

2.190 

3,500 

525 

1,695 

15.7 

2,200 

3,520 

528 


158 

8.9 

2,680 

4,280 

643 

2,089 

19.2 

2,600 


624 

2,020 

186 

9.7 

3,160 

5,050 

758 

2,461 

22.6 

3,000 


720 

2,335 

215 

10.5 

3,650 

5,840 

876 

2,853 

26.1 

3,500 

5.600 

840 

2,732 

250 

11.4 

4,250 



3,335 

30.4 

4,000 

mn^mm 

960 

3,135 

286 

12.2 

4,860 



3,830 

34.8 

4,500 

7,200 

1,080 

3.540 

322 

13.4 

5,470 

8,750 

1,312 

4,330 

39.1 

5,000 

8,000 

1,200 

3,945 

358 

14.5 

6,080 

9,720 

1,459 

4,834 

43.5 

6,000 

9,600 

1,440 

4,770 

429 

16.4 

7,290 

11,660 

1,749 

5,850 

52.1 

7,000 

11,200 

1,680 

5,608 

500 

18.1 

8,500 

13,600 

2,040 

6,885 

60.8 

8,500 

13,600 

2,040 

6,885 

608 

20.5 

: 10,330 

16,520 

2,479 

8,490 

73.8 

10,000 

16,000 

2,400 

8,197 

715 

22.5 

12,150 

19,440 

2,916 

10,125 

86.8 

12,500 

20,000 

3,000 

10,417 

893 

25.6 

1 15,180 

24,280 

3,643 

12,650 

108.5 

15,000 

24,000 

3,600 

12,500 

1,072 

28.4 

1 18,220 

29,150 

4,372 

15,183 

130.2 

17,500 

28,000 

4,200 

14,584 

1,250 

30.9 

21,250 

34,000 

5,100 

17,708 

151.8 

20,000 

32,000 

4,800 

16,667 

1,429 

33.2 

24,290 

38,860 

5,829 

20,242 

173.5 

25,000 

40,000 

6,000 

20,834 

1,786 

37.4 

30,360 

48,570 

7,286 

25,300 

216.9 

30,000 

48,000 

7,200 

25,000 

2,143 

41.2 

36,430 

58,280 

8,743 

30,359 

260.3 

35,000 

56,000 

8,400 

29,167 

2,500 

44.7 

42,500 

68,000 

10,200 

35,417 

303.6 


® Adopted by the Steel Keaivng BoHer Institute in cooperation with the Bureau, oj Standards, Untied States 
Department of Commerce Simplified Practice Recommendations R 157-S5. 


or boiler combination burning any type of solid fuel such as anthracite 
or bituminous coal. 

The Steel Heating Boiler Institute has adopted a method for the rating 
of low pressure boilers based on their physical characteristics and ex- 
pressed in square feet of steam or water radiation or in Btu per hour as 
given in Table 2. The detailed requirements of this code were outlined 
in Chapter 13 of The Guide 1939. 

The Institute of Boiler and Radiator Manufacturers has adopted a 
method of rating cast-iron heating boilers based upon performance 
obtained under tests. This code® now applies to sectional boilers having 
a grate width of 41 in. or less. Eventually the Institute intends to include 
all sizes of cast-iron boilers in this program of testing and rating. 


*See A.S.H.V.E. Transactions, Vol. 37, 1931, p. 23. 

<See A.S.H.V.E. Transactions, VoI. 44, 1938, p. 366. 

Testing and Rating Code for Low Pressure Heating Boilers (Institute of Boiler and Radiator 
Manufacturers.) 
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BOILER OUTPUT AND EFFICIENCY 

Boiler ratings are usually expressed either as gross output or net load. 
The gross output is the quantity of heat available at the boiler nozzle 
with the boiler normally insulated. This output is stated in Btu per hour 
or square feet equivalent direct radiation. The gross output of large 
heating boilers is frequently stated in terms of boiler horsepower. 

Net load is the total amount of radiation that normally can be sup- 
plied with heat by the boiler. It is expressed in the same units as gross 
output and is equal to the gross output less allowances for piping losses 
and pick up. 

The term efficiency as used for guarantees of boiler performance is 
usually construed as follows: 

1, Solid Fuels* The efficiency of the hoiler alone is the ratio of the heat absorbed by 
the water and steam in the boiler per pound of combustible burned on the ^rate to the 
calorific value of 1 lb of combustible as fired. The combined efficiency of boiler, furnace 
and grate is the ratio of the heat absorbed by the water and steam in the boiler per pound 
of fuel as fired to the calorific value of 1 lb of fuel as fired. 

2. Liquid and Gaseous Fuels. The combined efficiency of boiler, furnace and burner 
is the ratio of the heat absorbed by the water and steam in the boiler per pound or cubic 
foot of fuel to the calorific value of 1 lb or cubic foot of fuel respectively. 

Solid fuel boilers usually show an efficiency of 50 to 75 per cent when 
operated under favorable conditions at their rated capacities. Oil- or 
gas-fired boiler-burner units usually show an efficiency of 70 to 80 per cent. 

SELECTION OF BOILERS 
Factors Involved in Boiler Selection 

The maximum design load on a boiler is the sum of the following four 
items: 

1. Radiation Load. The estimated heat emission in Btu per hour of the connected 
radiation (direct, indirect, or central fan) to be installed. 

The connected radiation is determined by calculating the heat losses for each room in 
accordance with data given in Chapters 4, 5, and 6. The sum of the calculated heat 
losses for all the rooms represents the total required heat emission of the connected radia- 
tion expressed in Btu per hour. As practically all boilers are now rated on a Btu basis, 
it is unnecessary to convert the radiation load to equivalent square feet of equivalent 
radiation. 

2. Hot Water Supply Load. The estimated maximum heat in Btu per hour required 
to heat water for domestic use. 

When the hot water supply is heated by the building heating boiler, this load must 
be taken into consideration in sizing the boiler. A common practice is to add 240 Btu 
per hour to the radiation load for each gallon of storage tank capacity. For more specific 
information see Chapter 46. 

3. Piping Tax. The estimated heat emission in Btu per hour of the piping connecting 
the radiation and other apparatus to the boiler. 

It is common practice to consider the piping tax in average house heating systems to 
be equal to 25 per cent of the net load (items 1 and 2). ^ In large jobs, or where there is 
much bare pipe, it is better to compute the heat emission from both bare and covered 
pipe surface in accordance with data in Chapter 18. The estimated heat loss from the 
pipe should be added to the net load when estimating the gross boiler output. 

4. Warming-Up Allowance. The estimated increase in the normal load in Btu per 
hour caused by the heating up of cold radiation. 


243 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


The warming-up allowance represents the load due to heating the boiler and contend 
to operating temperature, and heating up cold radiation and piping. I , 

used for determining the allowance to be made should be selected from Table 3 and should 
be applied to the estimated design load as determined by Items 1, and o. 


Other items to be considered in boiler selection are: 

(a) Efficiency with hard or soft coal, gas, or oil firing, as the case may be. 

(b) Grate area with hand-fired coal, or fuel burning rate with stokers, oil, or gas. 

(c) Combustion space in the furnace. 

(d) Type of heat liberation, whether continuous or intermittent, or a combination of 
both. 

(e) Convenience in firing and cleaning. 

(/) Adaptability to changes in fuel and kind of attention. 

(g) Height of water line. 

(h) Miscellaneous items such as draft available, possibility of future extension, pos- 
sibility of break-down, and head room in the boiler room. 


Table 3. Warming-up Allowances for Low Pressure Steam and 
Hot Water Heating BoiLERsa^ b, c 


Dusign Load (Representino Summation of Items 1, 2, and 3 

Percentage Capacitt to Add 

FOR Warming-Upc 

Btu per Hour 

Equivalent Square Feet of Radiationd 

Up to 100,000 

Up to 420 

65 

100,000 to 200,000 

420 to 840 

60 

200,000 to 600,000 

840 to 2500 

55 

600,000 to 1,200,000 

2500 to 5000 

50 

1,200,000 to 1,800,000 

5000 to 7500 

45 

Above 1,800,000 

Above 7500 

40 


•This table is taken from the A.S.H.V E. Code of Minimum Requirements for the Heating and Venti- 
lation of BuildinsSr except that the second column has been added for convenience in interpreting the design 
load in terms of equivalent square feet of radiation. 

bSee also Time Analysis in Starting Heating Apparatus, by Ralph C. Tagg^ (A.^H-V.E. Tr^sac- 
TiONS, Vol. 19. 1913, p. 292) ; Report of A.S H.V.E. Continuing Committee 0 ° Codes for Tes^g and luting 
Steam Heating SoUd Fuel Boilers (A.S.H.V.E. Transactions, Vol. 36, 1930, p. 35); Sele^ng the Right 
Size Heating Boiler, by Sabin Crocker IStating, Pt^ing end Atr Conditioning, March, 1932). 

«This table refers to hand-fired, solid fuel boilers. A factor of 20 per cent over design load is adequate 
when automatically-fired fuels are used. 


d240 Btu per square foot. 


Selection of Cast-Iron Boilers 

The net load is the sum of the radiation load and hot water supply 
load. Net load ratings of cast-iron boilers are usually available from 
manufacturers’ catalogs. They may also be obtained conveniently from 
published tables of I-B-R ratings®, or from recommendations of theil^a^mg, 
Piping and Air Conditioning Contractors National Association^ and can 
be used in selection of boilers, unless the heating system contains an 
unusual amount of bare pipe, or the nature of the connected load is such 
that the normal allowances for pipe loss and pick-up do not apply. In 
such a case, the selection must be based on the gross output which is the 
sum of Items 1, 2, 3, and 4 in the section Factors Involved in Boiler 
Selection. 


Ratings for Cast-Iron Boilers (Institute of Boiler and Radiator Manufacturers). 

^Engineering Standards, Part II, Net Square Feet Radiation Loads in 70 Deg Fahr., Recommended for 
Low Pressure Heating Boilers. 1943 (Beating, Piping and Atr Conditioning Contractors National Association). 
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Selection Based on Heating Surface and Grate Area 

Where neither the net load nor gross output ratings based upon per- 
formance tests are available, a good general rule for conventionally- 
designed boilers is to provide 1 sq ft of boiler heating surface for each 
14 sq ft of equivalent radiation (240 Btu per square foot) represented by 
the design load consisting of connected radiation, piping tax and domestic 
water heating load. As stated in the section on Boiler Output and 
Efficiency, this is equivalent to allowing 10 sq ft of boiler heating surface 
per boiler horsepower. In this case it is assumed that the maximum load 
including the warming-up allowance will be provided for by operating the 
boiler in excess of the design load, that is, in excess of the 100 per cent 
rating on a boiler-horsepower basis. 

Due to the wide variation which may be encountered in manufacturers’ 
ratings for boilers of approximately the same capacity, it is advisable to 
check the grate area required for heating boilers burning solid fuel by 
means of the following formula: 

G = cxfx-E 

where 

G = grate area, square feet. 

H = required total heat output of the boiler, Btu per hour (see Selection of Boilers). 

C = desirable combustion rate for fuel selected, pounds of dry coal per square foot 
of grate per hour (see Table 1). 

F = calorific value of fuel, Btu per pound. 

E = efficiency of boiler, usually taken as 0.60. 


Example 1, Determine the ^ate area for a required heat output of the boiler of 
500,000 Btu per hour, a combustion rate of 6 lb per hour, a calorific value of 13,000 Btu 
per pound, and an efficiency of 60 per cent. 


^ ^ 500,000 

^ 6 X 13,000 X 0.60 


10.7 sq ft 


The boiler selected should have a grate area not less than that deter- 
mined by Formula 1. With small boilers where it is desired to provide 
sufficient coal capacity for approximately an eight-hour firing period plus 
a 20 per cent reserve for igniting a new charge, more grate area may be 
required depending upon the depth of the fuel pot. 


Selection of Steel Heating Boilers 

Ratings obtained from the previously mentioned Steel Heating Boiler 
Institute code are intended to correspond with the estimated design load 
based on the sum of Items 1, 2, and 3 listed previously under Factors 
Involved in Boiler Selection. When Item 3, the heat emission of the 
piping, is not known, the net load, consisting of Items 1 and 2, to be 
considered for the boiler may be determined from Table 2. The dif- 
ference between design load and net load represents an amount which is 
considered normal for piping loss of the ordinary heating system. 

Boilers with less than 128 sq ft of heating surface are classified as 
residence size. An insulated residence boiler for oil or gas, not convertible, 
may carry a net load expressed in square feet of steam radiation of not 
more than 17 times the square feet of heating surface in the boiler, pro- 
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vided the boiler manufacturer guarantees it to be capable of operating 
at a maximum output of not less than 150 per cent of net load rating with 
over-all efficiency of not less than 76 per cent with at least two different 
makes of each type of standard commercial burner recommended by the 
boiler manufacturer. If the heat loss from the piping system exceeds 
20 per cent of the installed radiation, the excess is to be considered as a 
part of the net load. 

Selection of Gas-Fired Boilers 

After determining the net load for the installation, gas designed boilers 
can usually be selected from manufacturers' tables of net load ratings 
which are based upon piping and pick-up allowances recommended by 
the American Gas Association, 

The boilers selected from such tables will include a piping and pick-up 
allowance varying from 57 per cent for net loads of 500 sq ft steam equi- 
valent direct radiation or less to 40 per cent for net loads of 1000 sq ft 
steam equivalent direct radiation or greater. Detailed recommendations 
for selection of gas designed boilers are given in the A.G.A, publication, 
Comfort Heating^. 

If the piping and pick-up load or other factors create an unusual load, 
a boiler should be selected which has an A,G,A, ouput rating equal to 
the maximum output required. 


CONVERSION TO GAS FIRING 


The conversion of a coal or oil boiler to gas burning is simpler than the 
reverse since little furnace volume need be provided for the proper com- 
bustion of gas. If a solid fuel boiler of 500 sq ft (or less) capacity is con- 
verted to gas burning, the necessary heat input units should be approxi- 
mately double the connected load. Assuming a combustion efficiency 
of 75 per cent for a conversion installation the boiler ouput would be 
2 X 0.75 ~ 1.5 times the connected load, which allows 50 per cent for 
piping tax and pick up. 

A wide range of gas conversion burners in input ratings up to 400,000 
Btu per hour is available, all certified for compliance with American 
Standard Listing Requirements for Gas Conversion Burners, sponsored 
by the A ,G.A . Such burners should be installed as specified by American 
Standard Requirements for Installation of Conversion Burners in House 
Heating and Water Heating Appliances. These requirements give full 
dir^tions for inspection^ and preparation of the existing heating plant 
including the sizing and installation of the flue connection, together with 
other important details based on accepted practice. In converting large 
boilers to gas fuel, determination of the required Btu input should be 
based on a detailed consideration of the requirements and characteristics 
of the connected lend. Installation should conform to provisions of 
Amencan Standard Requirements for Installation of Gas-Burning Equio- 
ment in Power Boilers. ^ ^ ^ 


breeching, they should be locked in position 
SO that t hey will not interfere with the normal operation of the gas burner 


^Comfort Heating, 1938, pp. 35 to 39 (Awertcan Gas Assccuaion), 
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at maximum flow. In the case of large boiler conversions, automatic 
damper regulators proportion the position of the flue dampers to the 
amount of gas flowing and may be substituted for existing dampers. 

SPACE LIMITATIONS 

Boiler rooms should, if possible, be situated at a central point with 
respect to the building and should be designed for a maximum of natural 
light. The space in front of the boilers should be sufficient for firing, 
stoking, ash removal and cleaning or renewal of flues, and should be at 
least 3 ft greater than the length of the boiler firebox. 

A space of at least 3 ft should be allowed on at least one side of every 
boiler for convenience of erection and for accessibility to the various 
dampers, cleanouts and trimmings. The space at the rear of the boiler 
should be ample for the chimney connection and for cleanouts. With 
large boilers the rear clearance should be at least 3 ft in width. 

The boiler room height should be sufficient for the location of boiler 
accessories and for proper installation of piping. In general the ceiling 
height for small steam boilers should be at least 3 ft above the normal 
boiler water line. With vapor heating, especially, the height above the 
boiler water line is of vital importance. 

When steel boilers are used, space should be provided for the removal 
and replacement of tubes. 

CONNECTIONS AND FITTINGS 

Steam outlet connections should be the full size of the manufacturers’ 
tappings in order to keep the velocity of flow through the outlet reasonably 
low and avoid fluctuation of the water line and undue entrainment of 
moisture, and should extend vertically to the maximum height available 
above the boiler. 

Particular attention should be given to fitting connections to secure con- 
formity with the A,SM.E. Boiler Construction Code for Low Pressure 
Heating Boilers. Attention is called in particular to pressure gage piping, 
water gage connections and safety valve capacity. 

Steam gages should be fitted with a water seal and a shut-off consisting 
of a cock with either a tee or lever handle which is parallel to the pipe 
when the cock is open. Steam gage connections should be of copper or 
brass when smaller than 1 in. I.P.S? if the gage is more than 5 ft from the 
boiler connection, and also in any case where the connection is less than 
in. J.P.5. 

Each steam or vapor boiler should have at least one water gage glass and 
two or more gage cocks located within the range of the visible length of the 
glass. The water gage fittings or gage cocks may be directly connected to 
the boiler, if so located by the manufacturer, or may be mounted on a 
separate water column. No connections, except for combustion regu- 
lators, drains or steam gages, should be placed on the pipes connecting 
the water column and the boiler. If the water column or gage gla^ is con- 
nected to the boiler by pipe and fittings, a cross, tee or equivalent, in which 


£. Code. Identification oi Piping Systems. 
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a cleanout plug or a drain valve and piping may be attached, should be 
placed in the water connection at every right-angle turn to facilitate 
cleaning. The water line in steam boilers should be carried at the level 
specified by the boiler manufacturer. 

Safety valves should be capable of discharging all the steam that can be 
generated by the boiler without allowing the pressure to rise more than 
5 lb above the maximum allowable working pressure of the boiler. This 
should be borne in mind particularly in the case of boilers equipped with 
mechanical stokers or oil burners where the amount of grate area has 
little significance as to the steam generating capacity of the boiler. 

Where a return header is used on a cast-iron sectional boiler to distribute 
the returns to both rear tappings, it is advisable to provide full size 
plugged tees instead of elbows where the branch connections enter the 
return tappings. This facilitates cleaning sludge from the bottom of the 
boiler sections through the large plugged openings. An equivalent clean- 
out plug should be provided in the case of a single return connection. 

Blow-off or drain connections should be made near the boiler and so 
arranged that the entire system may be drained of water by opening the 
drain cock. In the case of two or more boilers separate blow-off connec- 
tions must be provided for each boiler on the boiler side of the stop valve 
on the main return connection. 

Water service connections must be provided for both steam and water 
boilers, for refilling and for the addition of make-up water to boilers. This 
connection is usually of galvanized steel pipe, and is made to Ae return 
main near the boiler or boilers. 

For further data on pipe connections for steam and hot water heating 
systems, see Chapters 15 and 16 and the A.S.M,E. Boiler Construction 
Code for Low Pressure Heating Boilers. 

Smoke Breeching and Chimney Connections. The breeching or smoke 
pipe from the boiler outlet to the chimney should be air-tight and as short 
^d direct as possible, preference being given to long radius and 45-deg 
instead of 90-deg bends. The breeching entering a brick chimney should 
not project beyond the flue lining and where practicable it should be 
grouted from the inside of the chimney. A thimble or sleeve grout 
usually is provided where the breeching enters a brick chimney. 

Where a battery of boilers is connected into a breeching each boiler 
should be provided with a tight damper. The breeching for a battery 
of boilers should not be reduced in size as it goes to the more remote 
boilers. Good connections made to a good chimney will usually result in 
a rapid response by the boilers to demands for heat. 

ERECTION, OPEEIATION, AND MAINTENANCE 

The directions of the boiler manufacturer always should be read before 
the assembly or installation of any boiler is started, even though the 
contractor may be familiar with the boiler. All joints requiring boiler 
putty or cement which cannot be reached after assembly is complete 
must be finished as the assembly progresses. 

Five precautions that should be taken in all installations to prevent 
damage to the boiler are given. 
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1. There should be provided proper and convenient drainage connections for use if 
the boiler is not in operation during freezing weather. 

2. Strains on the boiler due to movement of piping during expansion should be 
prevented by suitable anchoring of piping and by proper provision for pipe expansion 
and contraction. 

3. Direct impingement of too intense local heat upon any part of the boiler surface, 
as with oil burners, should be avoided by protecting the surface with firebrick or other 
refractory material. 

4. Condensation must flow back to the boiler as rapidly and uniformly as possible. 
Return connections should prevent the water from backing out of the boiler. 

5. Automatic boiler feeders and low water cut-off devices which shut off the source 
of heat if the water in the boiler falls below a safe level are recommended for boilers 
mechanically fired. 

Boiler Troubles 

A complaint regarding boiler operation generally will be found to be 
due to one of the following: 

1. Tlte toiler fails to deliver enough heaL The cause of this condition may be: (a) poor 
draft; (t) poor fuel; (c) inferior attention or firing; id) boiler too small; (e) improper 
piping; (f) improper arrangement of sections; (g) heating surfaces covered with soot; 
and (h) insufficient radiation installed. 

2. The waterline is unsteady. The cause of this condition may be: (a) grease and dirt 
in boiler; (6) water column connected to a very active section and, therefore, not 
showing actual water level in boiler; and (c) boiler operating at excessive output. 

3. Water disappears from gage glass. This may be caused by: (a) priming due to 
grease and dirt in boiler; (6) too great pressure difference between supply and return 
piping preventing return of condensation; (c) valve closed in return line; (a) connection 
of bottom of water column into a very active section or thin waterway; and (e) improper 
connections between boilers in battery permitting boiler with excess pressure to push 
returning condensation into boiler with lower pressure. 

4. Water is carried over into steam main. This may be caused by: (a) grease and dirt 
in boiler; (b) insufficient steam dome or too small steam liberating area; (c) outlet con- 
nections of too small area; (d) excessive rate of output; and (e) water level carried 
higher than specified. 

5. Boiler is slow in response to operation of dampers. This may be due to: (a) poor 
draft resulting from air leaks into chimney or breeching; (6) inferior fuel; (c) inferior 
attention; \d) accumulation of clinker on grate; and {e) boiler too small for the load. 

6. Boiler requires too frequent cleaning of flues. This may be due to: (a) poor draft; 
(jb) smoky combustion; (c) too low a rate of combustion; and {d) too much excess air 
in firebox causing chilling of gzises. 

7. Boiler smokes through fire door. This may be due to: (u) defective draft in chinmey 
or incorrect setting of dampers; (b) air leaks into boiler or breeching; (c) gas outlet from 
firebox plugged with fuel; (d) dirty or clogged flues; and (e) improper reduction in 
breeching size. 

8. Low carton dioxide. This may be due on oil burning boilers to: (a) improper ad- 
justment of the burner; {t) leakage through the boiler setting; (c) improper fire caused 
by a fouled nozzle; or (d) to an insufficient quantity of oil being burned. 

Cleaning Steam Boilers 

All boilers are provided with flue clean-out openings through which the 
heating surface can be reached by means of brushes or scrapers. Flues 
of solid fuel boilers should be cleaned often to keep the surfaces free of 
soot or ash. Gas boiler flues and burners should be cleaned at least once 
a year. Oil burning boiler flues should be examined periodically to deter- 
mine when cleaning is necessary. 

The grease used to lubricate the cutting tools during erection of new 
piping systems serves as a carrier for sand and dirt, with the result that 
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a scum of fine particles and grease accumulates on the surface of the 
water in all new boilers, while heavier particles may settle to the bottom 
of the boiler and form sludge. These impurities have a tendency to cause 
foaming, preventing the generation of steam and causing an unsteady 
water line. 

This unavoidable accumulation of oil and grease should be removed 
by blowing off the boiler as follows: If not already provided, install a 
surface blow connection of at least in. nominal pipe size with outlet 
extended to within 18 in. of the floor or to sewer, inserting a valve in line 
close to boiler. Bring the water line to center of outlet, raise steam pres- 
sure and while fire is burning briskly open valve in blow-off line. When 
pressure recedes, close valve and repeat process adding water at intervals 
to maintain proper level. As a final operation bring the pressure in the 
boiler to about 10 lb, dose blow-off, draw the fire or stop burner, and open 
drain valve. After boiler has cooled partly, fill and flush out several times 
before filling it to proper water level for normal service. The use of soda, 
or any alkali, vinegar or any add is not recommended for cleaning heating 
boilers because of the difficulty of complete removal and the possibility 
of subsequent injury, after the cleaning process has been completed. 

Insoluble compounds have been developed which are effective, but 
special instructions on the proper cleaning compound and directions for 
its use in a boiler, as given by the boiler manufacturer, should be carefully 
followed. 

Care oi Idle Heating Boilers 

Heating boilers are often seriously damaged during summer months 
due chiefly to corrosion resulting from the combination of sulphur from 
the fuel with the moisture in the cellar air. At the end of the heating 
season the following precautions should be taken : 

1. All heating surfaces should be cleaned thoroughly of soot, ash and residue, and the 
heating surfaces of steel boilers should be given a coating of lubricating oil on the fire 
side. 

2. All machined surfaces should be coated with oil or grease. 

3. Connections to the chimney should be cleaned and in case of small boilers the pipe 
should be placed in a dry place ^ter cleaning. 

4. If there is much moisture in the boiler room, it is desirable to drain the boiler to 
prevent atmospheric condensation on the heating surfaces of the boiler when they are 
below the dew-point temperature. Due to the hazard of some one inadvertently building 
a fire in a dry boiler, however, it is safer to keep the boiler filled with water. A hot water 
system usually is left filled to the expeinsion tank. 

5. The grates and ashpit should be cleaned. 

6. Clean and repack the gage glass if necessary. 

7. Remove any rust or other deposit from exposed surfaces by scraping with a wire 
brush or sandpaper. After boiler is thoroughly cleaned, apply a coat of preservative 
paint where required to external parts normally painted. 

8. Inspect all accessories of the boiler carefully to see that they are in good working 
order. In this connection, oil all door hinges, damper bearings and regulator parts. 
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^adiaiord and C^onuectord 


Heat Ezxiission of Radiators and Convectors, Types of Radi- 
ators, Convectors, Radiator and Convector Ratings, Effect of 
Operating Conditions, Heating Effect, Heating Up the Radi- 
ator and Convector, Enclosed Radiators 


T he accepted terms for heating units are: (1) radiators, for direct 
surface heating units, either exposed, enclosed, or shielded, which 
emit a large percentage of their heat by radiation; and (2) convectors, for 
heating units haying a large percent^e of extended fin surface and which 
emit heat principally by convection. Convectors are dependent upon 
enclosures to provide the circulation by gravity of large volumes of air. 


HEAT EMISSION OF RADIATORS AND CONVECTORS 

Most heating units emit heat by radiation and convection. The re- 
sultant heat from these processes depends upon whether or not the heating 
unit is exposed or enclosed and upon the contour and surface charac- 
teristics of the material in the units. 

An exposed radiator emits roughly half of its heat by radiation, the 
amount depending upon the size and number of sections. When the 
radiator is enclosed or shielded, the proportion of radiation is further 
reduced. The balance of the emission is by conduction to the air in con- 
tact with the heating surface, and the resulting circulation of the air 
warms by convection. 

A convector emits practically all of its heat by conduction to the air 
surrounding it and this heated air is in turn transmitted by convection to 
the rooms or spaces to be warmed, the heat emitted by radiation being 
negligible. 

The output of a radiator can be measured only by the heat it emits. 
The old standard of comparison used to be square feet of actual surface, 
but since the advance in radiator design and proportions, the surface area 
alone is not a true index of output. (The engineering unit of output is the 
Mbh or 1000 Btu per hour.) However, during the period of transition 
from the old to the new, radiators may be referred to in terms of equivalent 
square feet. For steam service this is based on an emission of 240 Btu 
per hour per square foot and for hot water service 150 Btu per hour per 
square foot. 

TYPES OF RADIATORS 

Present day radiators may be classified as tubular, wall, or window 
type and are generally made of cast-iron. Only the small-tube type of 
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tubular radiators with a spacing of in. per section are now available, 
the large-tube type which had a spacing of 23 ^ in. per section having 
been discontinued. Small-tube radiators occupy less space and are 
particularly suited for installation in recesses. 

After a complete study of the demand for various sizes of radiators, the 
Institute of Boiler and Radiator Manufacturers^ in cooperation with the 
Division of Simplified Practice, National Bureau of Standards, established 


Table 1. Small-Tube Cast-Iron Radiators 


Number 

OF 

Tubes 

Section 

Catalog 

Rating 

PER 

Section^ 

Section Dimensions 


A 

Heighto 

B 

Width 

c 

Spadngb 

D 

Leg 

Heighto 

t-Ci l-B- 



1 

1^ 



Minimum 

Maximum 

SqFt 

In. 

In. 

In. 

In. 

In. 

3d 

1,6 

25 


3K 

IM 

2M 

4d 


19 

22 

25 

4% 

4% 

4% 

4% 

4% 

m 

15€ 

2M 

2}^ 

W 2 

5d 

2.1 

2.4 

22 

25 

55^ 

5^ 

656 

656 

m 

m 

2J4 

2}^ 

6d 

1.6 

2.3 

3.0 

3.7 

14 

19 

25 

32 

s 

s 

8 

i 8 

8 

8 

m 

2K 

2H 

2H 

2M 


ajhe square foot of eqiuvalent direct steam radiation is defined as the ability to emit 240 Btu per hour, 
with steam at 215 F, in air of 70 F. These ratings apply only to installed radiators exposed in a normal 
manner; not to radiators installed behind enclosures, jpilles, etc. (See A S.H.V.E. Code for Testing Rai^- 
ators.) 

^Length equals number of sections times 1% in. 

«Over-all height and leg height, as produced by some manufacturers, are one inch (1 in.) greater tTian 
shown in Columns A and D Radiators may be furnished without legs. Where greater than standard leg 
heights are required this dimension shall be in. 

dOr equaL 

Simplified Practice Recommendation R174-43 for small-tube cast-iron 
radiators. Table 1 shows the size and dimensions of small-tube cast-iron 
radiators which are being manufactured at the present time. 

Wall radiators are now rated in terms of equivalent square feet, the 
same as small-tube radiators. Tests have shown that the heat emitted 
from a wall-type radiator may be reduced from 5 to 10 per cent if the 
radiator is placed near the ceiling with the bars horizontal and in an air 
temperature exceeding 70 F. When radiators are placed near the ceiling, 
there is usually such a large difference in the temperature between the 
floor level and the ceiling that it becomes difficult to heat the living zone 
of the room satisfactorily. 

Pipe coils are assemblies of standard pipe or tubing (1 in. to 2 in.) which 
are used as radiators. In older practice these coils were commonly used 
in factory buildings, but now wall-type radiators are most frequently used 
for this service. When coils are used, the miter type assembly is to be 
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preferred as it best cares for expansion in the pipe. Cast manifolds or 
headers, known as branch tees, are available for this construction. 

The heat emission of pipe coils placed vertically on a wall with the 
pipes horizontal is given in Table 2. This has been developed from avail- 
able data and does not represent definite results of tests. For such coils 
the heat emission varies as the height of the coil. The heat emission of 
each pipe of ceiling coils, placed horizontally, is about 126 Btu, 156 Btu, 
and 175 Btu per linear foot of pipe, respectively, for 1-in., Iji^-in., and 
IJ^-in. coils. 


CONVECTORS 

Cast-iron radiators may be concealed in a cabinet or other enclosure for 
appearance. In such cases a greater percentage of heat is conveyed to 
the room by convection thereby resulting in a form of gravity convector. 


Table 2. Heat Emission of Pipe Coils Placed Vertically on a Wall (Pipes 
Horizontal) Containing Steam at 215 F and Surrounded with Air at 70 F 

Btu per linear foot of coil per hour (not linear feet of pipe) 


Size of Pipe 

1 In. 

1>^IN. 


Single row 

132 

162 

185 

Two. 

262 

312 

348 

Four 

440 

545 

616 

Six 

567 

702 

793 

Fight __ 

651 

796 

907 

Ten . _ . 

732 

907 

1020 

Twelve . __ 

812 

1005 

1135 



A typical recessed convector is shown in Fig. 1. The heating element 
consisting of a large percentage of fin surface is usually shallow in depth 
and placed low in the enclosure in order to produce maximum chimney 
effect in the enclosure. The air enters the enclosure near the floor line 
just below the heating element, is moderately heated in passing through 
the core and delivered to the room through an opening near the top of 
enclosure. Since the air can only enter the enclosure at the floor line, the 
cooler air in the room, which always lies at this level, is constantly being 
withdrawn and replaced by the warmer air. This air movement accom- 
plishes the desired reduction in temperature differentials and assures 
maximum comfort in the living zone. 

Concealed heaters or convectors are generally available as completely 
built-in units. The enclosing cabinet should be designed with suitable 
air inlet and outlet grilles to give the heating element its best performance. 
Tables of capacities are catalogued for various lengths, depths and heights, 
and combinations are available in several styles for installations, such as 
the wall-hung type, free-standing floor type, recess type set flush with wall 
or offset, and the completely concealed type. Most of these types may be 
arranged with a top outlet grille in a plane parallel with the floor; although 
the front outlet is practically standard. In cases where enclosures are to 
be used but are not furnished by the heater manufacturer, it is imfjortant 
that the proportions of the cabinet and the grilles be so designed that they 
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will not impair the performance of the assembled convector. It is desirable 
that the enclosure or housing for the convector fit as snugly as possible 
so that the air to be heated must pass through the convector and cannot 
be by-passed in the enclosure. 

The output of a convector, for any given length and depth, is a function 
of the height. Published ratings are generally given in terms of equiva- 
lent square feet, corrected for heating effect. However, an extended 
surface heating unit is entirely different structurally and physically from 
a direct radiator and, since it has no area measurement corresponding to 


Enclosure T 

It \ 

1^ ^Damper 




'Insulating 

board 


Removable metal 
front 

“^Heating unit 
Finished floor 


SECTION 


Metal front 




Outlet grille 




Inlet opening 
open or grilled 


Removable gnile 




Damper- 


_ Plaster or_ 

“wood front” 

Removable 
slotted , — - 

“““"■sJSI 

Finished floor. 




ELEVATION I 

Fig. 1. Typical Recessed Convector 


Plaster front 


SECTION 


the heating surface of a radiator, many engineers believe that the per- 
formance of convectors should be stated in Btu. For steam convectors, 
as for radiators, 240 Btu per hour may be taken as an equivalent square 
foot of radiation. When more than one heating unit is used, one mounted 
above ^e other in the same cabinet, the output of the upper unit or 
units will be materially less than that of the bottom unit. 


RADIATOR AND CONVECTOR RATINGS 

A standard method of testing radiators was adopted by the A.S.H.V.E. 
in 1927^. ^ This Code provides for a standard test room, the temperature 
of which is to be maintained at 70 F, measured in the center of the room at 
an elevation of 5 ft above the floor. The steam temperature in the radi- 
ator is to be 215 F, which corresponds to 15.6 lb per square inch absolute. 
The weight of condensate per hour, under these standard conditions, 
multiplied by the difference in the enthalpy of the steam entering the 
radiator and that of the condensate leaving the radiator, gives the radiator 
output in Btu per hour. This output divided by 240 gives the steam 
rating of the radiator in square feet. 

Similar test inethods for convectors are the A.S.H.V.E. Codes for 
Testing and Rating Concealed Gravity Type Radiation^, (Steam Code 
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1931 and Hot Water Code 1933). These Codes recognize a different type 
of test booth, and the air temperature used is that of the air entering the 
convector casing instead of the temperature in the center of the room. 
The entering air temperature for standard test conditions is 65 F. For 
hot water the standard test conditions call for a mean temperature of the 
water in the convector of 170 F. 

The Convector Manufacturers Association has adopted the A.S.H.V.E. 
standard in the formulation of its ratings and has compiled a tentative 
standard of heating effect allowances for various enclosure heights to be 
included in the ratings by its members. 

All published ratings bearing the title C.M.C. Ratings {Convector Manu- 
facturers Certified Ratings) indicate that the convectors have been tested 


Table 3. Correction Factors for Direct Cast-Iron Radiators and Convectors^ 


Steam 

Press. 

Approx. 

Heating 
Medium 
Temp F 
Steam 

OR 

Water 

Factors for Direct 

Cast-Iron Radiators 

Factors for Convectors 

Room Temperature F 

Inlet Am Temperature F 

Gage 
Vacuum 
In. Hg. 

Aba. 

Lb per 
Sq In. 

80 

75 

70 

65 

60 

55 

50 

80 

75 

70 

65 

60 

55 

50 

22.4 

3.7 

150 

2.58 

2.36 

2.17 

200 

1.86 

1.73 

162 

3.14 

2.83 

2.57 

2.35 

2.15 

1.98 

1.84 

20.3 

4.7 ! 

160 

217 

2.00 

1.86 

173 

162 

1.52 

1.44 

2.57 

i 2.35 

2.15 

1.98 

1.84 

171 

1.59 

17.7 

6.0 

170 

186 

173 

162 

152 

1.44 

135 

1.28 

2.15 

1.98 

1.84 

1.71 

1.59 

1.49 

1.40 

14.6 

7.5 1 

180 

1.62 

1.52 

1.44 

135 

1.28 

1.21 

1.15 

184 

1.71 

1.59 

1.49 

1.40 

1.32 

1.24 

10.9 

9.3 

190 

1.44 

1.35 

128 

121 

1.15 

1.10 

1.05 

1.59 

1.49 

1.40 

1.32 

124 

117 

1.11 

65 1 

11.5 

200 

1.28 

1.21 

1.15 

1.10 

1.05 

1.00 

0.96 

1.40 

1.32 

1.24 

1 17 

1.11 

1.05 

1.00 

LbperSqIn. 

















1 

15.6 

215 

1.10 

105 

100 

096 

092 

0.88 

0 85 

1.17 

1.11 

1.05 

lOO 

0.95 

0 91 

0.87 

6 

21 j 

230 

0.96 

0.92 

0.88 

0.85 

0.81 

0.78 

0.76 

1.00 

0 95 

0.91 

0 87 

0.83 

0.79 

0.76 

15 

30 

250 

081 

0.78 

0 76 

073 

0.70 

068 

0.66 

0.83 

0.79 

0.76 

0.73 

0.70 

0.68 

0 65 

27 

42 1 

270 

0 70 

068 

0.66 

064 

0.62 1 

0 60 

0.58 

0.70 i 

0.68 

0.65 

0.63 

0.60 

0.58 

0.56 

52 

67 1 

300 

0 58 

0.57 

0 55 

0 53 

052 

051 

0 49 

0 56 

0 54 

0 53 

0.51 

0.49 

0.48 

0 47 


®To determine the size of a radiator or a convector for a given space, divide the heat loss in Btu per hour 
by 240 and multiply the result by the proper factor from the above table. 

To determine the heating capacity of a radiator or a convector under conditions other than the basic 
ones with the heating medium at a temperature of 215 F, and the room temperature at 70 F in the case of a 
radiator, and the inlet air temperature at 65 F in the case of a convector, divide the heating capacities at the 
basic conditions by the proper factor from the above table. 


in accordance with the A.S.H.V.E. Code by an impartial and disinterested 
laboratory and that the ratings have been approved by the Standardiza- 
tion Committee of the Convector Manufacturers Association. 

Effect of Operating Conditions 

The heat output of a radiator is proportional to the 1.3 power of the 
temperature difference between the air in the room at the 60 in. level and 
the heating medium in the radiator. The heat output of a convector is 
proportional to the 1.5 power of the temperature difference between the 
air entering the convector and the heating medium, steam or hot water, 
within the convector®. For hot water the arithmetical average between 
entering and leaving water temperatures is used. These laws may be 
expressed as correction factors to change from output under standard 


»A.S.H.V.E. Research Report No. 998 — Factors Affecting the Heat Output of Convectors, by A. P. 
Kratz, M. K. Fahnestock, and E. L. Broderick (A.S.H.V.E. Transactions, Vol, 40, 1934, p. 443). 
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rating-test conditions to output under other operating conditions. Such 
factors are given in Table 3. 

When it is desired to change the output under any test conditions to 
the corresponding output under standard Code test conditions, the 
reciprocal form of correction factor may be derived. The equations for 
steam units are: 

For radiators : For convectors : 

The output under standard conditions will be: 


Ha = Ca Ht 

where 

Ca = correction factor. 

ta “ steam temperature during test, degrees Fahrenheit. 
tr — room temperature during test, degrees Fahrenheit. 
ti = inlet air temperature during test, degrees Fahrenheit. 

Ha — heat emission rating under standard conditions, Btu per hour, 
fit = heat output under test conditions, Btu per hour. 


The relation between the size of the radiator or convector and the size 
of the test room will affect the results obtained in a capacity-rating test^. 
The height and location of the radiator and the insulation of the test room 
are other important factors that are not specifically regulated by the Code. 

For a radiator, the finish coat of paint affects the heat output. Oil 
paints of any color will give about the same results as unpainted black or 
rusty surfaces, but an aluminum or a bronze paint will reduce the heat 
emitted by radiation. The net effect may be a reduction of 10 per cent 
or more in the total heat output of the radiator®’®*^. 

Radiator enclosures and convector casings affect the heat distribution 
within the room as well as the total amount of heat supplied by the steam 
or hot water®. 


Heating Effect 

For several years the term heating effect has been used to designate the 
relation between the useful output of a radiator, in the comfort zone of a 
room, and the total input as measured by steam condensation or water 
temperatures®. The application of such a heating effect factor is a recogni- 
tion that some radiators and convectors use less steam than others for 
producing equal comfort heating results in the room. 

No standard method for evaluating the heating effect of radiators and 
convectors and correlating it with comfort has yet been accepted. One 


Muendng the H^t Output of Radiators, by A. C. Davis, W. M. Sawdon and David Dropkin 

ComeU University, Engineering Experiment Station 

University, Engineering Experiment Station 

Radiator Finishes, by W. H. Sevems (A.S.H.V.E. Transactions, Vol. 33. 

meat Loss from Direct Radiation, by J. R. AUen (A.S.H.V.E. Transactions, Vol 26 1920 p 11) 
SM (Univemty of Ton,nto. ScLl ^ En,,^eHni 

p. Kadiators, by Dr. ChariM Brabbrf (A.S.H.V.E. Transactions. Vol. 33, 1927, 
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method, with test data^° on radiators and convectors, and making use of 
the eupatheoscope for evaluating the environment produced, has been 
suggested by the University of Illinois. The principle underlying the 
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Fig. 3. Temperature Gradients and Equivalent Temperatures for Radiator 
AND Convectors with Common Equivalent Temperature 

eupatheoscope involves the measurement of the heat loss from a sizable 
body by radiation and convection, when the surface is maintained at 
some constant temperature. Through the use of this instrument and its 
calibration curve, non-uniform environments may be referred to uniform 


“A.S.H.V.E. Research Report No. 962 — ^The Application of the Eupatheoscope for Measuring the 
Performance of Direct Radiators and Convectors in Terms of Equivalent Temperature, by A. C. Willard, 
A. P. Krata and M. K. Fahnestock (A.S H.V.E. Transactions, Vol. 39, 1933, p. 303). 
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environments in which the air and all surrounding surfaces are at the 
same temperature. The temperatures of the uniform environments are 
referred to as equivalent temperatures. 

Data given in Fig. 2 show that while the air temperature at the 30 in. 
level is the same for the three convectors and the one large-tube cast-iron 
radiator, in position No. 3 in the test room, the equivalent temperature 
is 1.5 F lower than the air temperature in the case of the three convectors, 
and the same as the air temperature in the case of the radiator. The 
difference between the minimum and the maximum amount of heat 
required to maintain the common air temperature at the 30 in. level is 
of the order of 13 per cent. 

In Fig. 3 are shown the results of tests made with the same three 
convectors and the one large-tube cast-iron radiator, so adjusted in size 
that each gave approximately the same equivalent temperature in the 
No. 3 position in the test room. The difference between the miminum 
and^ the maximum amount of heat required to maintain the common 
equivalent temperature is of the order of 7 per cent. 

The Kata thermometer^^ the thermo-integrator^^*^^, and the globe^^ 
thermometer are other instruments which have been used to measure 
the influence of air temperature, air movement and radiation in an 
environment. 

The following statements applying to the use of radiators are based on 
experience and test results : 

1. The heating effect of a radiator cannot be judged solely by the amount of steam 
condensed within the radiator. 

2. Smaller floor-to-ceiling temperature differentials can be maintained with long, low, 
thin, direct radiators, than is possible with high, direct radiators. 

3. The larger portion of the floor-to-ceiling temperature differential in a room of 
average ceiling height heated with direct radiators occurs between the floor and the 
breathing level. 

4. The comfort level (approximately 2 ft-6 in. above floor) is below the breathing line 
level (approximately 5 ft-0 in. above floor), and temperatures taken at the breathing 
line may^ not be indicative of the actual heating effect of a radiator in the room. The 
comfort-indicating temperature should be taken below the breathing line level. 

5. High column radiators placed at the sides of window openings do not produce as 
comfortable heating effects as long, low, direct radiators placed beneath window 
openings. 


HEATING UP THE RADIATOR AND CONVECTOR 

The maximum condensation occurs in a heating unit when the steam 
is first turned on. Tests^® on an old-style column-type cast-iron radiator 
indicated that in the first 10 min the condensation rate reached a peak of 


XT Defects, by W. J. McConneU and C. P. Yagloglou. (Reprint 

No. 953 from 27, 5. Public Health Service Report, pp. 2293-2337, September 5, 1924), 

„„“The Thermo-Integr^or—A New Instrument for the Observation of Thermal Interchanges, by C.-E. A. 
Winslow and I^nard Greenburg (A.S.H V.E. Transactions, VoL 41, 1935, p. 149). 

T Calibration of the Thermo-Integrator, by C.-E. A. Winslow. A P. Gagge, Leonard Greenburg, 

I. M. Monyama and E. J, Rodee. {The American Journal of Hygtene,Yo\, 22. No. 1, Jidy, 1935, pp. 137-156). 

Globe Thermomet^ in Studies of Heating and Ventilation, by T. Bedford and C. G. Warner. 
{The Journal of Hygiene, Vol. 34, No. 4). 

« “A-S-H.V.E. Resmch Report No. 1067— The CooUng and Heating Rates of a Room with Different 
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0.95 lb per square foot of radiator per hour and 10 to 15 min later lowered 
to a rate of 0.24 lb. In practice the rate of steam supply to the heating 
unit, while heating up, is frequently retarded by controlled elimination of 
air through air valves or traps. Automatic control valves may also retard 
the supply of steam. Vacuum types of air venting valves may be used 
to reduce the length of the venting periods. 

ENCLOSED RADIATORS 

The general effect of an enclosure placed about a direct radiator is to 
restrict the air flow, diminish the radiation and, when properly designed, 



improve the heating effect. Investigations^® indicate that in the design 
of the enclosure three things should be considered : 

1. There should be better distribution of the heat below the breathing line level to 
produce greater heating comfort and lowered ceiling temperatures. 

2. The lessened steam consumption may not materially change the radiator heating 
performance. 

3. The enclosed radiator may inadequately heat the space. 

A comparison between a bare or exposed radiator (.4) and the same 
radiator with a well-designed enclosure (B)^ with a poorly-designed 
enclosure (C), and with a cloth cover (D) will illustrate the relative 
heating effects. In Fig. 4 the curve (B) reveals that the enclosed radiator 
used less steam than the exposed radiator, but gave a satisfactory heating 
performance. A well-designed shield placed over a radiator gives about 
the same heating effect. Curve (C) shows the unsatisfactory effects 
produced by improperly-designed enclosures. Curve (D) shows that the 


i«Univeraity of Illinois, Engineering Experiment Station Bulletins Nos. 192 and 223. and Investigation 
of Heating Rooms with Direct Steam Radiators Equipped with Enclosures and Shields, by A. C. Willard, 
A. P. Kratz. M. K. Fahnestock and S. Konzo (A.S.H.V.E. Transactions, Vol. 35, 1929, p. 77). 
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effect of a cloth cover extending downward 6 in. from the top of the 
radiator was to make the performance unsatisfactory and inadequate. 

Some commercial enclosures and shields for use on direct radiators are 
equipped with water pans for the purpose of adding moisture to the air 
in the room. Tests^^ show that an average evaporative rate of about 
0.235 lb per square foot of water surface per hour may be obtained from 
such pans, when the radiator is steam hot and the relative humidity in the 
room is between 25 and 40 per cent. This source of supply of moisture 
alone is not adequate to maintain a relative humidity above 25 per cent 
on a zero day. 


i^niversity of Illinois, Engineering Experimeni Station Bulletin No. 230, p. 20. 
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Gravity and Mechanical Return, Gravity One-Pipe Air-Vent, 

Gravity Two-Pipe Air-Vent, Air Line Heating, One-Pipe Vapor, 
Two-Pipe Vapor, Atmospheric, Condensation Return, Vacu- 
um, Sub-Atmospheric, Orifice, Zone Control, Condensation 
Return Pumps, Vacuum Heating Pumps, Traps 

S TEAM heating systems may be classified according to the pipe 
arrangement, the accessories used, the method of returning the con- 
densate to the boiler, the method of expelling air from the system, or the 
type of control employed. Information concerning the design and layout 
of steam heating systems will be found in Chapter 15. 

GRAVITY AND MECHANICAL RETURN 

Systems are classified as gravity or mechanical according to the method 
of returning the condensate from the system to the boiler. In gravity 
systems the condensate is returned by gravity due to the static head of 
water in the return pipes or mains. The elevation of the boiler water 
line must be sufficiently below the lowest heating unit, steam pipe or dry 
return pipe to permit the return by gravity. The water line difference 
forming the static head must be sufficient to overcome the maximum 
pressure drop in the system, including the pressure drop due to the 
condensing effect of the radiation. When radiator and drip traps are 
used, as in two-pipe vapor systems, the static pressure must also exceed 
the operating pressure of the boiler. The pressure drop caused by con- 
densing rate of the radiation is especially important during those portions 
of the operating periods where (hanging pressure conditions prevail, eis 
for example, when the system is being initially filled with steam. In 
systems where the condensate is wasted to the sewer, no water line differ- 
ence is required as is the case with closed systems. However, the waste of 
condensate may introduce conditions which warrant the use of an 
appropriate mechanical system. Whenever the conditions of a heating 
system are such that the returns from the radiation cannot gravitate to 
the boiler, they must be returned by some mechanical means. 

In mechanical systems the condensate flows to a receiver by gravity and 
is then forced into the boiler against its pressure. In all instances the 
preferable practice is to provide for gravity flow even where a vacuum 
pump is used. The lowest parts of the supply side of the system must be 
kept sufficiently above the water line of the receiver to insure adequate 
drainage of water from the system. 
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There are three general types of mechanical return devices in common 
use, namely, (1) the mechanical return trap, (2) the condensation return 
pump, and (3) the vacuum return line pump. 



GRAVITY ONE-PIPE AIR-VENT SYSTEM 

This system is the most common of all methods of steam heating, 
especially for small size installations, due largely to its low cost and 
simplicity. 



Up to radiator or riser - 
. Pitch, ^in. per ft 


‘Steam mam 

•3 ft approximately - 


Fig. 2. Typical Steam Runout 
Risers are Not Dripped 



Drip to 

v?et return I 


Fig. 3. Typical Steam Runout where 
Risers are Dripped 


The downward pitch of a one-pipe air-vent system is indicated in Fi? 1 
and ends of steam mains pitched down from the boiler 
should be dripped. All drips should be sealed below water line before 
connecting together. In the risers and radiator connections, steam and 
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condensation flow in opposite directions. In long steam mains it flows in 
the same direction as the steam and is removed from the main through 
the drip. Short mains may be arranged for the condensate to flow in a 
direction opposite the steam by sizing them so the critical velocity is not 
exceeded. It is customary to drip the heel of each riser in buildings of 
several stories to avoid counter-flow of the steam and condensate in the 
riser branch. In buildings of one or two stories the condensate is returned 
to the steam main instead of being dripped. Both types of risers are 
shown in Fig. 1, and riser connections are shown in Figs. 2 and 3. A 
typical overhead down-feed system is illustrated in Fig. 4. While wet 
return mains need not be pitched toward the boiler to maintain steam 
circulation, they should be pitched for drainage. 



To improve steam circulation in one-pipe systems quick vent air valves 
should be provided at the ends and at intermediate points where the 
steam main is brought to a higher elevation. It is desirable to install the 
air-vent valves about a foot ahead of the drips, as indicated in Fig, 1, 
to prevent possible damage to their mechanisms by water. 

The radiator valves may be the angle-globe, offset-corner pattern or 
gate type. Straight-globe and straight-comer type should not be used 
since the damming effect of the raised valve seat would interfere with the 
flow of condensation through the valve. Graduated valves cannot be 
used since the steam valves on this system must be fully open or fully 
closed to prevent the radiators filling with water and creating a dangerous 
water line condition. With a one-pipe system the heat cannot be modu- 
lated at the radiator, the steam being either all on or all Systems and 
devices are available which make it possible to obtain a partial modulating 
effect from one-pipe heating systems. 
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It is important to keep the lowest points of the steam mains and heating 
units sufficiently above the water line of the boiler to prevent flooding. 
The minimum water line difference depends on the initial steam pressure 
and piping pressure drop plus a safety factor for heating up. 


Boiler steam pressure 


Steam pressure at 
end of main 



j 

^^Water line of boiler.^ ■ 

FifrIZii- 

Level iWet return 





^ Rise -water 
line difference 


'y7y(f7jy77777777777^y777r7777777 /:'77^^7777777777T 

Fig. 5. Difference in Steam Pressure on Water in Boiler 
AND AT End of Steam Main 


Referring to Fig. 5 it will be noted that the water in the wet return is a U-shaped 
container, with the boiler steam pressure on the top of the water at one end and the steam 
main pressure on the top of the water at the other end.^ The difference between these two 
pressures is the pressure drop in the system, i.e.^ the friction and resistance to the flow of 
steam in passing from the boiler to the far end of the main and the pressure reduction in 
consequence of the condensation occurring in the system. The water in the far end will 



rise sufficiently to overcome this difference in order to balance the pressures, and it will 
rise far enough to produce a flow through the return pipe and overcome the resistance of 
check valves if installed. 

If a one-pipe steam system is designed, for example, for a total pressure drop of H lb, 
and utilizes a Hartford return connection instead of a check valve on the return, the rise 
in the water level at the far end of the return due to the difference in steam pressure 
would be of 28 in. (28 in, head being equal to one pound per square inch), or 3)^ in. 
Adding 3 in. to overcome the resistance of the return main and 6 in. as a factor of safety 
for heating up gives 12J^ in. as the distance; the bottom of the lowest part of the steam 
main and all heating units must be above the boiler water line. The same system, 
however, installed and sized for a total pressure drop of lb, and with a check in the 

264 




CHAPTER 14. STEAM HEATING SYSTEMS 


return, would require H of 28 in., or 14 in. for the difference in steam pressure, 3 in. for 
the flow through the return, 4 in. to operate the check, and 6 in. for a factor of safety, 
making a total of 27 in. as the required distance. Higher pressure drops would increase 
the distance accordingly. 

GRAVITY TWO-PIPE AIR-VENT SYSTEMS 

The gravity two-pipe system indicated in Fig. 6 is now considered 
obsolete although many of these systems are still in use in older buildings. 
The same general principles governing its piping design are used when 
connecting radiators as in other types of gravity systems where they must 
discharge their condensation to the wet return pipe. Separate supply 
and return mains and connections are required for each heating unit. 
Radiator valves are required in both the supply and return connection to 
the radiator, and air valves are installed on the heating units and the 
mains. Where the return main has to be located high to function as a 



Pig. 7. Method of Connecting Two-Pipe Gravity 
Returns to Dry Return Main 

dry return, it is advisable to connect the return risers to the dry return 
main through water seals, as shown in Fig. 7, to prevent steam from one 
riser entering another. 

The steam main in the down-feed system is carried to the top of the 
building, and the piping of the steam side is arranged as in the down-feed 
one-pipe gravity system. On the return side of the system, the piping is 
arranged in exactly the same manner as the up-feed gravity two-pipe 
system. 

AIR LINE HEATING SYSTEMS 

Both one- and two-pipe systems are at times provided with air valves 
which, instead of venting to the atmosphere direct, vent to a return pipe 
system of small size, which in turn is vented to atmosphere or connected 
to a vacuum pump. These are known as one-pipe and two-pipe air line 
systems. Where the air line is exhausted by a vacuum pump they are 
termed one-pipe or two-pipe vacuum air line systems, 

ONE-PIPE VAPOR SYSTEM 

The one-pipe vapor system operates under pressures at or near atmos- 
pheric and returns its condensation to the boiler by gravity. In this 
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system the automatic air valves are of special design to permit the ready 
release of air and prevent its ready return after it is expelled. The steam 
radiator valves are a type which, when opened, give a free and unob- 
structed passageway for water. The piping is the same as for the one-pipe 
gravity system but sized so as to permit operation at a few ounces 
pressure. 


TWO-PIPE VAPOR SYSTEM 

A two-pipe up-feed vapor system using separate supply and return 
pipes is shown in Fig. 8. The radiators discharge their condensation 
through thermostatic traps to the dry return pipe. These systems operate 
at a few ounces pressure and above, but those with mechanical condensate 
return devices may operate at pressures upward of 10 lb. The simplest 



•Proper piping connections are essential with special appliances for pressure equalizing and air elimination. 


method of venting the system consists of a ^-in. pipe with a check valve 
opening outward. Most systems employ various forms of vent valves, 
designed to allow the air to readily pass out of the system and to prevent 
its return. These systems permit control of the heat in the radiator by 
varying the opening of the graduated radiator valves. The boiler pressure 
is maintained at substantially constant pressure slightly above atmos- 
pheric pressure. 

These systems may be classified as (1) closed systems^ consisting of those 
which have a device to prevent the return of air after it has once been 
expelled from the system, and which can operate at both super and sub- 
atmospheric pressures for a period of four to eight hours depending upon 
the tightness of the system and rate of firing, and (2) open systems^ com- 
prising those which have the return line constantly open to the atmos- 
phere without a check or other means to prevent the return of air. The 
open systems are not so popular because they have the disadveintage of 
not holding heat when the rate of steam generation is diminishing. Sys- 
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terns of this design should preferably be equipped with an automatic 
return trap to prevent water from backing out of the boiler. In installing 
the return trap a check valve is inserted in the return main at a point near 
the boiler and a vertical pipe is run up into the bottom of the return trap, 
which is usually located with the bottom about 18 in. above the boiler 
water line. Some traps are constructed so that they will operate when 
they are installed with their bottom as close as 8 in. above the boiler water 
line. On the other side of this connection a second check valve is installed 
in the main return just before it enters the boiler. Fig. 9 shows a typical 
connection for an automatic return trap. 


Non Return 



Down-Feed Two-Pipe Vapor System 

In the down-feed two-pipe vapor system the steam is carried to the top 
of the building, the top of the vertical riser constituting the high point of 
the system, and the horizontal supply main is sloped down from this 
location to the far ends of each branch. The branches are taken off the 
main from the bottom or at a 45-deg angle downward, with the runouts 
sloped toward the i-ops. Thus each branch from the main forms a drip 
and no accumulation of water is carried down any one drop. 

The steam drops are carried down through the building with suitable 
reductions as the various radiator connections are taken off until the 
lowest radiator runout is reached. If the drop is only two or three stories 
high, the portion feeding the bottom radiator should be increased one 
pipe size to provide for draining the riser, and if the drop is over three 
stories high it is well to increase the portion feeding the two lowest radi- 
ators one or two pipe sizes, espedally if the two lowest radiators are small 
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and the normal size of drop required is 1 in. or less. The bottom of each 
steam drop should terminate with a dirt pocket and be dripped as shown 
in Fig. 10. The returns on a down-feed vapor system are the same as on 
an up-feed system. The runouts to the radiators and the radiator con- 
nections of the down-feed system are the same as those for the up-feed 
system already described. 

CONDENSATION RETURN HEATING SYSTEMS 

When automatic condensation return pumps are substituted for the 
gravity return of a two-pipe vapor system they are known as return 
systems or return pump heating systems. A typical installation of a motor 
driven automatic condensation unit is illustrated in Fig. 11. It will be 
noted that the returns are graded to cause flow by gravity to the vented 
receiver. As the receiver is filled, the float mechanism operates either a 
pilot or an across-the-line switch to start the pump and, upon emptying 



Fig. 10. Detail of Drip Connections at 
Bottom of Down-Feed Steam Drop 


the tank, to disconnect the power and stop it. The pump may be used to 
deliver the condensate direct to the boiler, to a feed water heater or to 
raise the water to any higher elevation or pressure than that of the return 
line. A useful application is a small condensation unit to handle a remote 
section of radiation that otherwise would be difficult to grade to the 
main return. 

VACUUM SYSTEMS 

In the vacuum system, a vacuum is maintained in the return line 
practically at all times. The pump is usually controlled by a vacuum 
regulator which operates the pump to maintain the vacuum within limits 
and operates in response to a pressure difference between the atmosphere 
and the return to control the vacuum in the return main. The source of 
steam supply may be a low pressure boiler as shown in Fig. 12, or a high 
pressure line through a pressure reducing valve. The piping and other 
details are the same as for the vapor systems. 

The return risers are connected in the basement into a common return 
main which slopes downward toward the vacuum pump. The vacuum 
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pump withdraws the air and water from the system, separates the air 
from the water and expells it to atmosphere and pumps the water back to 
the boiler, or other receiver, which may be a feed-water heater or hot 
well. It is essential that no connection be made from the supply side to 
the return side at any point except through a trap. The desirable practice 
demands a return flowing to the vacuum pump by an uninterrupted down- 
ward slope. In some instances local conditions make it necessary to drop 
the return below the level of the vacuum pump inlet, before the pump can 
be reached. In such an event one of the advantages of the vacuum 
system is the ability to raise the condensate to a considerable height by the 
suction of the vacuum pump by means of a lift connection or fitting 
inserted in the return. The height the condensate can be raised depends 
on the steam pressure and the amount of vacuum maintained. It is 



Fig. 11. Typical Installation Using Condensation Pump 


preferable to limit lift connections to a single lift at the vacuum pump. A 
still more preferable arrangement is the use of an accumulator tank, or 
receiver tank, with a float control for the pump at the low point of the 
return main located adjacent to the vacuum pump. 

When the vertical lift is considerable, several lift fittings should be used 
in steps as shown in Fig. 13. This permits a given lift to be secured with a 
somewhat lower vacuum than where the vertical distance is served by a 
single lift. Where several lifts are present in a given system at different 
locations, the lifting cannot occur until the entire system is filled .with 
steam. A lift connection for location close to the pump, where the si 2 e 
may be above the commercial stock sizes, is shown in Fig. 14. It is 
desirable that means be provided for manually draining the low point of 
the lift fittings to eliminate from the return piping all water in danger of 
freezing in case the system is shut down for a considerable length of time. 
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Down-Feed Vacuum System 

The piping arrangement for the down-feed vacuum system is similar 
on the supply side to the down-feed vapor system in that it has similar 
runouts, radiator valves, drips on the bottom of the steam drops, and 
enlargement of the drops for the lower radiator connections. The return 
side of the system is exactly the same as the up-feed system except that 
the steam riser drips at the bottom are connected into the return line 
through thermostatic traps. It is preferable to take the runouts for the 
risers from the bottom or at a 45-deg angle down from the steam main 
so that they may serve as steam main drips. When this is done it is 
practical to run the steam main level if a runout is located at every cheinge 
in pipe size, or if eccentric fittings are used (Fig. 15). A slight pitch in the 



steam main, however, should be used when possible. An overhead 
vacuum down-feed system is shown diagrammatically in Fig. 16. 

SUB-ATMOSPHERIC SYSTEMS 

Sub-atmospheric systems are similar to vacuum systems but, in con- 
trast, provide control of building temperature by variation of the heat 
output from the radiators. The radiator heat emission is controlled by 
varying the pressure, temperature and volume of steam in circulation. 
These systems differ from the ordinary vacuum system in that they main- 
tain a controllable partial vacuum on both the supply and return sides of 
the system, instead of only on the return side. In the vacuum system, 
steam pressure above that of the atmosphere exists in the supply mains 
and radiators practically at all times. In the sub-atmospheric system, 
atmospheric pressure or higher exists in the steam supply piping and 
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radiators only during severe weather. Under average winter temperature 
the steam is under partial vacuum which in mild weather may reach as 
high as 25 in. Hg, after which further reduction in heat output is 
obtained by restricting the quantity of steam. 

The rate of steam supply is controlled by a valve in the steam main or 
by thermostatically controlling the rate of steam production in the boiler. 
The control valve may be of the automatic modulating or floating type 
governed thermostatically from selected control points in the building, or 
it may be a special pressure reducing valve which will maintain the 
desired sub-atmospheric pressures by continuous flow into the heating 
main. All radiator supply valves have incorporated adjustable orifices 
or are equipped with regulating orifice plates. The sizes of orifices used 
are larger than for orifice systems because for equal radiator sizes the 



Fig. 13. Method of Making Lifts Fig. 14. Detail of Main Return 
ON Vacuum Systems when Distance Lift at Vacuum Pump 



Fig. 15. Method of Changing Size of Steam Main when Runouts 
ARE Taken from Top 

volume flowing is larger. These orifices are omitted on some systems, 
depending upon the type of control. Radiator traps and drips are 
designed to operate at any pressure from 15 lb gage to 26 in. Hg. A 
vacuum pump capable of operating at high vacuum is preferable to 
promote accuracy in iJie distribution of steam throughout ^e system, 
particularly in mild weather. This vacuum is partially self-induced by 
the condensation of the steam in the system under conditions of restricted 
supply for reduction of the radiator heat emission. 

The returns must grade downward constantly and uninterruptedly from 
the radiator return outlets to the inlet of the receiver of the vacuum pump. 
One radical difference between this and the ordinary vacuum system is 
that no lifts should be made in the return line, except at the vacuum 
pump. The receivers are placed at a lower level than the pump and 
equipped with float control so the pump may operate as a return pump 
under night conditions. The system may be operated in the same manner 
as the ordinary vacuum system when desired. 
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Steam for heating domestic hot water should be taken from the boiler 
header back of the control valve so that pressures sufficiently high for 
heating the water may be maintained on the heater. The sub-atmos- 
pheric method of heating can be used for the heating coils of ventilating 
and air conditioning systems. The flexible control of heat output secured 
by this method materially reduces the required size of by-pass around the 
heaters. Sub-atmospheric systems are proprietary. 

ORIFICE SYSTEMS 

Orifice systems of steam heating may have piping arrangements identi- 
cal with vacuum systems. Some of these omit the radiator thermostatic 



traps but use thermostatic or combination float and thermostatic traps 
on all drip points. A return condensation pump with receiver vented to 
atmosphere, a return line vacuum pump, or a return trap, is generally 
used to return the condensation to the boiler or place of similar disposition, 
such as a feed-water heater or hot well. The heat emission from the 
radiators is controlled by varying the pressure maintained in the steam 
supply piping. 

The principle on which these systems operate is based on the fact that 
the steam flow through an orifice will vary when the ratio of the absolute 
pressures on the two sides of the orifice exceeds 58 per cent. If the abso- 
lute pressure on the outlet side is less than 58 per cent of the absolute 
pressure on the inlet side, no further increase in flow will be obtained as a 
result of the increased pressure difference. If an orifice is so designed in 
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size as to exactly fill a radiator with 2 lb gage on one side and 34 
on the other, the absolute pressure relation is: 

== 0.90 or 90 per cent. 

Should the steam pressure be dropped to 34 lb on the supply pipe, the 
pressure on each side of the orifice would be balanced and no steam flow 
would take place. From this it will be apparent that if an orifice of a 
given diameter will fill a given radiator with steam when there is a given 
pressure on the main, reducing this steam main pressure will permit filling 
various desired portions of the radiator down to the point where the main 
pressure equals the back pressure in the radiator provided the supply pipe 
pressures may be controlled sufficiently close. If orifices are designed on 
a similar basis for a given system and proportioned to the heating capacity 
of the radiators they serve, all radiators will heat proportionately to the 
steam pressure. The range of pressure variation is limited by the per- 
missible noise level of the steam flowing under the pressure difference 
required for maximum heat output. The control of the steam supply is 
obtained by a valve placed in the steam main, which maintains a deter- 
mined pressure ; or by a boiler pressure control. The valves are frequently 
manually set from a remote location, guided by temperature indicating 
stations in the building; or thermostatically controlled from a thermostat 
on the roof, which automatically measures the differential of outside and 
inside temperatures. Since the range through which the pressures may be 
varied is usually from 0 to 4.0 lb gage, the control should be capable of 
maintaining close regulation to maintain the desired space temperatures, 
particularly in mild weather. 

Some systems use orifices not only in radiator inlets but also at different 
points in the steam supply piping for the purpose of badancing the system 
to a greater extent. In this manner the difference between the initial and 
terminal pressure in the steam main may be compensated to a great 
extent. For example, if the initial pressure was 3 lb gage and the pressure 
at the end of the main was 2 lb, an orifice could be used in each branch for 
the purpose of obtaining a more uniform pressure throughout the system. 
Such a provision may be particularly useful in this system for branches 
close to the boiler where the drop in the main has not yet been produced. 
Orifice systems are proprietary. 

CONDENSATION RETURN PUMPS 

Condensation return pumps are used for gravity systems when the 
local conditions do not permit the condensation to return to the boiler 
under the existing static head. The return of the condensate permits the 
water to repeatedly go through the cycle of vaporization, with subsequent 
condensation and return to She boiler. During such repeated cycles any 
incrustants or other substances in solution are precipitated and the water 
de-activated to a considerable extent so that corrosion of a serious nature 
is seldom ever encountered where the condensate is repeatedly used. 
Serious corrosion is more frequently found in systems where the conden- 
sation is not repeatedly used but is wasted and fresh make-up water is 
continually being introduced. 

The most generally accepted condensation pump unit for low pressure 
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heating systems consists of a motor-driven centrifugal pump with receiver 
and automatic float control. Other types in use include rotary, screw 
and reciprocating pumps with steam turbine or motor drive, and direct- 
acting steam reciprocating pumps. 

The receiver capacities of these automatic units should be sized so as 
not to cause too great a fluctuation of the boiler water line if fed directly 
to the boiler and at the same time not so small as to cause too frequent 
operation of the unit. The usual unit provides storage capacity between 
stops in the receiver of approximately 1.5 times the amount of condensate 
returned per minute and the pump generally has a delivery rate of 3 to 4 
times the normal flow. This relation of receiver and pump size to heating 
system condensing capacity takes account of the peak condensation rate. 

VACUUM HEATING PUMPS 

On vacuum systems, where the returns are under a vacuum, and sub- 
atmospheric systems, where the supply piping, radiation and the returns 
are under a vacuum, it is necessary to use a vacuum pump to discharge the 
air and non-condensable gases to atmosphere and to dispose of the 
condensation. Direct-acting steam-driven reciprocating vacuum pumps 
are sometimes used where high pressure steam is available or where the 
exhaust steam from the pump can be utilized. In general, however, these 
have been replaced by the automatic motor-driven return line heating 
pump especially developed for this service. Steam turbine drive is also 
frequently used where steam at suitable pressures is available, the steam 
being used afterward for building heating. The usual vacuum pump 
unit consists of a compact assembly of exhausting unit for withdrawing 
the air-vapor mixture and discharging the air to atmosphere and a water 
removal unit which discharges the condensate to the boiler. They are 
furnished complete with receiver, separating tank and automatic controls 
mounted as an integrated unit on one base. There are also special steam 
turbine driven units which are operated by passing the steam to be used 
in heating the building through the turbine with only a 2 to 3 lb drop 
across the turbine required for its operation. Under special conditions 
such as installations where it is necessary to return the condensate to a 
high pressure boiler, auxiliary water pumps may be supplied. In some 
instances separate air and water pumps may be used. 

Practically all automatic motor-driven return line vacuum heating 
pumps make use of a portion of the condensate to operate either as a 
liquid piston pump or as a kinetic exhauster (which operate on a modified 
ejector principle) to withdraw the air and condensate from the system, 
discharge the air to atmosphere and return the condensate to the boiler. 
Some type of hydraulic action is utilized to produce the suction. Such 
hydraulic evacuating devices may be classified as: 

a. Water ring centrifugal displacement pumps. 

5. Water piston pumps. 

c. Stationary kinetic exhauster pumps. 

d. Rotary kinetic ejector pumps. 

The evacuating element is generally combined with a centrifugal 
water impeller for the delivery of the condensate to the boiler or feed- 
water heater. 
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The assembled units may be further grouped under two general 
classifications: 

a. Those which perform the function of air separation under atmospheric pressure. 

b. Those which perform the function of air separation under a partial vacuum. 

Pumps coming under the first classification remove both the air and 
condensate from the returns by means of the hydraulic evacuator and 
deliver both to a separating tank under atmospheric pressure. From 
this tank the air and non-condensable vapors are vented to atmosphere 
while the condensate is removed and delivered to the boiler by means of 
the built-in boiler feed pump impeller. 

In the second classification, the air and condensate are first separated 
under vacuum by means of the receiver which is directly connected to 
the returns. The hydraulic evacuator withdraws only the air and non- 
condensable vapors from the top of the receiver and delivers them to 
atmosphere. The built-in condensate pump impeller removes the con- 
densate from the bottom of the receiver and delivers it direct to the 
boiler or feed-water heater. 

Under special conditions such as returning the condensate to a high 
pressure boiler or the furnishing of large air removal units for high 
vacuum systems, it is customary to supply separate motor-driven air 
and water pumps. 

For rating purposes^ vacuum pumps are classified as low vacuum and 
high vacuum. Low vacuum pumps are those rated for maintaining 53^ in. 
Hg vacuum on the system, and high vacuum pumps are those rated to 
maintain vacuums above 6^ in. 

The vacuum that can be maintained on a system depends upon the 
relationship of the air leakage rate into the system to the operating air 
capacity of the hydraulic evacuator when operating at any given return 
line temperature. The hotter the returns, the lower will be the possible 
vacuum for a given air leakage rate into the system. It is particularly 
essential on high vacuum installations to see that the entire system is 
tight in order to reduce the amount of inward air leakage and, further- 
more, to see that relatively higher temperature steam is prevented from 
entering the vacuum return lines through leaky traps, high pressure 
drips, etc. It is for this reason that the condensate from equipment using 
steam at high pressures should not be connected directly to a vacuum 
return line but should drain to a receiver through a high pressure trap. 
The receiver should have an equalizing connection to a low pressure steam 
main and drain through a low pressure trap to the vacuum return main as 
indicated in Fig. 17. 

Vacuum Pump Controls 

In the ordinary vacuum system, the vacuum pump is controlled by a 
vacuum regulator which cuts in when the vacuum drops to the lowest 
point desired and cuts out when it has been increased to the highest point, 
these points being varied to suit the particular system or operating 


iA,S.H.V.E. Standard Code for Testing and Rating Return Line Low Vacuum Heating Pumps, (A.S. 
H.V.E. Transactions, Vol. 40, 1934, p. 33). 
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conditions. In addition to this vacuum control, a float control is included 
which will automatically start the pump whenever sufficient condensation 
accumulates in the receiver, regardless of the vacuum on the system. A 
selector switch is usually provided to allow operation at night as a con- 
densation pump only, also to give manual or continuous operation when 
desired. 

There are several variations in the control of the vacuum maintained on 
the system by the pump. In some sub-atmospheric systems where 
orifices are used, the vacuum pump control maintains a pressure difference 
between the supply and the return piping, which is held within relatively 
close limits. There are other sub-atmospheric systems which utilize 
special temperature-pressure actuated controls for maintaining the desired 
conditions in the return lines. Where various zones are connected to the 



Fig. 17. Method of Discharging High-Pressure Apparatus into Low-Pressure 
Heating Mains and Vacuum Return Mains through 
A Low Pressure Trap 

same return main, the return vacuum must be controlled to meet the 
requirements of the zone operating at the lowest steam supply pressure. 

Piston Displacement Vacuum Pumps 

Piston displacement return vacuum heating pumps may be either elec- 
tric or steam driven. They should be provided with mechanical lubricators 
and their piston speed in feet per minute should not exceed 20 times the 
square root of the number of inches in their stroke. They are usually 
supplied with an air separating tank, open to atmosphere, placed on the 
discharge side of the pump and at an elevation sufficiently high to allow 
gravity flow of the condensate to the boiler. If the boiler pressure is too 
high for such gravity feed then an additional steam pump for feeding the 
boiler is desirable. The extra pump is sometimes avoided by using a 
closed separating tank with a float controlled vent. In both arrangements, 
the air taken from the system must be discharged against the full dis- 
charge pressure of the vacuum pump. In the case of high or medium 
pressure boilers, It is better to use the atmospheric separator and the 
second pump. 
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In figuring the required displacement for such pumps, a value of from 
6 to 10 times the volumetric flow of condensation is used for average 
vacuums and systems. 


TRAPS 

Traps are generally classified as to function as (a) separating traps, 
(b) return, lifting or vacuum traps, and (c) air traps. Separating traps 
may be either float operated, thermostatically operated, or float and 
thermostatically operated. Return traps for low pressure service are 
referred to later as alternating receivers in this chapter. Return traps may 
also operate to receive condensate under a vacuum and return it to 
atmosphere or a higher pressure. Air traps are generally float operated. 

Separating traps are used to release water of condensation but to retain 
steam. The thermostatic, and float and thermostatic types release both 
condensate and air but retain steam. Separating traps are used for 
draining condensate from radiators, indirect air heaters, steam piping 
systems, kitchen equipment, laundp?' equipment, hospital equipment, 
drying equipment and many other kinds of apparatus. Air traps release 
air but retain water. Devices known as air vents are, in principle, traps 
which allow the passage of air but prevent the passage of either water or 
steam. 

Return traps are used for returning condensate either by gravity, by 
steam pressure, or by both, to a boiler or other point of disposal, and for 
lifting condensate from a lower to a higher elevation, or for handling 
condensate from a lower to a higher pressure. 

The fundamental principle upon which the operation of practically all 
traps depends is that the pressure within the trap at the tinie of discharge 
shall be equal to, or slightly in excess of, the pressure against which the 
trap must discharge, including the friction head, velocity head and static 
head on the discharge side of the trap. If the static head is in favor of 
the trap discharge it is a minus quantity and may be deducted from the 
other factors of the discharge head. 

Traps may also be classified according to the principle of operating 
device which supplies the power to cause them to function as (1) float, (2) 
bucket, (3) diermostatic, (4) float and thermostatic, (5) impulse, or 
(6) tilting traps. 

Float Traps. A discharge valve is operated by the rise and fall of a float due to the 
change of water level in the trap. When the trap is empty the float is in its lowest 
position, and the discharge valve is closed. A gage glass indicates the height of water 
in the chamber. 

Unless float traps are well made and proportioned there is danger of considerable 
steam leakage through the discharge valve due to unequal expansion of the valve and 
seat and the sticking of moving parts. The discharge from a float trap is usually con- 
tinuous since the height of the float, and consequently the area of the outlet, is propor- 
tional to the amount of water present. 

Bucket Traps. Bucket traps are of two types, the upright and inv^ed, and although 
they are both of the open float construction, their operating principle is entirely different. 
In the upright bucket trap, the water of condensation enters the trap and fills the space 
between the bucket and the walls of the trap. This causes the bucket to float and forces 
the valve against its seat, the valve and its stem usually being fastened to the bucket. 
When the water rises above the edges of the bucket it flows into it and causes it to sink, 
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thereby withdrawing the valve from its seat. This permits the steam pressure acting 
on the surface of the water in the bucket to force the water to a discharge opening. When 
the bucket is emptied it rises and closes the valve and another cycle begins. The discharge 
from this type of trap is intermittent. 

In the inverted bucket trap, steam floats the inverted submerged bucket and closes the 
valve. Water entering the trap fills the bucket, which sinks and through compound 
leverage opens the valve, and the trap discharges. _ It is impossible to install a water 
gage glass on an inverted bucket trap, but if visual inspection is necessary, a gage glass 
can be placed on the line leading to the trap. No air relief cocks can be used, but they are 
unnecess^, as the elimination of air is automatically taken care of by air passing through 
the vent in the top of the inverted bucket regardless of temperature. 

Thermostatic Traps. Thermostatic traps are of two types, those in which the discharge 
valve is operated by the relative expansion of metals, and those in which the action of 
a volatile liquid is utilized for this purpose. Thermostatic traps of large capacity for 
draining blast coils or very large radiators are called blast traps. 

Float and thermostatic traps have both a thermostatic element to release air and a 
float element to release the water. 

Impulse traps operate with a moving valve actuated by a control cylinder. When 
the trap is handling condensate, the pressure required to lift the valve is greater than the 
reduced pressure in the control cylinder and consequently the valve opens allowing a 
free discharge of condensate. As the remaining condensate approaches steam tempera- 
ture, flashing results, flow through the valve orifice is choked and the pressure builds up 
in the control chamber closing the valve. 

Automaiic Retiim Traps 

In the general heating plant, where thermostatic traps are installed on 
the heating units, it becomes necessary to provide a means for returning 
the water of condensation to the boiler, if a condensation or vacuum pump 
is not used. When the return main can be kept sufficiently high above the 
boiler water line for all operating conditions, the water of condensation 
will flow back by gravity, and no mechanical device is required. But 
actually this does not work out in practice. It follows, therefore, that a 
direct-return trap is needed for the handling of the condensation even 
though it may not be called into action except under some operating 
condition where the pressure differential exceeds the static head provided. 
The installation of a direct-return trap assures safety for such systems, 
and guarantees the operation of the plant under varying conditions. 

Automatic return traps, sometimes called alternating receivers, may 
be of the counter-balanced, tilting type, or spring actuated. These consist 
of a small receiver with an internal float, and when the condensate will 
not flow into the boiler under pressure, it will feed into the receiver of the 
trap, and in so doing, raise or tilt the float or mechanism which actuates a 
steam valve automatically. This admits steam to the receiver, at boiler 
pressure, and the equalizing of the pressures which follows allows the 
water to flow into the boiler. 

Tilting Traps. With this type of trap, water enters a bowl and rises until its weight 
overbalances that of a counter-weight, and the bowl sinks to the bottom. As the bowl 
sinks, a valve is opened thus admitting live steam pressure on the siuface of the water 
and the trap then discharges. After the water is discharged, the counter-weight sinks 
and raises the bowl, which in turn closes the valve and the cycle begins again. Tilting 
traps are necessarily intermittent in operation. They are not ordinarily equipped with 
glass water gages, as the action of the trap shows when it is filling or emptying. The air 
relief of tilting traps is taken care of by the valves of the trap. 
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operating Characteristics, Steam Flow, Pipe Sizes, Tables for 
Pipe Sizing, One-Pipe Gravity Air-Vent Systems, Two-Pipe 
Gravity Air-Vent Systems, Two-Pipe Vapor Systems, Vacuum, 

Orifice, Atmospheric and Sub-Atmospheric Systems, Boiler 
and Radiator Connections, Piping for Indirect Heating Units, 

Dripping 

I T is important that steam piping systems distribute steam not only at 
full design load but during excess and partial loads. Usually the 
average winter steam demand is less than half of the demand at the 
design outside temperature. Moreover, in rapidly warming up a system 
even in moderate weather, the load on the steam main and returns may 
exceed the maximum operating load for severe weather due to the neces- 
sity of raising the temperature of the metal in the system to the steam 
temperature and the building to the design indoor temperature. Investi- 
gations of the return of condensation have revealed that as high as 143 
per cent of the design condensation rate may exist under conditions of 
actual operation. 

The functions of the piping system are the distribution of the steam, 
the return of the condensate and in systems where no local air vents are 
provided, the removal of the air. The distribution of the steam should be 
rapid, uniform and without noise, and the release of air should be facili- 
tated as much as possible, as an air bound system will not heat readily 
nor properly. In designing the piping arrangement it is desirable to 
maintain equivalent resistances in the supply and return piping to and 
from a radiator. Arranging the piping so the total distance from the 
boiler to the radiation is the same as the return piping distance from the 
heating unit back to the boiler tends to obtain such a result. The 
condensation which occurs in steam piping as well as in radiators must 
be drained to prevent impeding the ready flow of the steam and air. The 
effect of back pressure in the returns and excessive revaporizatipn, such 
as occurs where condensation is released from pressures considerably 
higher than the vacuum or pressure in the return, must be avoided. 

The piping design of a heating system is greatly influenced by its 
operating characteristics. Heating systems do not operate under constant 
conditions as they are continually changing due -to variation in load. 
As the system is being filled with steam 3ie pressure existing in various 

279 



HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


Table 1. Flow of Steam in Pipes 

P = loss in pressure in pounds. 

D = inside diameter of pipe in inches. / PdD^ 

L = length of pipe in feet. W = 5220 i 3.6 \ ^ 

d = weight of 1 cu ft of steam. 1 V ~D~ J 

W — pounds of steam per hour. ’ ^ ^ 

P = 0.0000000367 ( 1 + ^ 


Pbbssubb 

Loss 

IN 

Ounces 

Col. 1 

Fife Size 

iNTEENiLL 

Area. OP 
Pipe 

Sq Inches 

Col. 2 

Steam 

Col. 3 

Length 

Col 4 


Normnal 

Actual 

Internal 

Diameter 


Press 

BY 

Gage 

yy 

OP Pipe 

IN 

Feet 

/loo 

V- 

0.2S 

65.28 

1 

1.049 

0.864 

0.536 

-l.Oa 

0.187 

20 

2.240 

0.50 

92.28 

IM 

1.380 

1.496 

1.178 

-0.5a 

0.190 

40 

1.580 

1.00 

130.5 


1,610 

2.036 

1.828 

0.0 

0.193 

60 

1.290 

2 

184.6 

2 

2.067 

3.356 

3.710 

0.3 

0.195 

80 

1.120 

3 

226.0 


2.469 

4.788 

6.109 

1.3 

0.201 

100 

1.000 

4 



3.068 

7.393 

11.183 

2.3 

0.207 

120 

0.912 

5 

291.8 

3}4 

3.548 

9.887 

16.705 

5.3 

0.223 

140 

0.841 

6 



4.026 

12.730 

23.631 

10.3 

0.248 

160 

0.793 

7 

345.3 


4.506 

15.947 

32.134 

15.3 

0.270 

180 

0.741 

8 

369.1 

5 

5.047 

20.006 

43.719 

20.3 

0.290 

200 

0.710 

10 

412.7 

6 


28.886 

71.762 

30.3 

0.326 

250 

0.632 

12 

452.0 

7 

7.023 

38.743 

106.278 

40.3 

0.358 

300 

0.578 

14 

488.3 

8 

7.981 

50.027 

149.382 

50.3 

0.388 

350 

0.538 

16 

522.0 

9 


62.786 

201.833 

60.3 

0.415 

400 

0.500 

20 

583.6 

10 

10.020 

78.854 

272.592 

75.3 

0.452 

450 

0.477 

24 

639.3 

12 

12.000 

113.098 

437.503 

100.3 

0.507 

500 

0.447 

28 

690.5 

14 

13.250 

137.880 

566.693 

125.3 

0.557 

600 

0.407 

32 

738.2 

16 

15.250 

182.655 

816.872 

150.3 

0.603 

700 

0.378 

40 

825.4 

Column lX2X3X4w lb of stMim 

175.3 

0.645 

800 

0.354 

48 

904.1 

pipe for a given condition. 

Example 1: 1 oz drop — 

— 1.3 lb press. — 100 ft equival 

a BLnusub 

200.3 

0.685 

900 

0.333 

80 

1167.2 

2 in. pipe 
ent length: 

1000 

0.316 

160 

1650.7 

130.5 X 3.710 X 0.201 X 1 « 97.2 lb per hour. 

97.2 X 4b » 388 8 sq ft equivalent radiation. 

Table 1 does not allow for entrained water in low-pressure 
steam, condensation in covered pipe and roughness in com- 
mercial pipe as found in practice. 

1200 

0.289 

320 

2334.5 

1500 

0.258 

480 

2859.1 

2000 

0.224 


^Pounds per square inch gage = 2.04 in. Vacuum, Mercury Column. 

bThe factor 4 is the apprommate equivalent in square feet of steam radiation of 1 lb of steam per hour. 
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locations may be different from those which exist for appreciable periods 
at other locations and which under constant pressure may have conditions 
that are approximately the same. In designing piping it is of especial 
importance to arrange the system to preclude trouble caused by such 
pressure differences. The systems which readily release the air permit 
uniform pressures to be attained in much shorter time intervals than those 
which are sluggish. Results are given in Fig. 1 from investigations^ to 
determine the rate of condensate and air return from a two-pipe gravity 
heating system. Variations in the steam pressure during the warming 
up period when the rate of air elimination and condensation is high are 
clearly indicated in these curves. 

It is evident that the condensation flow during the initial warming-up 



Fig. 1. Relation Between Elapsed Time, Steam Pressure, Condensate and 

Air Elimination Rates 


period reaches a peak which is greater than the constant condensation 
rate which is eventually reached when the pressure becomes uniform. 
Moreover, the peak condensation rate is obtained when the system steam 
pressure is lower than that existing during a period of constant condensing 
rate. It will also be noted that the peak rate of air elimination does not 
coincide with the higher condensing rate. 

STEAM FLOW 

The rate of flow of dry steam or steam with a smadl amount of water 
flowing in the same direction is in accordance with the general laws of gas 
flow and is a function of the length and diameter of the pipe, the density 
of the steam, and the pressure drop through the pipe. This relationship 
has been established by Babcock in the formula given at the top of Table 
1. In Columns 1, 2, 3, and 4 of this table, the numerical values of the 
factors for different pressure losses, pipe diameters, steam densities and 
lengths of pipe have been worked out in convenient form so that the steam 
flowing in any pipe may be calculated by multiplying together the proper 
factors in each column as shown in the example at the bottom of the table. 

1A.S.H.V.E. Research Report No. 954 — Condensate and Air Return in Steam Heating Systems, 
by F. C. Houghten and J. L. Blackshaw (A.S.H.V.E. Transactions, VoL 39, 1933, p. 199). 
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Table 2. Maximum Allowable Capacities of Up-Feed Risers for One-Pipe 

Low Pressure Steam 

Based on A. S, H. V, E, Research Laboratory Tests 


Fipb Size 
Inches 

Velocitt 

Feet Per Second 

Pbessttre Drop 
Ounces 
per 100 Ft 

CA-PACITT 

Sq Ft 
Radiarion 

Btu per Hour 

Lb 

Steam per Hour 

A 


C 

D 

E 

F 

1 


0.68 

45 

10,961 

11.3 

m 

17.6 

0.66 

98 


24.5 

m 

20.0 

0.66 

152 

36,860 

38.0 

2 

23.0 

0.57 

288 

69,840 

72.0 

2}i 


0.54 

464 

112,520 

116.0 

3 

■SB 

0.48 

799 

193,600 

199.8 


31.0 

0.44 

1144 

277,000 

286.0 

4 

32.0 

0.39 

1520 

368,000 

380.0 


INSTRUCTIONS FOR USING TABLE 2 

1. Capacities given in Table 2 should never be exceeded on one-pipe risers. 

2. Capacities are based on K-lb condensation per square foot equivalent radiation and actual diameter 
of standard pipe. 

3. All pipe should be well reamed and free from constrictions. Fittings should be up to size. 


Table 3. Maximum Allowable Capacities of Up-Feed Risers for Two- Pipe 

Low Pressure Steam 

Based on A, S. H, F. E. Research Laboratory Tests 


Pipe Size 
Inches 

1 

Velocitt 

Feet per Second 

Pressure Drop 
Ounces 
per 100 Ft 

Capacitt 

SqFt 

Radiation 

Btu per Hour 

Lb 

Steam per Hour 

A 

jB 

C 

D 

E 

P 

K 

20 

— 

40 

9,550 

10.0 

1 

23 

1.78 

74 

17,900 

18.45 


27 

1.57 

151 

36,500 

37.65 


30 

1.48 

228 

55,200 

57.0 

2 

35 

1.33 

438 

106,100 

109.5 


38 

1.16 

678 

164,100 

169.4 

3 

41 

0.95 

1129 

273,500 

282.2 


42 

0.81 

1548 

375,500 

387.0 

4 

43 

0.71 

2042 

495,000 

510.5 


INSTRUCTIONS FOR USING TABLE 3 

1. The capacities given in this table should never be exceeded on two-pipe risers. 

2. Capacities are based on K-lh condensation per square foot equivalent radiation and actual diameter 
of standard pipe. 

3. All pipe should be well reamed and free from constrictions. Fittings should be up to size. 
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CHAPTER 15. PIPING FOR STEAM HEATING SYSTEMS 


PIPE SIZES 

The determination of pipe sizes for a given load in steam heating 
depends on the following principal factors: 

1. The initial pressure and the total pressure drop which may be allowed between the 
source of supply and the end of the return system. 

2. The maximum velocity of steam allowable for quiet and dependable operation of 
the system, taking into consideration the direction of condensate flow. 

3. The equivalent length of the run from the boiler or source of steam supply to the 
farthest heating unit. 

Initial Pressure and Pressure Drop 

Theoretically there are several factors to be considered, such as initial 
pressure and pressure required at the end of the line, but it is most im- 
portant that (1) the total pressure drop does not exceed the initial pressure 
of the system; (2) the pressure drop is not so great as to cause excessive 
velocities; (3) there is a constant initial pressure, except on systems 
specially designed for varying initial pressures, such as the sub-atmos- 
pheric which normally operate under controlled partial vacua, the orifice, 
and the vapor systems which at times operate under such partial vacua 
as may be obtained due to the condition of the fire; and (4) the equivalent 
head due to pressure drop does not exceed the difference in level, for 
gravity return systems, between the lowest point on the steam main, 
the heating units, or the dry return, and the boiler water line. 

All systems should be designed for a low initial pressure and a reason- 
ably small pressure drop for two reasons : first, the present tendency in 
steam heating unmistakably points toward a constant lowering of pres- 
sures even to those below atmospheric; second, a system designed in this 
manner will operate under higher pressures without difficulty.^ When a 
system designed for a relatively high initial pressure and a relatively high 
pressure drop is operated at a lower pressure, it is likely to be noisy and 
have poor circulation. 

The total pressure drop should never exceed one-half of the initial 
pressure when condensate is flowing in the same direction as the steam. 
Where the condensate must flow counter to the steam, the governing 
factor is the velocity permissible without interfering with the condensate 
flow. A.S.H.V.E. Research Laboratory experiments limit this to the 
capacities given in Tables 2 and 3 for vertical risers and in Table 4 for 
horizontal pipes at varying grades. 

Maximum Velocity 

The capacity of a steam pipe in any part of a steam^ system depends 
upon the quantity of condensation present, the direction in which the 
condensate is flowing, and the pressure drop in the pipe, "^ere the 
quantity of condensate is limited and is flowing in the same direction as 
the steam, only the pressure drop need be considered. When the con- 
densate must flow against the steam, even in limited quantity, the ve- 
locity of the steam must not exceed limits above which the disturb^ce 
between ^e steam and the counter-flowing water may produce object- 
ionable sounds, such as water hammer, or may result in the retention of 
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Table 4. Comparative Capacity of Steam Lines at Various Pitches for Steam 
AND Condensate Flowing in Opposite Directions^ 

Pitch of Pipe in Inches per 10 Ft 


Pitch of 
Pipe 

K IN. 

H IN. 

1 in. 

l^m. 

2 in 

3 m. 

4 IN. 

5 m. 

Pipe 

Size 

Inches 

SqFt 
Rad 
Based 
on 240 
Btu 

t 

1 

SqFt 
Rad. 
Based 
on 240 
Btu 

t 

1 

Sq Ft 
Rad. 
Based 
on 240 
Btu 

1 

SqFt 
Rad. 
Based 
on 240 
Btu 

s 

Sq Ft 
Rad. 
Based 
on 240 
Btu 

1 

Sq Ft 
Rad. 
Based 
on 240 
Btu 

1 

Sq Ft 
Rad. 
Based 
on 240 
Btu 

1 

Sq Ft 
Rad. 
Based 
on 240 
Btu 

1 

H 

25.0 

12 

30.3 

14 

37.3 

18 

40.4 

19 

42.5 

20 

46.1 

21 

47.5 

22 

49.3 

23 

1 

45.8 

12 

52.6 

IS 

63.0 

17 

70.0 

20 

75.2 

22 

83.0 

23 

87.9 

25 

90.2 

26 

IK 

104.9 

IS 

117.2 

20 

133.0 

23 

144.5 

25 

154.0 

27 

165.0 

28 

172.6 

29 

178.2 

31 

IH 

142.6 

18 

159.0 

21 

181.0 

23 

196,5 

25 

209.3 

27 

224.0 

28 

234.8 

30 

242.6 

31 

2 

236.0 

19 

263.5 

20 

299.5 

23 

325.5 

25 

346.5 

27 

371.5 

28 

388.4 

29 

401.1 

30 


aData from American Society of Heating and Ventilating Engineers Research Laboratory. 


water in certain parts of the system until the steam flow is reduced 
sufficiently to permit the water to pass. The velocity at which such 
disturbances take place is a function of (1) the pipe size, whether the pipe 
runs horizontally or vertically, (2) the pitch of the pipe if it runs hori- 


Table 5. Length in Feet of Pipe to be Added to Actual Length of Run — 
Owing to Fittings — ^ ro Obtain EginvALENT Length 


Size of Pipe 
Inches 

Length in Feet to be Added to Run 

Standard Elbow 

Side Outlet Tee 

Gate Valve^ 

Globe Valve® 

Angle Valve® 


1.3 

3 

0.3 

14 

7 

H 

1.8 

4 

0.4 

18 

10 

1 

2.2 

5 

0.5 

23 

12 

IM 

3.0 

6 

0.6 

29 

16 


3.5 

7 

0.8 

34 

18 

2 

4.3 

8 

1.0 

46 

22 


5,0 

11 

1.1 

54 

27 

3 

6.5 

13 

1.4 

66 

34 


8 

15 

1.6 

80 

40 

4 

9 

18 

1.9 

92 

45 

5 

11 

22 

2.2 

112 

56 

6 

13 

27 

2.8 

136 

67 

8 

17 

35 

3.7 

180 

92 

10 

21 

45 

46 

230 

112 

12 

27 

53 

5.5 

270 

132 

14 

30 

63 

6.4 

310 

152 


aValve in full open position. 


Example of length in 
feet of pipe to be added 
to actual length of run. 


h 


- /jp-a-- 




Measured Length = 132.0 ft 
4 in. Gate Valve » 1.9 ft 
_ 4— 4 in. Elbows « 36 0 ft 

i Equivalent Length ^ 169.9 ft 

— H 
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Table 6. Steam Pipe Capacities 

Capacity Expressed in Square Feet of Equivalent Direct Radiation 

(Reference to this table will be by column letter A through L) 

This table is based on pipe size data developed through the research investiga- 
tions of the American SoaETY of Heating and Ventilating Engineers. 


CAPACITIES OF STEAM MAINS AND RISERS 


Special Capacities fob 
One-Pepb Systems Only 


Dieeotion op Condensation Flow in Pipe Line 


Pipe 

Size 

In. 

With the Steam in One-Pipe and Two-Pipe Systems | 

Agmnst the Steam 
Two-Pipe Only 

Supply 

Risers 

Radiator 

Valves 

Radiator 

and 

1/32 lb 

1/24 lb 

i/i« lb 

Hlb 

Mlb 

341b 

and 

or 

or 

or 

or 

or 

or 



Up- 

Feed 

Vertical 

Run- 


Drop 

HOz 

Drop 

1 Oz 

2 0z 

4 0z 

8 0z 

Vertical 

Hon- 

Con- 


Drop 

Drop 

Drop 

Drop 

zontal 


neotions 

outs 

A 

B 

C 

D 

E 

F 

Q 

Ha 

Ic 

/b 

K 

ic 




30 




30 


25 



1 

39 

46 

56 

79 

111 

157 

56 

34 

45 

28 

28 


87 

100 

122 

173 

245 

346 

122 

75 

98 

62 

62 


134 

155 


269 

380 

538 

190 


152 

93 

93 

2 

273 

315 

386 

546 

771 

1,091 

386 

195 

288 

169 

169 


449 

518 

635 

898 

1,270 

1,797 

635 

395 

464 


260 

3 

822 

948 

1,163 

1,645 

2,326 

3,289 

1,129 

700 

799 


475 

SH 

1,228 

1,419 

1,737 

2,457 

3,474 

4,913 

1,548 

1,150 

1,144 


745 

4 

1,738 

2,011 

2,457 

3,475 

4,914 

6,950 

2,042 

1,700 

1,520 


1,110 

5 

3,214 

3,712 

4,546 

6,429 

9,092 

12,858 


3,150 


2,180 

6 

5,276 

6,094 

7,462 

10,553 

14,924 

21,105 








8 

10,983| 

12,682 

15,533 

21,967 

31,066 

43,934 









10 

20,043 

23,144 

28,345 

40,085 

56,689 

80,171 









12 

32,168 

37,145 

45,492 

64,336 

90,985 

128,672 








16 

60,506 

69,671 

84,849 

121,012 

169,698 

242,024 

^9 

— 

— 

— 

— 



All Horizontal Mains and Down-Feed lasers 


Mams 
and Un- 
dripped 


Radiator 

Con- 

Run- 

outs 

Not 

Dripped 








■Is 

Run- 

outs 

Risers 

nections 


Note , — ^All drops shown are in pounds per 100 ft of equivalent run — ^based on pipe properly reamed. 
aDo not use Column E for drops of 1/24 or 1/32 lb; substitute Column C or Column B as required. 
bDo not use Column J for drop of 1/32 lb except on sizes 3 in. and over; below 3 in. substitute Column B. 
cOn radiator runouts over 8 ft long increase one pipe size over that shown in Table 6. 


zontally, (3) the quantity of condensate flowing against the steam, and 
(4) freedom of the piping from water pockets which under certain con- 
ditions act as a restriction in pipe size. 

Reciming Important 

Three factors of uncertainty always exist in determining the capacity 
of any steam pipe. The first is variation in manufacture, which appar- 
ently cannot be avoided. The second is the care used in reaming the ends 
of tie pipe after cutting. The effect of both of these factors increases as the 
pipe size decreases. According to A.S.H.V.E. Research Laboratory tests, 
either of these factors may affect the capacity of a 1-in. pipe as much as 
20 per cent. The third factor is the uniformity in grading the pipe line. 
All of the capacity tables given in this chapter include a factor of safety. 
However, the factor of safety referred to does not cover abnormal defects 
or constrictions nor does it cover pipe not properly reamed. 
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Table 7. Return Pipe Capacities 
Capacity Expressed in Square Feet of Equivalent Direct Radiation 
(Reterence to this table will be by column letter M through EE) 

This table is based on pipe size data developed through the research investigations of the American Society of Heating and Ventilating Engineers. 
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Equivalent Length of Run 

All tables for the flow of steam In pipes, based on pressure drop, must 
allow for the friction offered by the pipe as well as for the additional 
resistance of the fittings and valves. These resistances generally are 
stated in terms of straight pipe; in other words, a certain fitting will 
produce a drop in pressure equivalent to so many feet of straight run of 
the Scune size of pipe. Table 5 gives the number of feet of straight pipe 
usually allowed for the more common types of fittings and valves. In all 
pipe sizing tables in this chapter the length of run refers to the equivalent 
length of run as distinguished from the actual length of pipe in feet. The 
length of run is not usually known at the outset; hence it is necessary to 
assume some pipe size at the start- Such an assumption frequently is 
considerably in error and a more common and practical method is to 
assume the length of run and to check this assumption after the pipes are 
sized. For this purpose the length of run usually is taken as double the 
actual length of pipe. 


TABLES FOR PIPE SIZING^ 

Factors determining the size of a steam pipe and its allowable limit of 
capacity are the direction of the flow of condensate, whether against or 
with the steam. 

Tables 6 and 7 are based on the actual inside diameters of the pipe and 
the condensation of 34 lb (4 oz) of steam per square foot of equivalent 
direct radiation® {abbreviated EDS) per hour. The drops indicated are 
drops in pressure per 100 ft of equivalent length of run. The pipe is 
assumed to be well reamed without unusual or noticeable defects. 

Table 6 may be used for sizing piping for steam heating systems by 
determining the allowable or desired pressure drop per 100 equivalent 
feet of run and reading from the column for that particular pressure drop. 
This applies to all steam mains on both one-pipe and two-pipe systems, 
vapor systems, and vacuum systems. Columns B to G, inclusive, are us^ 
where the steam and condensation flow in the same direction, while 
Columns H and I are for cases where the steam and condensation flow in 
opposite directions, as in risers and runouts that are not dripped. Columns 
J, K, and L are for one-pipe systems and cover riser, radiator valve and 
vertical connection sizes, and radiator and runout sizes, all of which are 
based on the critical velocities of the steam to permit the counter flow of 
condensation without noise. 

Sizing of return piping may be done with the aid of Table 7 where pipe 
capacities for wet, dry, and vacuum return lines are shown for the pressure 
drops per 100 ft corresponding to the drops in Table 6. It is customary to 
use the same pressure drop on both the steam and return sides of a system. 


>Pipe size tables in this chapter have been compiled in simplified and condensed form for the convenience 
of the user; at the same time all of the information contained in previous editions of The Guide has been 
retained. Values of pressure drops, formerly expressed in ounces, are now expressed in fractions of a pound. 

•As steam system design has materially changed in recent years so that 240 Btu no longer expresses the 
heat of condensation from a square foot of radiator surface per hour, and as present day heating umts have 
different characteristics from older forms of radiation, it is the purpose of The Guide to gradt^y elimmate 
fhA empirical repression SQuare foot of eQUivaltfit direct radiction, EDR, and to substitute a logical unit basra 
on the Btu. The new terms to express the equivalent of 1000 Btu (Mb), and 1000 Btu per hour (Mbh), 
have been approved by the A.S.H.V.E. 
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Example What pressure drop should be used for the steam piping of a system if 
the measured length of the longest run is 500 ft and the initial pressure is not to be over 
2-lb gage? 

Solution. It will be assumed, if the measured length of the longest run is 500 ft, that 
when the allowance for fittings is added the equivalent length of run will not exceed 
1,000 ft. Then, with the pressure drop not over one half of the initial pressure, the drop 
could be 1 lb or less. With a pressure drop of 1 lb and a length of run of 1,000 ft, the 
drop per 100 ft would be Jio lb, while if the total drop were lb, the drop per 100 ft 
would be 3^0 lb. In the first instance the pipe could be sized according to Column D for 
Jfe lt> per 100 ft, and in the second case, the pipe could be sized according to Column C 
for lb. On completion of the sizing, the drop could be checked by taking the longest 
line and actually calculating the equivalent length of run from the pipe sizes determined. 
If the calculated drop is less than that assumed, the pipe size is all right; if it is more, it is 
probable that there are an unusual number of fittings involved, and either the lines must 
be straightened or the column for the next lower drop must be used and the lines resized. 
Ordinarily resizing will be unnecessary. 


ONE-PIPE GRAVITY AIR-VENT SYSTEMS 

One-pipe gravity air-vent systems in which the equivalent length of run 
does not exceed 200 ft should be sized as follows: 

1. For the steam main and dripped runouts to risers where the steam and condensate 
flow in the same direction, use He-lb drop (Column D). 

2. Where the riser runouts are not dripped and the steam and condensation flow in 
opposite directions, and cdso in the radiator runouts where the same condition occurs, use 
Column L. 

3. For up-feed steam risers canying condensation back from the radiators, use Column J. 

4. For down-feed systems the main risers of which do not carry any radiator con- 
densation, use Column H. 

5. For the radiator valve size and the stub connection^ use Column K, 

6. For the dry return main, use Column Z7. 

7. For the wet return main use Column T. 

On systems exceeding an equivalent length of 200 ft, it is suggested that 
the total drop be not over 34 Ib. The return piping sizes should correspond 
with the drop used on the steam side of the system. Thus, where K 4 -lb 
drop is being used, the steam main and dripped runouts would be sized from 
Column C; radiator runouts and undripped riser runouts from Column i; 
up-feed risers from Column J ; the main riser on a down-feed system from 
Column C (it will be noted that if Column H is used the drop would 
exceed the limit of >^4 lb) ; the dry return from Column R; and the wet 
return from Column Q. 

With a 34-lb drop the sizing would be the same as for ^4 lb except that 
the steam main and dripped runouts would be sized from Column B, tihe 
main riser on a down-fe^ system from Column B, the dry return from 
Column 0, and the wet return from Column N. 

Notes on Gravity One-Pipe Air-Vent Systems 

1. Pitch of mains should not be less than in. in 10 ft. 

2. Pitch of horizontal runouts to risers and radiators should not be less than in. 
in 10 ft. Where this pitch cannot be obtained runouts over 8 ft in length should be one 
size larger than called for in the table. 

3. In general, it is not desirable to have a main less than 2 in. The diameter of the 
far end of the supply main should not be less than half its diameter at its largest part. 
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4. Supply mains, branches to risers, or risers, should be dripped where necessary. 

^ 5. Where supply mains are decreased in size they should be dripped, or be provided 
with eccentric couplings, flush on bottom. 

Example S. Size the one-pipe gravity steam system shown in Fig. 2 assuming that 
this is all there is to the system or that the riser and run shown involve the longest run 
on the system. 

Solution, The total length of run actually shown is 215 ft. If the equivalent length 
of run is taken at double this, it will amount to 430 ft, and with a total drop of M lb 
the drop per 100 ft will be slightly less than He lb- It would be well in this case to use 
lb, and this would result in the theoretical sizes indicated in Table 8. These theo- 
retical sizes, however, should be modified by not using a wet return less than 2 in. while 
the main supply, g-h, if from the uptake of a boiler, should be made the full size of the 
main, or 3 in. Also the portion of the main k-m should be made 2 in. if the wet return 
is made 2 in. 


Table 8. Pipe Sizes for One-Pipe Up-Feed System Shown 
IN Fig. 2 



TWO-PIPE GRAVITY AIR-VENT SYSTEMS 

The method employed in determining pipe sizes for two-pipe gravity 
air-vent systems is similar to that described for one-pipe systems except 
that the steam mains never carry radiator condensation. The drop 
allowable per 100 ft of equivalent run is obtained by taking the equiva- 
lent length to the farthest radiator as double the actual distance, and 
then dividing the allowable or desired total drop by the number of 
hundreds of feet in the equivalent length. Thus in a system measuring 
400 ft from the boiler to the farthest radiator, the approximate equivalent 
length of run would be 800 ft. With a total drop of 34 lb the drop per 

100 ft would be ^ or ^ lb; therefore, Column D would be used for all 
o 

steam mains where the condensation and steam flow in the same direc- 
tion. If a total drop of lb is desired, the drop per 100 ft would be 34 lb 
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and Column B would be used. If the total drop were to be 1 lb, the drop 
per 100 ft would be lb and Column E would be used. 

For mains and riser runouts that are not dripped, and for radiator 
runouts where in all three cases the condensation and steam flow in 
opposite directions, Column I should be used, while for the steam risers 
Column H should be used unless the drop per 100 ft is 3^4 lb or lb, 
when Columns B ov C should be substituted so as not to exceed the drop 
permitted. 

On an overhead down-feed system the main steam riser should be 
sized by reference to Column H, but the down-feed steam risers sup- 
plying the radiators should be sized by the appropriate Columns B through 
G, since the condensation flows downward with the steam through them. 
The riser runouts, if pitched down toward the riser as they should be, are 
sized the same as the steam mains, and the radiator runouts are made the 
same as in an up-feed system. 

In either up-feed or down-feed systems the returns are sized in the 
same manner and on the same pressure drop basis as the steam main ; the 
return mains are taken from Columns 0, R, U, X, or AA according to the 
drop used for the steam main; and the risers are sized by reading the 
lower part of Table 7 under the column used for the mains. The hori- 
zontal runouts from the riser to the radiator are not usually increased on 
the return lines although there is nothing incorrect in this practice. The 
same notes apply that are given for one-pipe gravity systems. 

TWO-PIPE VAPOR SYSTEMS 

While many manufacturers of patented vapor heating accessories have 
their own schedules for pipe sizing, an inspection of tliese sizing tables 
indicates that in general as small a drop as possible is recommended. The 
reasons for this are: (1) to have the condensation return to the boiler by 
gravity, (2) to obtain a more uniform distribution of steam throughout 
the system, especially when it is desirable to carry a moderate or low 
fire, and (3) because with large variation in pressure the value of gradu- 
ated valves on radiators is destroyed. 

For small vapor systems where the equivalent length of run does not 
exceed 200 ft, it is recommended that the main and any runouts to risers 
that may be dripped should be sized from Column D, while riser runouts 
not dripped and radiator runouts should employ Column I. The up-feed 
steam risers should be taken from Column H. On the returns, the risers 
should be sized from Column U (lower portion) and the mains from 
Column Z7 (upper portion). It should again be noted that the pressure 
drop in the steam side of the system is kept the same as on the return side 
except where the flow in the riser is concerned. 

On a down-feed system the main vertical riser should be sized from 
Column iJ, but the down-feed risers can be taken from Column D al- 
though it so happens that the values in Columns D and H correspond. 
This will not hold true in larger systems. 

For vapor systems oyer 200 ft of equivalent length, the drop should not 
exceed lb to lb, if possible. Thus, for a 400 ft equivalent run the 
drop per 100 ft should be not over lb divided by 4, or lb. In this 
case the steam mains would be siz^ from Column B\ the radiator and 
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undripped riser runouts from Column J; the risers from Column B, 
because Column H gives a drop in excess of lb. On a down-feed 
system, Column B would have to be used for both the main riser and the 
smaller risers feeding the radiators in order not to increase the drop over 
lb. The return risers would be sized from the lower portion of Column 
0 ^d the dry return main from the upper portion of the same column, 
while any wet returns would be sized from Column N, The same pressure 
drop is applied on both the steam and the return sides of the system. 

Notes on Vapor Systems 

1. Pitch of mains should not be less than }4 in. in 10 ft. 

2. Pitch of horizontal runouts to risers and radiators should not be less than in. 
in 10 ft. Where this pitch cannot be obtained runouts over 8 ft in length should be one 
size larger than called for in the table. 

3. In general it is not desirable to have a supply main smaller than 2 in. 

4. When necessary, supply main, supply risers, or branches to supply risers should be 
dripped separately into a wet return, or may be connected into the dry return through 
a thermostatic drip trap. 


VACUUM, ORIFICE, SUB-ATMOSPHERIC SYSTEMS 

Vacuum, atmospheric, sub-atmospheric and orifice systems are usually 
employed in large installations and have total drops varying from 34 to 
14, lb. Systems where the maximum equivalent length does not exceed 
200 ft preferably employ the smaller pressure drop while systems over 
200 ft equivalent length of run more frequently go to the higher drop, 
owing to the relatively greater saving in pipe sizes. For example, a sys- 
tem with 1200 ft longest equivalent length of run would employ a drop per 
100 ft of ^ lb divided by 12, or 3^4 lb. In this case the steam main would 
be sized from Column C, and the risers also from Column C (Column H 
could be used as far as critical velocity is concerned but the drop would 
exceed tibe limit of H 4 lb). Riser runouts, if dripped, would use Column C 
but if undripped would use Column I; radiator runouts. Column I\ return 
risers, lower part of Column 5; return runouts to radiators, one pipe size 
larger than the radiator trap connections. 

Notes on. Vacuum Systems 

1. It is not generally considered good practice to exceed H lb drop per 100 ft of 
equivalent run nor to exceed 1 lb total pressure drop in any system. 

2. Pitch of mains should not be less than 34 in. in 10 ft. 

3. Pitch of horizontal runouts to risers and radiators should not be less than H in. 
in 10 ft. Where this pitch cannot be obtained runouts over 8 ft in length should be one 
size larger than called for in the table. 

4. In general it is not considered desirable to have a supply main smaller than 2 in. 

5. When necessary, the supply main, supply riser, or branch to a supply riser should 
be dripped separately through a trap into the vacuum return. A connection should not 
be made between the steam and return sides of a vacuum system without interposing a 
trap to prevent the steam from entering the return line. 

6. Lifts should be avoided if possible, but when they cannot be eliminated they 
should be made in the manner described in Chapter 14. 

7. No lifts can be used in orifice and atmospheric systems. In sub-atmospheric 
systems the lift must be at the vacuum pump. 
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BOILER CONNECTIONS 


Steam 

Cast-iron, sectional heating boilers usually have several outlets in the 
top. Two or more outlets should be used whenever possible to reduce the 
velocity of the steam in the vertical uptakes from the boiler and thus to 
prevent water being carried over into the steam main. 

Return 

^ Cast-iron boilers are generally provided with return tappings on both 
sides, while steel boilers are generally equipped with only one return 
tapping. Where two tappings are provided, both should be used to effect 



proper circulation through the boiler. The return connection should 
include either a Hartford return connection or a check valve to prevent 
the accidental loss of boiler water to the returns with consequent danger 
of boiler damage. The Hartford return connection is to be preferred over 
the check valve because the latter is apt to stick or not close tightly and, 
furthermore, because the check valve offers additional resistance to the 
condensate coming back to the boiler, which in gravity systems would 
raise the water line in the far end of the wet return several inches^. 

In order to prevent the boiler from losing its water under any circum- 
stances, the use of the Hartford return connection is recommended. 
This connection for a one- or two-boiler installation is shown in Fig. 3. 
The essential features of construction of a Hartford return connection are: 
(1) a direct connection (made without valves) between the steam side 
of the boiler and the return side of the boiler, and (2) a close nipple, or 


*See method of calculating height above water line for gravity one-pipe systems in Chapter 14. 
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preferably an inverted Y-fitting connection about 2 in. below the normal 
boiler water line from the return main to the boiler steam and return 
pressure balance connection. Equalizing pipe connections between the 
steam and return are given in Fig. 3, based on grate areas, but in no case 
shall this pipe size be less than the main return piping from the system. 

Sizing Boiler Connections 

Little information is available on the sizing of boiler runouts and steam 
headers. Although some engineers prefer an enlarged steam header to 
serve as additional steam storage space, there ordinarily is no sudden 
demand for steam in a steam heating system except during the heating-up 
period, at which time a large steam header is a disadvantage rather than 
an advantage. The boiler header may be sized by first computing the 
maximum load that must be carried by any portion of the header under 
any conceivable method of operation, and then applying the same 
schedule of pipe sizing to the header as is used on the steam mains for the 
building. The horizontal runouts from the boiler, or boilers, may be sized 
by calculating the heaviest load that will be placed on the boiler at any 
time, and sizing the runout on the same basis as the building mains. The 
difference in size between the vertical uptakes from the boiler, which 
should be of same size as the boiler outlet tapping, and the horizontal 
main or runout is compensated for by the use of reducing ells. 

Return connections to boilers in gravity systems are made the same 
size as the return main itself. Where the return is split and connected to 
two tappings on the same boiler, both connections are made the full size 
of the return line. Where two or more boilers are in use, the return to 
each may be sized to carry the full amount of return for the maximum load 
which that boiler will be required to carry. Where two boilers are used, 
one of them being a spare, the full size of the return main would be carried 
to each boiler, but if three boilers are installed, with one spare, the return 
line to each boiler would require only half of the capacity of the entire 
system, or, if the boiler capacity were more than one-half the entire system 
load, the return would be sized on the basis of the maximum boiler 
capacity. As the return piping around the boiler is usually small and 
short, it should not be sized to Qie minimum. 

With returns pumped from a vacuum or receiver return pump, the size 
of the line may be calculated from the water rate on the pump discharge 
when it is operating, and the line sized for a very small pressure drop. 
The relative boiler loads should be considered, as in the case of gravity 
return connections. Boiler header and piping sizes should be based on 
the total load. 


HIGH PRESSURE STEAM 

When high pressure steam is being supplied and dower steam pressures 
are required for use in heating, domestic hot water, utility services, etc., 
one or more pressure reducing valves, or pressure regulators, as they are 
sometimes called, are required. 

These are used in two classes of service, one where the steam must be 
shut off tight to prevent the low pressure building up at time of no load, 
and the olier where the low pressure lines will condense enough steam to 
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offset normal leaking through the valve. In the latter case, double seated 
valves may be used in a manner that reduces the work required of the 
diaphragm in closing the valve and consequently the size of the dia- 
phragm. These valves also control the low pressures more closely under 
conditions of varying high pressures. 

Valves that shut off all steam are called deai end type. They are single 
seated, and some of them have pilot operation that provides close control 
of the reduced pressure. If a thermostatically controlled valve is installed 
after, and near, a reducing valve in such a manner as to cut off the 
passage of steam, the dead end type should be used. 

One-and-Two-Stage Reduction 

It is common practice when the initial steam pressure is 100 lb or 
higher to install two-stage reduction. This makes a quieter condition of 
steam flow, as it is apparent that with one reduction, as for example, from 
150 to 2 lb, there is a smaller opening with greater velocity across the 
reducing valve, and consequently, more noise. A two-stage reduction 
also introduces a source of safety, since if one reducing valve were to build 
up its discharge pressure, this excess pressure would not be so great as 
the case might be in a one-stage reduction. 

If an installation requires single seated valves, and the pilot type 
cannot be used, it is necessary to use two-stage reduction, as single seated 
valves require sufficient diaphragm area to overcome the unbalanced 
pressure underneath the single valve. In many cases the large diameter 
of diaphragm required would make it impractical in construction. With a 
two-stage reduction the diaphragm diameter required would be reduced. 
If a one-stage reduction is desired, it is necessary to use a pilot controlled 
pressure reducing valve, where low pressures are to be maintained closely. 

In making a two-stage reduction, allowance should be made by in- 
creasing the pipe size for expansion of steam on the low pressure side of 
the valve. This also allows steam flow to be at a more nearly uniform 
velocity. Separating the valves by a distance up to 20 ft is recommended 
to reduce excessive hunting action of the first valve. 

When the reduced pressure is approximately 15 lb or lower, the weight 
and lever diaphragm valve gives the best results with minimum main- 
tenance. Above 15 lb, spring loaded diaphragm valves should be used, 
because of the extra weights required on weight and lever type. Equalizing 
line connections should be made not too close to the valve, and into tie 
bottom of the reduced pressure steam main, to allow maximum conden- 
sation to exist in this equalizing line, or the connection is made into the 
top of the main and a water accumulator used to reduce the variation of 
the head of water on the diaphragm. 

Care should be exercised in selecting the size of a reducing valve. The 
safest method is to consult the manufacturer. It is essential that sizes 
of piping to and from the reducing valve be such that they will pass 
the desired amount of steam with the maximum velocity desired. A 
common error is to make the size of the reducing valve the same size as 
that of the service, or outlet pipe size. Generally, this will make the 
reducing valve oversized, and bring about wire-drawing of valve and seat, 
due to small lift of the valve seat. 
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On installations where the steam requirements are relatively large and 
variable in mild weather or reduced demand periods, wire-drawing may 
occur. To overcome this condition, two reducing valves are installed in 
parallel, with the sizes selected on a 70 and 30 per cent proportion of 
maximum flow. For example, if 50,000 lb of steam per hour are required, 
the size of one valve is on the basis of 0.7 X 50,000 lb, or 35,000 lb, and 
the other on the basis of 0.3 X 50,000 Ib, or 15,000 lb. During the mild 
or reduced demand periods, steam will flow through the smaller valve 
only. During the remainder of the season, the larger valve is set to control 
at whatever low pressure is desired, and the smaller one at a somewhat 
lower pressure. Thus, when steam flow is not at its maximum, the 



Fig. 4 . One-Pipe Radiator Fig. 5 . Unit Heater Connected to 

Connections One- Pipe Air-Vent System 


smaller valve is shut, and automatically opens when the maximum steam 
demand occurs, since this maximum demand of steam creates a slight 
pressure drop in the service line. 

The installation of reducing valves in pipe lines requires detailed 
planning. They should be installed to give ease of access for inspection 
and repair, and wherever possible with diaphragm downward, except 
in cases of pilot operated valves. 

There should be a by-pass around each reducing valve of size equal to 
one half the size of reducing valve. The globe valve in by-pass line should 
be of a better type of construction, and must shut off absolutely tight. 
A steam pressure gage, graduated up to the initial pressure should be 
installed on the low pressure side. Safety valves located on the low 
pressure side should be set 5 lb higher than the final pressure but may be 
10 lb higher than the reduced pressure if this reduced pressure is that of 
the first stage reduction of a double reduction. Strainers should always 
be installed on the inlet to the reducing valve but are not required before 
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a second-stage reduction. If a two-stage reduction is made, it is well to 
install a pressure gage immediately before the reducing valve of the 
second-stage reduction also. In sizes 3 in. and above, it is advisable to 
tap the bodies of the reducing valve on inlet side for purposes of draining 
condensate accumulation through steam traps. 

Control Valves 

Gate valves are recommended in all cases where service demands that 
the valve be either entirely open or entirely closed, but they should never 



Fig. 6. Typical Connections for Two-Pipe System 



Fig, 7. Top and Bottom Opposite End Radiator Connections 



Fig. 8. Connections to Radiator Hung on Wall 

be used for throttling. Angle globe valves and straight globe valves 
should be used for throttling, as done on by-passes around pressure 
reducing valves or on by-passes around traps. 

Connection to Heating Units 

^ Riser, radiator and convector connections must not only be properly 
pitched at the time they are installed but must be arranged so that the 
pitch will be maintained under the strains of expansion and contraction. 
These connections may be made by swing joints which permit the ex- 
p^sion or contraction to occur under heating and cooling without bending 
of pipes. To take care of expansion in long risers, either expansion joints 
of commercial construction or pipe swing joints are used. Anchoring of 
pipes between expansion joints is desirable. 
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Two satisfactory methods of making runouts for one-pipe systems for 
either the up-feed or the down-feed type are shown in Fig. 4. Where 
the vertical distance is limited and the runouts must run above the floor 
the radiator may be set on pedestals or of the high leg t5q)e. A method 
of connecting a unit heater to a one-pipe steam heating system is illus- 
trated in Fig. 5. 

Typical two-pipe radiator or convector connections are shown in Figs. 6, 
7 and 8. While the top is the preferred location for the control valve, it 
may be located at the bottom. Short radiators may be top supply and 
bottom return on same end. With convectors the control valve is 
sometimes omitted and a damper in outlet grille used for heat control. 
The typical method of connecting pipe coils is shown in Fig. 9 and is 
suitable for atmospheric, vapor, vacuum, sub-atmospheric, and orifice 
systems. 

Typical pipe connections for indirect radiators and tempering or heating 
stacks are shown in Figs. 10, 11, 12 and 13. 

Where a building is served by a vacuum system or a sub-atmospheric 
system the stacks should be piped in the usual manner and traps of large 
capacity, preferably of the combination float and thermostatic type, 
should be used. In the orifice and closed two-pipe systems, traps should 
be used on the returns so that a pressure above that of the atmosphere 
may be secured on the heaters. 

Each stack should have a separate steam and return connection and 
trap. Wide stacks are more evenly heated if divided and supplied with 
two steam connections, one at each end, and a return connection for each 
steam connection. For stacks of large capacity it is sometimes desirable 
to run a separate steam main direct from the boiler to the stacks. 

PIPE SIZING FOR INDIRECT HEATING UNITS 

Pipe connections and mains for indirect heating units are sized in a 
manner similar to radiators, but the equivalent direct radiation must be 
ascertained for each row of heating unit stacks and then must be divided 
into the number of stacks constituting that row and into the number of 
connections to each stack. 


where 

EDR 

Q 

te 

tl 

60 

55.2 

240 


_ <3 X 60 X (ft - « _ Q X (ft - « ,,, 

■" 55.2 X 240 220.8 

= equivalent direct radiation, square feet. 

= volume of air, cubic feet per minute. 

= the temperature of the air entering the row of heating units under con- 
sideration, degrees Fahrenheit. 

~ the temperature of the air leaving the row of heating units under considera- 
tion, degrees Fahrenheit. 

= the number of minutes in one hour. 

= the number of cubic feet of air heated 1 F by 1 Btu. 

~ the number of Btu in 1 sq ft of EDR. 
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Example 4- Assume that the heating units shown in Fig. 14 are handling 50,000 cfm 
of air and that the rise in the first row is from 0 to 40 F, in the second row from 40 to 
65 F, and in the third row from 65 to 80 F. What is the load in EDR on each supply 
and return connection? 


Solution, For row 1, 

R 


50,000 X (40 - 0) 
220.8 


For row 2, 

R 


50,000 X (65 - 40) 
220.8 


For row 3, 

R 


50,000 X (80 - 65) 
220.8 


9058 sq ft. 


5661 sq ft. 


3397 sq ft. 


Each row of heating units consists of four stacks suid each stack has two connections 
80 that the load on each stack and each connection of the stack is as follows: 


Row 

Total liOiD 
(EDR) 

STACCliOALa 

(EDR) 

Connection LoAob 
(EDR) 

1 

9058 

2265 

2265 or 1132 

2 

5661 

1415 

1415 or 708 

3 

3397 

849 

849 or 425 


One quarter of total row load. 

bOne half of stack load if two steam connectioiw are made; otherwise, same as stack load. 


The pipe sizes would then be based on the length of the run ^d the pressure drop 
desired, as in the case of radiators. It generally is considered desirable to place the in- 
direct heating units on a separate system and not on supply or return lines connected to 
the general heating system. 


DRIPS 

A steam main in any type of steam heating system may be dropped to a 
lower level without dripping if the pitch is downward with the direction of 
steam flow. Any steam main in any heating system can be elevated if 
dripped. Fig. 15 shows a connection where the steam main is raised and 
the drain is to a wet return. If the elevation of the low point is above a 
dry return it may be drained through a trap to the dry return in two-pipe 
vapor, vacuum and sub-atmospheric systems. Horizontal steam pipes 
may also be run over obstructions without a change in level if a small pipe 
is carried below the obstruction to care for the condensation (Fig. 16). 
Horizontal return pipes may be carried past doorways and other ob- 
structions by using the scheme illustrated in Fig. 17. It will be noted 
that the large pipe, in this case, runs below the obstruction and the 
smaller one over it. 

Branches from steam mains in one-pipe gravity steam systems should 
use the preferred connection shown in Fig. 18, but where radiator condensa- 
tion does not flow back into the main the acceptable method shown in the 
same figure may be used. This acceptable method has the advantage of 
giving a perfect swing joint when connected to the vertical riser or radia- 
tor connection, whereas the preferred connection does not give this swing 
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without distorting the angle of the pipe. Runouts from the steam main 
are usually made about 5 ft long to provide flexibility for movement in 
the main. 

Offsets in steam and return piping should preferably be made with 
90-deg ells but occasionally fittings of other angles are used, and in such 
cases the length of the diagonal offset will be found as shown in Fig, 19. 



Fig, 15. Dripping Main 
Where it Rises to 
Higher Level 



Acceptable method Preferred method 



Fig. 16. Looping Main 
Around Beam 



To find length C*nujlbply A 
by «)nstant for angle B 



Fig. 17. Looping Dry 
Return Main Around 
Opening 



Fig. 18. Methods of 
Taking Branch from 
Main 


Fig, 19. Constants for Fig. 20. Dirt Pocket 
Determining Length Connection 

Offset Pipe 



Fig. 21. Dripping End 
of Main into Wet 
Return 




Fig. 22. Dripping End Fig. 23, Dripping Heel 
OF Main into Dry of Riser into Dry 

Return Return 


Dirt pockets, desirable on all systems employing thermostatic traps, 
should be so located as to protect the traps from scale and muck which 
will interfere with their operation. Dirt pockets are usually made 8 in. 
to 12 in. deep and serve as receivers for foreign matter which otherwise 
would be carried into the trap. They are constructed as shown in Fig. 20. 

On vapor systems where the end of the steam main is dripped down 
into the wet return, the air venting at the end of the main is accomplished 
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by an air vent passing through a thermostatic trap into the dry return 
line as shown in Fig. 21. On vacuum systems the ends of the steam mains 
are dripped and vented into the return through drip traps opening into 
the return line. The same method may be used in atmospheric systems. 
A float type trap is preferable to a thermostatic trap for dripping steam 
mains and large risers. If thermostatic traps are used, a cooling leg 
(Fig. 22) should always be provided. The cooling leg is for cooling the 
condensation sufficiently before it reaches the trap so the trap will not be 
held shut by too high a temperature. On down-feed systems of atmos- 
pheric, vapor, and vacuum types, the bottoms of the steam risers are 
dripped in the manner shown in Fig. 23. On large systems it is desirable 
to install a gate valve in the cooling leg ahead of the trap. 
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CHAPTER 16 


^lAJuief ^J^euiing, ^^dtemd and 


One- and Two^Pipe Systems, Selecting Pipe Sizes, Forced 
Circulation, Gravity Circulation, Expansion Tanks, Instal- 
lation Details, Examples of Piping Design 


H ot water heating systems may be divided into two general classes, 
the gravity systems in which circulation is caused by the difference 
in density of the water in the supply and return risers, and the forced 
circulation systems in which circulation is caused by a pump. Water is 
supplied at temperatures from 150 to 250 F, and the higher temperatures 
are generally used with the forced system. 

Four principal elements of a hot water system may be recognized, and 
these are discussed in the various chapters as follows: 

1, The boiler or heat exchanger in which the water is heated is similar to the steam 
boiler, and is discussed in Chapter 12. 

2. The radiators, convectors, pipe coils or panels that deliver the heat to the spaces 
to be heated are covered in Chapters 13 and 45. 

3. The design of the piping system through which the water flows from the boiler to 
the radiators and back to the boiler is considered in this chapter. 

4. The control system by which the temperature in the heated spaces is r^^ulated 
according to varying requirements is covered in Chapter 34. 

SYSTEMS OF PIPING 

There are two general systems of piping used for either gravity or 
forced hot water systems: 

(a) Two-pipe system. 

(b) One-pipe system. 

With either of these piping systems the distributing mains may be 
located in the basement with up-feed to the radiators and risers, or the 
supply main may be located in the attic with the return main located in 
the basement. For radiators located on the basement floor the mains 
may be run at the ceiling, as one of the advantages of a forced hot water 
heating system is that the returns need not be below the radiators as 
required with a steam system. In some one-pipe systems there is one 
supply main in the basement with separate flow and return riser con- 
nections to the radiators. 

In the two-pipe system there are separate supply and return pipes 
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throughout so that the radiators are connected in parallel, resulting in 
the same water temperature in all radiators. With the one-pipe system 
part of the water flows through more than one radiator, so that the 
water temperature toward the end of the main is not as high as near the 
boiler. However, with the one-pipe system, by maintaining a rapid 
circulation and small difference in temperature between the water leaving 
and returning to the boiler or other heat generator, the variation in the 
radiator water temperature is reduced. 

The two-pipe system for larger buildings should, if possible, be arranged 
for reversed return. The direct and reversed return systems are shown 
in Figs. 1 and 2. With the reversed return system, the length of the 
water circuit for any one radiator is the same as for any other radiator 
and, therefore, the friction and temperature losses to all radiators should 
be nearly the same. 

In some cases the reversed return system involves no more piping than 



Fig. 1. A Direct Return System Fig. 2. A Reversed Return System 


the direct return system. In the case of large buildings, it is often advis- 
able to zone the piping. 

Mechanical Circulators 

Circulating pumps are usually of the centrifugal type. The capacity 
of the pump is figured from the Mbh (1000 Btu per hour) required for 
heating and the drop in temperature selected. For example, for 100 
Mbh and 20 F drop a pump having a capacity of 5000 lb water per hour 
or 10 gpm should be used. The resistance head is based on the system as 
designed. In large systems the economical size of pump may be deter- 
mined by comparing the cost of power for operation, with the annual 
charges on the capital cost of the piping system, as larger pipe sizes mean 
less pump power. Velocities through piping in excess of 4 fps are likely 
to cause disturbing noises in buildings other than factories. In large 
systems the pumps are run continuously while in small ones they are 
run either continuously or intermittently depending on the type of auto- 
matic temperature control selected. Small circulating pumps are usually 
driven by direct-connected electric motors. Under certain conditions a 
valved by-pass should be provided and the piping so designed that in 
case of breakdown of the pump or failure of electric current there will be 
sufficient gravity circulation to keep the building reasonably warm. In 
large buildings or groups of buildings, it is often advisable to have two 
pumps, each of about 70 per cent of the total capacity, to take care of 
breakdown service. During mild weather, variations in water tempera- 
ture may be utilized to balance the required heat loss. In the larger 
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systems steam turbines are sometimes used to drive the pumps, the 
exhaust steam being used for heating the water, and in such buildings as 
hospitals this may be the most economical method. 

As the average pump used for water circulation is not over 60 per cent 
efficient, the cost of power on a large installation should be computed and 
comparisons made between the savings in capital cost of piping and the 
annual cost of power. 

FORCED CIRCULATION PIPE SIZES 

The pressure heads available in forced circulation systems are much 
greater than those in gravity circulation systems, consequently, higher 
velocities may be used in designing the system, with tiie result that 
smaller pipes may be selected and the first cost of the installation reduced. 
As the pipe sizes of a heating system are reduced, the necessary increase 
in the velocity of the water increases the friction losses and thus the cost 
of operation and the initial cost of the circulating equipment. The 
increased velocity of a forced circulation system offers a number of 
advantages, such as a much shorter heating-up period and a more flexible 
control of hot water circulation. This improved performance merits the 
small increase in operating cost necessary to circulate the water mechani- 
cally. The velocities required should be determined by calculation for 
the particular system under consideration. 

Since forced circulation velocities are higher than those in gravity 
systems, and since the friction heads in a heating system vary almost 
as the squares of the velocities, a given error in the calculation or assump- 
tion of a velocity is less important in a forced circulation system than in 
a gravity circulation system, and, consequently, it is easier to design a 
satisfactory forced circulation system than a satisfactory gravity circu- 
lation system. 

In forced hot water systems, it is customary to use a temperature drop 
of 20 or 30 F between the water entering and leaving the boiler or other 
heater. The head against which the system is to operate must then be 
decided. This varies from 2 to 5 ft for small systems and may rise to 
100 ft on large jobs with a group of buildings. For iron pipe, the sizes 
can be figured using Fig. 3 and Tables 1 and 3. For copper tubing 
Tables 2 and 3 are to be used. In systems designed with reversed returns, 
it will generally be found that very little adjustment is necessary to 
secure even distribution to all radiators. However, orifices may be used 
to control the flow and the capacities are given in Table 4. In large 
buildings provision should be made for quicMy draining radiators in case 
of breakage, and it is often advisable to install a lock shield valve on one 
end of eadi radiator and a hand controlled valve on the other. In case of 
breakage the two valves can be closed and the radiator removed without 
affecting the rest of the system. The lock shield valve can also be used 
for balancing the water circulation. 

GRAVITY CIRCULATION PIPE SIZES 

In gravity hot water heating systems the difference in temperature 
(density) between the flow and return water produces the required 
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Table 1. Heat-carrying Capacity of Standard Black Pipes 
WITH Temperature Drop of 20 

Nominal Pipe Sizes ^ in. to in., and Friction Heads 4 lo 800 milinches per foot {A = 
Capacity, Mbh. B = Velocity, inches per second) {One milinch equals 0.001 in.) 


Milinch Fbio- 
TION Loss PER 
Foot op Pipe 


Nominal Fipb Size, Inches 





0 75 

1.35 

2 85 

5.4 

113 

17.0 

33 0 

53.1 

95 

141 

197 

363 

596 

1250 

2320 

3730 

1.0 

1.7 

2.1 

2.4 

2.9 

3 2 

3 8 

4.8 

5 0 

5 5 

6.0 

7.0 

7.9 

9.6 

11 

12 


0.9 

1.7 

3 6 

6.75 

14 0 

21.2 

41.3 

664 

119 

176 

248 

456 

748 

1570 

2920 

4690 

1.8 

2.1 

2.6 

3 0 

3 6 

4.0 

4.7 

5.3 

6.2 

6.9 

7.5 

8 8 

10 

12 

14 

16 


1.35 2.45 
2.7 3.1 


9.8 205 31.0 
4.4 5.3 5.9 


97.4 175 

7.8 9.1 


259 364 

10 11 


2320 4330 6950 
18 21 24 


1.45 2.65 
2.9 3.4 


10.7 22.3 33.7 
4.8 5.7 6.4 


106 190 

8.5 9 9 


282 397 

11 12 


2530 4730 7590 
20 23 26 


1.55 2.85 
3.1 3.6 


1.75 8.25 
3.5 4.1 


2.0 3.65 

4.0 4.6 


11.5 24 0 36.3 
5.1 6.2 6.9 


13.0 27.1 41.0 
5.8 7.0 7.7 


14.7 30.6 46.3 
6.5 7.9 *88 


114 205 

9.7 11 


129 232 

10 12 


146 263 

12 14 


303 428 

12 13 


344 484 

13 15 


389 548 

15 17 


2730 5100 8190 
21 25 28 


3100 5790 9300 
24 28 32 


3510 6570 10560 
27 32 36 



285 461 832 1240 1750 3240 536011350 21320 34400 
33 37 43 48 53 62 71 87 104 118 



7.5 13.9 29.7 66.6 


8.75 16 2 34.7 66.2 
18 21 26 30 


9.85 18.3 39.2 74.8 
20 23 29 33 


ii 


577 1040 1550 2190 4060 6730 14270 26830 43300 
46 54 60 66 78 90 110 131 149 


676 1220 1820 2570 4780 7910 16790 31580 61000 
54 64 71 78 92 105 129 154 175 


765 1380 2060 2910 5410 8970 19040 35840 57880 
62 72 80 88 104 119 147 174 199 



aFor other temperature drops the pipe capacities may be changed correspondingly. For example, with 
a temperature drop of 30 F, the capaaties shown m this table are to be multiplied by 1.6. 
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Table 2. Heat-carrying Capacity of Type L Copper Tubing 
WITH Temperature Drop of 20 

Nominal Tube Sizes % in. to 4 and Friction Heads 60 to 720 milinches per foot. (A = 

Capacity^ Mbh. B *= Velocity^ inches per second) (jOne milinch equals 0.001 in.) 



•For other temperature drops the pipe capacities may be changed correspondingly. For example, with 
temperature drop of 30 F, the cai^acities shown in this table are to be multiplied by 1.5. 

Table 3. Iron and Copper Elbow Equivalents^ 


Fitting 


Elbow, 90-deg. 

Elbow, 45-cieg 

Elbow, 90-deg long turn 

Elbow, welded, 90-deg. 

Reducing coupling. 

Open return band 

Open gate valve 

Open globe valve. 

Angle radiator valve. 

Radiator or convector. 

Boiler or heater. 

Tee, per cent flowing through branch: 

100 . 

50. 

25. 


Iron 

Pipe 

Copper 

Tubing 

1.0 

1.0 

0.7 

0.7 

0.5 

0.5 

0.5 

0.5 

0.4 

0.4 

1.0 

1.0 

0.5 

0.7 

12.0 

17.0 

2.0 

3.0 

3.0 

4.0 

3.0 

4.0 

1.8 

1.2 

4.0 

4.0 

la.o 

20.0 


»^The friction head in one 90 deg standard elbow is approximately equal to the friction of a length of 
straight pipe of the same nominal size and 25 diam long. Hence one dhow equivalent equals 25 D 
divided by 12 feet of straight pipe or tubing. - • • • 
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natural circulation of the water. The design temperature difference is 
usually assumed from between 20 to 35 F. After having determined the 
temperature difference and the temperature of the flow water, data given 
in Fig. 4 can be used to obtain the pressure head. With information 
obtained concerning the required pressure head the same procedure is 


FLOW OF WATER IN GALLONS PER MINUTE 



followed for computing the necessary data for a gravity circulation 
system as w^s previously outlined for a forced hot water system. Radiator 
heat emission rates from 150 to 200 Btu per square foot are commonly 
used so that flow temperatures generally range from 180 to 200 F or 
higher. Assuming a flow temperature of 200 F and a 35 F drop, and with 
the mains located 4 ft above the top of the boiler, a circulating pressure 
head of 600 milinches results. This is obtained by following the 200 F 
floor riser line in Fig. 4 to where it intersects the 165 F return riser line 

308 


CHAPTER 16. HOT WATER HEATING SYSTEMS AND PIPING 


and reading horizontally a pressure head of 150 milinches per foot or 600 
milinches for 4 ft. Assuming first floor radiators are located 3 ft above 
the mains and second floor radiators 12 ft above the mains, third floor 21 ft 
and fourth floor 30 ft, the circulating pressure heads are 450, 1800, 3150 
and 4500 milinches respectively. 



Fig. 4. Gravity Pressure Heads for Various Temperature Differences 

EXPANSION TANKS 

Water heated from 40 F to 200 F expands about 0.04 of the original 
volume. The expansion tank permits the change in volume of the water 
in the heating system to take place without producing undesirable stresses 
due to pressure in any part of the system. 

Expansion tanks may be open, as illustrated in Fig. 5, or closed as 
shown in Fig. 6. 

An open expansion tank has free vent to the atmosphere and con- 
sequently the pressure on the surface of the water is always that of one 
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atmosphere. The minimum contents of an open tank should be 0.06 of 
the volume of the water in the system including that in the boiler, heat 
transmitters, pipes, etc. This capacity is 50 per cent in excess of the 
actual increase in volume of water due to increase in temperature from 
40 F to 200 F. The tank should be located at least 3 ft above the highest 
radiator. Provision must be made to prevent freezing of the water in 
the tank as well as in the pipe leading to the tank. 

In a thermally circulating hot water heating system, the pipe to the 
open expansion tank should be connected to the supply riser from the 
boiler, so that the air liberated from the water in the boiler will enter the 
expansion tank. 

In a forced circulating hot water heating system, the pipe to the open 
expansion tank should be connected on the suction side of the circulating 
pump, so that the pressure head on the suction side of the pump will 
remain practically constant. 

A closed expansion tank is sealed against free venting to the atmos- 
phere. The tank may be above the highest radiator or heat transmitter, 
or may be below the lowest one. The minimum contents of a closed 
expansion tank must be such that the expansion of the water due to 
increase in temperature will be cushioned against a reservoir of compressed 
air above the water level in the expansion tank. The tank must provide 
space not only for the change in water volume, but also for variations in 
air volume within the tank due to changes in air pressure. If the closed 
expansion tank is below the heat transmitters, the tank should be larger 
than if it is above them, and the higher the building, under such circum- 
stances, the larger should be the air capacity within the tank in excess of 
that required merely for increase in water volume due to temperature 
increase. 

The size of a basement-located closed expansion tank should be at least 
equal to the following: 

One story buildiiigs: x = 0.10 V 
Two story buildings: x — O.IS V 
Three story buildings: x = 0.17 V 
Six story buildings: x = 0.28 V 

where 

X = expansion tank size in gallons. 

V « water volume in heating system in gallons. 

This condition favors, especially in tall buildings, the placing of the 
closed expansion tank above the highest heat transmitter. 

Any closed expansion tank located above the heat transmitters of a 
hot water heating system should be connected by a direct pipe with the 
flow mmn leaving the boiler, in order to enable the air to pass easily to the 
expansion tank. In a closed hot water heating system the water under 
pressure tends to absorb air at a rate increasing with pressure increase 
and decreasing with temperature increase. 

Means must be provided to adjust and to observe the proportion of air 
within any closed expansion tank. This involves the provision of an air 
inlet valve, a water gage and a relief valve. A source of supply of com- 
pressed air for renewing the air cushion is highly desirable, especially in 
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Table 4. Friction Heads (in Milinches) of Central Circular 
Diaphragm Orifices in Unions 
{One milinch equals 0.001 in.) 


Dulmeteb 

OP 

Okificss 

(Inches) 


VetiOcitt op Wateh in Pipe in Feet per Minute 


10 

15 

20 

30 

40 

SO 

60 

90 

120 


180 


^-in. Pipe 


0.25 

1300 

2900 

5000 

11,300 

20,800 

32,000 





0.30 

650 

1450 

2500 

5700 

10,400 

16,000 

Wj Altllll 

57,000 



0.35 

330 

740 

1300 

2900 

5200 

8000 

■ Jlllllll 

26,000 

47,000 


0.40 


380 

660 

1500 

2600 

4000 

6800 

13,000 

24,000 


0.45 


185 

330 

740 

1300 

2000 

2900 

6500 

ratililil 

KVltiTiTil 

0.50 



155 

350 

620 

970 

1400 

3200 

5700 

13,000 

0.55 



75 

170 

300 

480 

700 

1600 

2800 



1-in, Pipe 


0.35 

900 

2000 

3500 

7800 

14,000 

22,000 

32,000 




0.40 

460 

1000 

1800 

4000 

7200 

12,000 

17,000 

37,000 



0.45 

270 



2300 

4100 

6400 

9300 

21,000 

37,000 


0.50 

160 


580 

1400 

2300 

3700 

5400 


22,000 

EiliKO] 

0.55 


■llil 

330 

750 

1300 

2200 

3000 

7000 

13,000 

28,000 

0.60 


■■ 

200 

440 

800 

1300 

1800 

4200 

7400 

17,000 

0.65 


■ 

120 

260 

460 

720 1 

1100 

2400 

4300 



l^i-in. Pipe 


0.45 

1000 

2250 

4000 

8900 

16,000 

25,000 

36,000 




0.50 

660 

1450 

2600 

5800 

10,400 

16,400 

23,000 

53,000 



0.55 

KElil 

950 

1700 

3800 

6800 

10,500 

15,000 

34,000 

60,000 


0.60 


630* 

1100 

2500 

4400 

6900 

10,000 

22,000 

40,000 


0.65 


mmM 


1700 

3000 

4700 


15,000 

27,000 


0.70 

WM 

285 

Kill 

1150 

2000 

3100 



18,000 

crtlllilM 

0.75 

■ 

190 

330 

750 

1300 ! 

2100 

3000 

6700 

12,000 

26,000 


ly^-in. Pipe 


0.55 

850 

1900 

3300 

7400 

13,000 

21,000 

30,000 




0.60 

600 

1300 

2300 

5400 

8600 

16,800 

21,000 

50,000 



0.65 

400 

850 

1500 

3600 

7200 

10,400 

14,000 

30,000 

53,000 


0.70 

260 

600 

1100 

2600 I 

4400 

7000 

10,000 

21,000 

39,000 


0.75 

180 

400 

760 

1800 

3000 

5000 

7000 

14,000 

28,000 


0.80 


300 

540 

1200 

2200 

3200 

5000 

10,200 

19,000 

45,000 

0.85 1 


200 

380 

860 

1600 

2300 

3000 

7800 

13,000 

30,000 


2-in. Pipe 


0.70 

890 

1850 

3500 

7400 

14,000 

22,300 

33,000 




0.80 

470 

975 

1800 

3900 

7400 

11,700 

17,000 

37,000 



0.90 

255 

560 

1000 

2200 

4200 

6500 

9500 

20,500 

38,000 


1.00 

160 

340 

610 

1320 

2520 

4000 

5800 

12,500 

23,000 

49,000 

1.10 


214 

375 

850 

1600 

2500 

3700 

7900 

14,000 

30,000 

1.20 



195 

460 

950 

1360 

1910 

4200 

8100 

16,800 

1.30 




275 

525 

980 

1375 

3100 

4400 

8850 


Note . — ^The losses of head for the orifices in the iH-ua* a^id 2-in. pipe were calculated from those in the 
smaller pipes, the calculations being based on the assumption that, for any given velocity, the loss of head 
is a function of the ratio of the diameter of the pipe to that of the orifice. This had been found to be 
practically true in the tests to determine the losses of head in orifices in M-iu*. 1-in., and pipe, con- 

ducted by the Texas Engineering Experiment Station, and also in the tests to determine the losses of head 
in orifices in 4-in., 6-ln., and 12-in. pipe, conducted by the Engmeering Experiment Station of the University 
of Illinois, {Bulletin 109, Table 6, p. 38, Davis and Jordan). 
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large, high pressure hot water heating systems where it is inconvenient, 
if not impracticable, to drain down the water in the system so as to permit 
introduction of atmospheric pressure air. 

For every hot water heating system the designer should calculate the 
volume of water contained in the radiators, piping system, boiler, etc., 
in order to select the proper size of expansion tank. The water content 
of the piping can be obtained from Table 5. For a rough selection of size, 
however, it is sometimes assumed that 50 per cent of the volume of water 
is contained in the radiators, and that the water content per square foot 
of radiator heating surface is 0.2 gal for column radiators and 0.13 gal 
for tube type radiators. 

Another rough method for determining the size of an expansion tank 
to be located above the highest radiator is to divide the square feet of 


Table 5. Volume of Water in Standard Pipe 


Pipe Size, 

In. 

Lineal Ft of Pipe 

Containing 1 Gal 

K> 

63.1 

H 

36.1 

1 

22 2 


12.8 

9.47 

2 

5 75 


4.02 

3 

2.60 

4 

1 52 

5 

0 96 

6 

0.67 


radiation by the factor 40 to obtain the required capacity in gallons of 
the expansion tank. 


INSTALLATION DETAILS 

Items that should be considered in the design of this type of system are: 

All piping must be so pitched that all air in the system can be vented either through 
an open expansion tank, radiators or automatic relief valves. 

All piping must be arranged so that the entire system can be drained. Sections of 
piping individually valved shall have corresponding drain valves. 

In large buildings, the piping may be zoned according to exposure of building, usage 
of building, or method of control. 

All piping must be installed so that it is free to expand and contract with changes of 
temperature without producing undue stresses in the pipes or connections. For this 
purpose it is generally sufficient to allow for a variation in length of 1 in. for 100 ft of pipe. 

The pipe system should be designed so that each circuit has its correct friction head 
for balanced water distribution. This may be done by change of pipe size or iange in 
piping detail. 

The connections from the boiler to the mains should be short and direct, to reduce the 
friction head and allow for expansion. It is frequently possible to avoid an elbow and 
to reduce the length of the pipe by running the pipe in a diagonal direction, either in a 
horizontal or in a vertical plane. 

The mains and branches should pitch up and away from the heater, generally not 
less than 1 in. in 10 ft. 

The connections from mains to branches and to risers should be such that circulation 
through the risers will start in the right direction. Hence, in a one-pipe system the flow 
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connection must be nearer the heater than the return connection. In a correctly- 
designed two-pipe system, the pressure in the flow main is higher than that in the return 
main, and a slight variation in the distances of the flow and return connections from the 
heater is not material; but it is generally best to have the two connections about equally 
distant from the heater. 

Generally connections to risers or radiators are taken out of the top of mains either 
45 or 90 deg. In some cases it may be advisable to take the flow connection off the top 
of the main and the return connection from the side. 

With forced circulation and high velocities, it is advisable to let the water enter at the 
top of the radiator and leave at the bottom of the opposite end. With gravity circulation 



the flow connection may be either at the top or at the bottom of the radiator. With 
short radiators both flow and return may be at same end, but top and bottom. 

Unless used as heating surface, all piping, both flow and return, should be insulated. 


EXAMPLES OF PIPING DESIGN 

The following graded series of examples of the design of hot water 
piping systems will illustrate the fundamental principles and methods. 
The differences between reversed return and direct^ return systems are 
shown, and the methods of balancing the several radiators or circuits are 
illustrated. A simple gravity system is shown in Fig. 7 and an elementary 
forced circulation system is diagrammed in Fig. 8. 

Elementary Gravity System 

Example 1. A simple gravity-circulation system is illustrated in Fig. 7 with one 
radiator that is giving off heat at the rate of 20,000 Btu per hour or 20 Mbh. The boiler 
imparts heat to the water at the same rate, and the water circulates at a uniform velocity. 
The thermal or gravity pressure head which produces the circulation is equal to the 
friction head which resists the circulation. The circuit consists of 1 boiler, 1 radiator, 
2 ells, 1 radiator valve and a total of 24 feet of pipe. 

Solution. With the average water temperatures of 200 and 180 F in the supply and 
return risers, respectively, the pressure head will be 90 milinches per foot of water 
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column. This pressure head may be found from Fig, 4. Since the center of the radiator 
is 10 ft above the center of the boiler, the total pressure head of the circuit is 10 x 90, 
or 900 milinches, or 0.9 inches of 190 F water. Tne friction head of the circuit must then 
also be 900 milinches. The friction head of 1 ft of 1 in. pipe is found from Fig. 3 to be 
about 46 milinches at 20 Mbh, and the corresponding velocity 9 in. per second. (Note 
that all values in Fig. 3 are based on a temperature difference of 20 F.) 

Similarly, if a IJ^ in. pipe were to be used, the friction head would be about 12 mil- 
inches per foot and the corresponding velocity about 5 in. per second, from Fig. 3. 

To find the friction head in the elbows, boiler, radiator and valve. Table 3 is used, and 
the entire circuit is found to be equal to 10 elbow-equivalents plus 24 ft of pipe. Each 
elbow-equivalent is equal to a pipe length of 25 times the nominal diameter. Then the 
equivalent lengths of straight pipe are 45 ft of 1 in. pipe or 50 ft of 1}^ in. pipe. 

Hence, if 1 in. pipe is used, the fh (friction head) of the circuit will be 45 x 46, or 
2070 milinches, and if IJ^ in. pipe is used, thef/i will be 50 x 12, or 600 milinches. A 





20 
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Radiatoi 
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Boiler 
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Pump 
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Fig. 8. Forced Circulation System 


1 in. pipe would, therefore, be too small and a 1 34 in. pipe too large to permit the desired 
circulation with a flow-return temperature difference of 20 F. 

If the circuit is of 1 in. pipe, the circulation will take place with a temperature differ- 
ence greater than 20 F, and if the circuit is of 134 in. pipe, the circulation will take place 
with a temperature difference smaller than 20 F. To find, for example, the temperature 
difference at which a circuit of 1 in. pipe would transmit the required 20 Mbh, assume the 
diff^ence to be 40 F. The ph (pressure head) would be (Fig. 4, from 200 to 160) 175 
milinches per foot, or 1750 for the system. The fh for the system may be found from 
Fig. 3; the chart of this figure is based on a temperature difference of 20 F; if the tempera- 
ture difference were 40 F, the heat conveyed would be twice that shown in the chart. 
Hence, find 10^ Mbh on the lower scale, proceed vertically upward to the intersection 
with the 1 in. line, and from there to the left scale and read 13 milinches per foot. Note 
that the velocity would then be only about 5 in. per second. The totoX fh would then be 
45 X 13 or 585 milinches. Since the ph would be 1750, circulation would take place with 
a temperature difference less than 40 F. The required temperature difference may be 
determined by constructing the diagram of Fig. 9, from which it appears that the 
temperature difference with which the 1 in. pipe circuit would function is about 30 F. 
Hence, if the flow riser temperature is 200, the return riser temperature will be 170, and 
the average water temperature in the radiator, about 185 F. 

Elementary Forced Circulation System 

Example 2, Design a system for the piping arrangement shown in Fig. 8, according 
to one of the outlined procedures. The ph developed by the circulating pump and the 
pipe size may be assumed and the flow-return temperature difference found; or, the ph 
developed by the pump and the flow-return temperature difference may be assumed and 
the pipe size found; or the pipe size and the flow-return temperature difference may be 
assumed and the ph found which the circulating pump must develop. 

Solution, Assume that the circulating pump will develop a of 2 ft or 24,000 
milinches and that a 1 in. pipe is to be used. The equivalent length of the circuit will 
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then be 45 ft, as in Fig. 7, and the available ph will be 24,000/45, or 533 milinches per 
foot. ^ In Fig. 3, find 533 on the left scale, move horizontally to the intersection with 
the 1 in. pipe line, and read about 77 Mbh delivered by the pipe (with a velocity of about 
35 in. per second) for a temperature difference of 20 F. Since the circuit is to deliver 
only 20 Mbh, the temperature difference will be 20 divided by 77 and multiplied by 20, 
or 5.2 F. Hence, if the flow riser temperature is 200, the return riser temperature will be 
about 195, and the average water temperature in the radiator, about 197.5 F. 

If a H in. pipe were used instead of a 1 in., the equivalent length of circuit would be 
35 ft instead of 45; the unit ph, 686 milinches instead of 533; the velocity, 27 in. per 
second instead of 35; the temperature difference, 19,5 instead of 5.2; and the average 
water temperature in the radiator, about 190.5 instead of 197.5 F. 

If the 1 in. pipe is used for the circuit, the gravity ph will be 22 milinches per foot, 
or 220 for the circuit (Fig. 4, 200 to 195). Since this is only 1 per cent of the pump ph 



Fig. 9. Determination of Required Temperature Difference 

(24,000 milinches), it may be neglected in the calculation, as was done previously. 
However, there are cases in which the gravity ph is so large compared with the pump 
ph^ that it should be included in the calculation. 

The methods just described for the design of the two elementary 
systems are fundamental and apply^to the design of all hot water heating 
systems. In every system, however large and complicated, the pipe 
system must be such that the ph forcing the water from the boiler to 
any one radiator is equal to the fh in that radiator^s circuit when the 
radiator is receiving its proper quantity of hot water and the system is 
functioning at a steady rate. 

Two-Pipe Gravity Circulation System 

Example 3. In the system shown in Fig. 10, water leaving the boiler may flow to any 
one of the three radiators. If the system is designed correctly, each radiator will receive 
its proper share of the hot water. Since Radiator 3 has the largest load and is also 
farthest from the boiler, it is the least favorably located with reference to circulation, 
and its circuit should be designed first. If the pipes leading to it are large enough, it 
will be easy to secure sufficient circulation for the other two radiators. 

The system is to function with a 40 F flow-return temperature difference. The ph 
for each radiator is 7 x 175 (Fig. 4), or 1225 milinches; the fh for each radiator circuit 
must, therefore, also be 1225 milinches. 

Solution. In order to design a radiator circuit accurately and systematically, the 
circuit should be divided into sections. The division points of sections must be where 
the pipe sizes change or may change, and where the volume of water flowing in the pipe 
changes. The data relating to the several sections may be recorded as shown in Table 6. 
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Table 6. Tabulated Data for Example 3 

Circuit No. S. AvailaUe ph 1225 miltnches 


Section 

Load 

Mbh 

Pipe 

Length 

Ft 

Elbows 

No. 

Pipe 

Sl2E 

In. 

Equivalent 

Length, 

Ft 

Unit Friction 
Milinches 
PER Ft 

Total 

Friction, 

Milinches 

0-4 

45 

3.5 

2.5 

m 

11.3 

6.3 

71 

4-5 

35 

10.0 

20 

IH 

15 2 

9.2 

140 

5-6 

20 

12 0 

0.0 

m 

12 0 

3.4 

41 

6-3 

20 

6.5 

5.5 

1 

17.5 

13 

228 

3-7 

20 

9.5 

5.5 

1 

20 6 

13 

267 

7-8 

20 

12.8 

1.0 

1 

14.9 

13 

194 

8-9 

35 

13 8 

2.5 

IH 

20 3 

9.2 

187 

9-0 

45 

2.3 

2.5 

m 

10.1 

6.3 

64 

Total 


70.4 

21.5 


121.8 


1192 


Circuit No. 2. Available ph 1225 milinches 


0-4 

4- 5 

5- 2 

45 

35 

15 

6.2 

6 

1 

18.7 

7.5 

71 

140 

140 

2-8 

15 

9.5 

7 


20.4 


490 

8-9 

35 






187 

9-0 

45 






64 

Total 







1092 


Circuit No. 1. Available ph 1225 mtlinches 


0-4 

4-10 

10-1 

45 

10 

10 

9.0 

5.0 

1.6 

5.5 


11.3 

10.7 

11 

46 

71 

124 

434 

1-11 

10 

9.5 

5.5 


18.1 

11 

199 

11-9 

10 

11.5 

2.5 

% 

15.4 

11 

169 

9-0 

45 






64 

Total 







1067 


Data recorded in Table 6 show that Circuit 3 consists of 70.4 ft of pipe and 21.5 
elbow equivalents. Assuming that the average size of the pipe will be 1 in., the 21.5 
elbow equivalents may be replaced by 21.5x2.6 (2^2x1.25x1.0), or 56 ft of pipe, which 
would make the total equivalent length of the circuit 70.4 plus 56 or 126.4 ft of pipe, 
and the average /A, 1225/126.4, or about 10 milinches per foot. For this unit fh and a 
temperature difference of 40 F (see Fig. 3), a 1 in. pipe will convey 18 Mbh, a IJ^ in. 
pipe, 37 Mbh, and a IJ^ in. pipe, 56 Mbh. The pipe sizes for the several sections of 
Circuit 3 may be selected as indicated in Table 6. Having selected the pipe sizes, the 
unit friction heads may be found from Fig. 3 and the total friction head calculated and 
recorded as shown in Table 6. If the grand total, in the present case 1192 milinches, 
differs materially from the available ph, 1225 milinches, one or more of the pipe sizes 
must be changed and the calculation repeated xmtil the total jh is practically equal to 
the available ph of 1225 milinches. 

It is not necessary, in the design of hot water heating systems, to be extremely careful 
to have the /A e^ctly equal to the available ph, because a hot water heating system has 
die ability to adj ust itself to varying conditions of considerable magnitude. F or example, 
in the present case, the calculated is 1192 milinches, or about 3 per cent less than the 
calculated available ph\ the water would, therefore, circulate a little faster than con- 
templated and the return temperature would be a little higher than 160 F. This would 
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Fig. 10. Two-Pipe Gravity Circulation System 


immediately lower the available ph and the ph and fh would come into balance at a 
value higher than 1192 and lower than 1225. 

Since it is generally not necessary to make extremely refined calculations^ Table 1 may 
often be used instead of the chart of Fig. 3 to determine pipe sizes. For example, in the 
present case, Table 1 shows that for an fk of 10 milinches a 134 in. pip^ would convey 
28 Mbh with a temperature difference of 20 F or 56 Mbh with a temperature difference 
of 40 F. Since the 134 in. pipe in Fig. 10 is to convey only 45 Mbh with a temperature 
difference of 40 F, or only 22.5 with a temperature difference of 20 F, it is evident from 
the table that the fh will be between 6 and 8 milinches. For 6 milinches the heat con- 
veyed is 21,2 and for 8 milinches, it is 24.8; for 22.5 Mbh, the fh would be estimated to be 
about 6.5, which would be sufficiently accurate for the present calculation. 

Having completed the design of Circuit 3, it is simple to design Circuit 2 because it 
has four sections in common with Circuit 3 and it is only necessary to design Sections 
5-2 and 2-8, as shown in Table 6, so that the total fh of Circuit 2 will be practically 
equal to the total fh of Circuit 3. 

Having completed the design of Circuit 2, it is necessary to design Circuit 1, as shown 
in Table 6, so that its total fh will be approximately equal to the total /A of the other two 
circuits since all three circuits have equal pressure heads. 

Two-Pipe Forced Circulation System 

Example 4- In the design of a system for Fig. 11, as in the design of Example 2, there 
are three unknowns — pressure head, pipe size,^ and flow-return temperature difference, 
any two of which may be assumed and the third found. In the design of a system for 
Fig. 8, the pressure head and the temperature difference were assumed and the pipe sizes 
found. In this case, the pressure head is to be found. 

Solution. In selecting the temperature difference and the pipe sizes, it should be borne 
in mind that the first cost of the pipe system and of the radiation is reduced by reducing 
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the temperature difference and by reducing the pipe sizes, but the ph and the cost of 
pumping the water are increased. The choice of temperature difference and pipe sizes 
which produce the greatest economy in first cost and in cost of operation can be deter- 
mined after having made two or three trial designs. For the first design, 20 F will be 
selected as the temperature difference and the pipe sizes will be chosen as shown in Fig. 
11. A calculation similar to that of Table 7 will show that the /A of Circuits 1, 2, and 3 
will be, respectively, about 9000, 15,300, and 14,300 milinches. To increase the fh of 
Circuit 1 from 9000 to 15,000 milinches would require the insertion in the circuit of a 
section of ^ in. pipe, or an orifice resistor, or a regulating valve. However, this would 
cause unnecessary ^pense. The system will function well with the pipe system shown 
in Fig. 11. If the circulator maintains a pressure head of 15,300 milinches, the velocity 
in Circuit 1 will increase until the//^ of the circuit is also 15,300 milinches; i. e., its//t will 
be increased from the calculated 9000 to the required 15,300, or 6300 milinches. 

As calculated, the three radiators are to dissipate 10, 15, and 20 Mbh, respectively, 
with a temperature difference of 20 F. Consequently, water must flow through these 
three radiators at the rates of 1, 1.5, and 2 gpm, respectively. When water flows through 
a in. pipe at the rate of 1 gpm, the velocity in the pipe is (Fig. 3) about 13 in. per 
second and the unit fh is 165 milinches. The equivalent length of sections 4-10, 10-1, 
1-11, and 11-9 of this circuit is 50 ft, and its total fh is 8250. In order that the fh may be 
increased 6300 milinches, the unit fk must be increased 126 milinches; consequently, 
the velocity in the 3^ in. pipe (Fig. 3) must be increased from 13 to 16 in. per second. 
Hence, when the fh of Circuit 1 has been increased to 15,300, water will flow through 
Radiator 1 at the rate of 16 -f- 13, or 1.23 gpm. This increase in volume of water will 
increase the load on the circulating pump in the proportion of 450 to 473 and will increase 
the heat dissipation of Radiator 1 slightly (about 3 per cent) but otherwise will not 
affect the operation of the system. 


One-Pipe Gravity Circulation System 

Example 5. A one-pipe system is one in which the water flows through more than one 
radiator before it returns to the boiler to be reheated. A two-pipe system as shown in 
Figs, 10 and 11 is one in which the water returns to the boiler to be reheated after it 
has passed through one radiator. Many large heating systems contain some one-pipe 
and some two-pipe sections. The piping system shown in Fig. 12 functions with a 
flow-return temperature difference of 40 F. 

Solution, Since the four radiators are each to deliver 15 Mbh, and since the water is 
to leave the boiler at 200 F and return at 160 F, Radiator 1 will receive 200 F water 
I^diator 2, 190 F water, Radiator 3, 180 F water, and Radiator 4, 170 F water. Since 
the system is to supply 60 Mbh with a temperature difference of 40 F and since 1 lb of 
water liberates 1 Btu when cooled 1 F, it is necessary that water circulate through this 
system at the rate of 60,000 ^ 40, or 1,500 lb per hour, or 25 lb per minute. Assuming 
one gallon of water to weigh 8.33 lb, water must circulate in the system at the rate of 
3 gpm. If the temperature difference were 20 F instead of 40, the circulation would be 
at the rate of 6 gpm. It is well to remember that, with a temperature difference of 20 F 
water circulating at the rate of 1 gpm will convey heat at the rate of 10 Mbh. The chart 
of Fig. 3 shows the rate of circulation in gpm on the upper scale and the corresponding 
heat conveyance on the lower scale. 

^ The system may be divided into 5 separate systems. Each of the four radiators with 
its flow and return lines constitutes an elementary heating system (similar to Example 
1), and the flow main with its two risers is also a complete elementary system. 

^ If the center of the boiler is 4 ft below the center of the flow main, and if the flow 
ns^conmins 200 F water and the return riser, 160 F water, the ph for the main circuit 
IS (Fig. 4) 4 X 175, or 700 milinches. The circuit consists of 110 ft of pipe and 10 elbow 
^uivalents; its equivalent length is about 150 ft if a 2 in, pipe is used as the main 
The average ph will be 700 -s- 150, or 4.7 milinches. According to Fig. 3 or Table 1 for 
^ ^ convey about 70 Mbh. Since the pipe is to convey only 

60 Mbh, It is slightly too large but should be used. The fh will, then, be 3.5 milinches 
inst^d of the permissible 4.7. The water will circulate with a temperature difference 
slightly less than 40 F, and the three last radiators would receive water slightly warmer 
than indicated in Fig. 12. 

As the water flows in the main and arrives at one of the four points marked A, the 
flow will be divided and a portion of the water will take the short path in the main to 
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the point 5, and the remainder will take the long path through the radiator to the point 
B. Since the two paths together offer less resistance to the flow than the one path alone, 
the unit jh will be less than 3.5 milinches between the points A and 5. If the distance 
from .4 to 5 is 4 ft, and if, for example, the flow in the short path is 2 gpm, the ph forcing 
the water along the two paths is 4 x 1.6, or about 6 milinches. Since th&fh of the long 
path is much greater than the fh of the short path, only a comparatively small portion 
of the water would take the long path. However, the gravity head of the radiator 
supplies an additional ph for the long path. If the center of the radiator is 4 ft above the 
main and if the radiator circuit is designed for a temperature difference of 30 F, the 
radiator ph will be about 4 x 120, or 480 milinches. In that case, the ph is 6 milinches 
for the short path and 486 milinches for the long path. The radiator circuit consists of 
11 ft of pipe and about 14 elbow equivalents. If the circuit is of 1 in. pipe, its equivalent 
length is about 40 ft and the nmt jh should be 486 ^ 40, or 12 milinches. For this fh 
and 30 F temperature difference, a 1 in. pipe conveys about 15 Mbh (Fig. 3). A 1 in. 
pipe is, therefore, the correct size, and the water would flow through the radiator with 
a temperature difference of 30 F. 

Since each of the four radiators delivers one fourth of the total heat, and since the 
total temperature difference is to be 40 F, the water would cool 10 F in every radiator 



Fig. 12. One-pipe Gravity Circulation System 


if all the water passed through every radiator. Since the water cools about 30 F in 
flowing through the radiator only of the water flows through the radiator and % 
flow through uie main from point A to point B. 

It follows from these calculations that, if the main is of 2 in. pipe and the radiator 
branches are of 1 in. pipe, water will circulate through the system at the rate of 3 gpm 
with a temperature difference somewhat less than 40 F and that, at the radiator connec- 
tions, water will circulate through the radiators at the rate of 1 gpm and that, conse- 
quently, between radiator branch connections the fh is at a lower rate since only 2 gpm 
flow through in the main between those points. 

One-Pipe Forced Circulation System 

Eocample 6. The system shown in Fig. 12 as a gravity circulation system may be 
changed to a forced circulation system by inserting a circulating pump as shown in Fig. 
13. The location of the expansion tank should then be changed as indicated. 

Solution, To design this system the pipe sizes and the temperature difference may 
be assumed; for example, 1}4 pipe may be selected for the main and ^ in. pipe for 
the radiator branches and risers, and 20 F as the flow-return temperature difference. 
Since the system is to deliver 60 Mbh with a temperature difference of 20 F, the pump 
must circulate 60 -r- 10, or 6 gpm. 

For this load, the unit fh for a 1 in. pipe is 86 milinches. The main circuit consists of 
110 ft of pipe and 10 elbow equivalents and may be placed equal to 136 ft of 1 in, pipe. 
The total /A for the main circuit is 136 x 86, or 11,696 milinches, or practically 1 ft for a 
flow of 6 gpm. 
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At the points a portion of the water will be diverted through the radiator circuit, 
and as a result less than 6 gpm will flow in the main between the points A and B, and 
the fh will be slightly less than 86 mihnches per foot between these points. But the 
difference will be so small that it may be neglected and the total from A to B assumed 
to be 4 X 86, or 344 milinches. The ph forcing the water through the radiator circuit will 
then be 344 milinches. The radiator circuit consists of 11 ft of pipe and about 14 elbow 
equivalents and may be placed equal to 32 ft of pipe and the available ph 344 4- 32, or 
about 11 milinches per foot. With this ph, a ^ in. pipe will convey about 5 Mbh (Fig. 3), 
or 0.5 gpm. Hence, only 5 60, or about 8 per cent of the water, would flow through 

the radiator, if the radiator’s gravity head is not considered. The water would, then, 
have to cool 60 F in order to deliver 15 Mbh, and the average radiator temperature 
would be 170 if the water entered at 200. This would require a large radiator and result 
in an unsatisfactory installation. 

To secure a larger flow of water through the radiator it is necessary to increase the fh 
of the short path A-B in the main. This may be done by inserting special resistance 
tees at points A and B, or by inserting an orifice resistor between points A and B, or by 
reducing the 1 in. main between the points A and B to the next smaller size, t.e. 1 in. 


200F 



Fig. 13. One-pipe Forced Circulation System 


The relative quantity of water flowing through the radiator may then be found by 
trial calculations. Assume, first, that 1 gpm will flow through the radiator and 5 gpm 
through the main. The ph for 1 gpm and a in. pipe is 40 milinches per foot, or 32 x 40, 
or 1280 for tfie radiator circuit. 

The main circuit consists of 4 ft of 1 in. pipe and two reducing tees. The two reducing 
tees may be placed equal to 0.8 elbow equivalents (Table 3), and the equivalent length 
of the main circuit equal to 5.7 ft. 

The fh for 5 gpm and a 1 in. pipe is 240 milinches per foot, or 5.7 x 240, or 1370 mil- 
inches for the main circuit. Since this is only slightly more than the calculated fh for 
the radiator circuit, it is evident that the flow through the radiator will be slightly more 
than 1 gpm, and it is not necessary to make a second trial calculation. The quantity of 
water flowing through the radiator can be varied by varying the distance between the 
points A and B, where the radiator branches join the main. 

In order to deliver 15 Mbh to the radiator with a temperature difference of 20, it is 
necessary that 1.5 gpm flow through the radiator; since, in this case, the flow through 
the radiator is only 1 gpm, the temperature difference must be 30 F. 

If the water enters the radiator at 190 F, the average water temperature will be 
175 F. The quantity of water circulating through the radiator may be varied con- 
siderably without an appreciable effect on the quantity of heat dissipated by the radiator. 
This is evident from the following calculation. 

Assume that Radiator 2 has been designed so that it will dissipate 15 Mbh when its 
flow of water is at the rate of 1 gpm, and when its average temperature is 175 F. Assume 
that the flow of water is increased 50 per cent — ^from 1 gpm to 1.5 gpm. The water will 
then flow through the radiator in two-thirds the time and will cool two-thirds as much; 
i.e., it will cool 20 F instead of 30 F, and the average radiator temperature will be 180 F 
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instead of 175 F. If the surrounding temperature is 70 F, the temperature differences, 
radiator and surroundings, will be 110 and 115 F, respectively. Consequently, the heat 
dissipation will be increased only about 6 per cent when the quantity of water flowing 
through the radiator is increased 50 per cent. 

By decreasing the main from 1 to 1 in. between radiator branches while the flow is 
decreased from 6 to 5 gpm, the Jh in that section of the main is increased from 344 to 
1370 milinches, or 926 milinches. Hence, for the four radiator sections the increase is 
3704 milinches, and the total fh for the circuit will be 11,696 plus 3704, or 15.4 in. instead 
of 11.7 in. as first calculated. The pump must, therefore, circulate 6 gpm against a head 
of 1.3 ft. 

Reversed and Direct Return Systems 

In a reversed return system the radiators are connected so that all 
circuits are practically of equal length and so that the water flowing 
through the radiator nearest the boiler must travel practically as far as 
the water flowing through the radiator farthest from the boiler, as illus- 



8" pipe 


Fig. 14. Two-Pipe Reversed Return System 


trated in Fig. 14. In a direct return system the radiators are connected 
so that all water returns to the boiler dong the most direct path after it 
has passed through its radiator, as illustrated in Fig. 15. 

Example 7. In Fig. 14, sixteen air conditioning units, each demanding 450 Mbh, are 
to be supplied with water from a central plant. The system is divided into two equal 
parts as shown. Each part supplies eight units and has, therefore, eight circuits. The 
total length of each of the eight circuits is about 1170 ft. 


Table 7, Tabulated Data for Example 7 


Circuit 

Load 

Mbh 

Pipe 

Length 

Ft 

Elbows 

No. 

Equivalent 

Length 

Ft 

Size 

In. 

Unit Friction 
Milinches 
PER Ft 

Total 

Friction, 

Milinches 

0-1 

3600 

65 

1.8 

78 

6 

100 

7800 

1-2 

3150 

130 

0 

130 

5 

180 

23,900 

2-3 

2700 

130 

0 

130 

5 

150 

.19,500 

3-4 

2250 

130 

0 

130 

5 

100 

13,000 

4-5 

1800 

130 

2 

142 

4 

210 

29,800 

5-6 

1350 

130 

0 

130 

4 

125 

16,200 

6-7 

900 

130 

0 

130 


113 

14,700 

7-8 

450 

130 

0 

130 

2H 

190 

24,700 

8-16 

450 

Estimated Friction Head 

20,000 

16-17 

3600 

65 

1.8 

78 

6 

100 

7,800 

17-18 

7200 

130 

0 

130 

8 

90 

11,670 







Total 

188,570 
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Solution. If the total //t is to be about 15 ft, the unit fh must be about 150 milinches 
per foot. With this preliminary estimate, pipe sizes may be selected from Fig. 3 and 
recorded with corresponding calculations as shown in Table 7 for Circuit 8, from which it 
appears that the fh of this circuit is 188,570 milinches, or 15.7 ft. 

In order that each of the eight air conditioning units may receive an equal supply of 
water, thefh of each of the remaining circuits must also be 15.7 ft. Since all pipe sizes 
have been selected as shown in Example 6, any adjustments that may be necessary must 
be made in the connections from the main through the air conditioning unit and back 
to the main. For Circuit 8 the friction head through the air conditioning unit was 
assumed to be 20,000 milinches. For Circuit 4, for example, a tabular calculation like 
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Fig. 15. Two-Pipe Direct Return System 


that for Circuit 8 shows that the fk for Section 4-12 must be 19,700 milinches in order 
that the total fh may be 15.7. 

This is practically equal to the 20,000 fh assumed for Circuit 8 and this shows how 
simple it is to secure well-balanced circuits in a reversed return system. 

Example 8. The direct return, forced circulation system shown in Fig. 15 is similar 
to Fig. 14, except that the water passing through Unit 1 returns directly to the boiler 
and the total length of this circuit is about 130 ft, whereas, the total len^h of Circuit 8 
is about 1990 ft, or about 15 times as long. 

Solution. The design must begin with Circuit 8. The calculations for this circuit if 
tabulated as shown for Circuit 8 of Fig. 14 will show that the total /A is 318,200 milinches, 
or 26.5 ft, as compared with 15.7 ft for the reversed return system. 

In order that each of the eight units will receive its correct share of the water, the fh 
of each of the other seven circuits must also be 26.5 ft. For Circuit 1, for example, the 
total fh for Section 0-1 and 16-17 is 15,600 milinches; hence, the fh in Section 1-16 
(through the air conditioning unit) must be 302,600 milinches, or 25.15 ft to prevent 
Unit 1 having an advantage over Unit 8. 

Comparing the reversed return system of Fig. 14 with the direct return system of 
Fig. 15, it appears that the head against which the pump must deliver the 720 gpm is 
15.7 ft as compared with 26.5 ft for the direct return and that the installation of the 
reversed return would require 130 ft of 8 in. pipe not necessary for the direct return 
systeni. Thefh in the lines joining the pump to the pipe system shown in Figs. 14 and 15 
is not included in this calculation. 
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Pipe Material, Types of Pipe Used, Dimensions of Pipe Com-’ 
mercially Available, Expansion and Flexibility of Pipe, Pipe 
Threads and Hangers, Types of Fittings, Welding as Applied 
to Erection of Piping, Valves, Corrosion of Piping 

I MPORTANT considerations in the selection and installation of pipe 
and fittings for heating, ventilating, and air conditioning work are 
dealt with in this chapter. 


PIPE MATERIALS 

Use of corrosion-resistant materials for pipe, including special alloy 
steels and irons, wrought-iron, copper and brass, has increased con- 
siderably during the past few years. The recent development of copper, 
brass, and bronze fittings which can be assembled by soldering or sweating 
permits the use of thin-wall pipe and thereby has reduced the initial cost 
of such installation. The following brief discussion indicates the variety 
of pipe materials and the types of pipe available. 

Wrought-Steel Pipe, Because of its low price, the great bulk of wrought 
pipe used for heating and ventilating work at the present time is of 
wrought steel. The material used for steel pipe is a mild steel made by 
the acid-bessemer, the open-hearth, or the electric-furnace process. 
Ordinary wrought-steel pipe is made either by shaping sheets of metal 
into cylindrical form and welding the edges together, or by forming or 
drawing from a solid billet. The former is known as welded pipe^ the 
latter as seamless pipe. 

Many types of welded pipe are available, although the smaller sizes 
most frequently used in heating and ventilating work are made by the 
lap-weld, resistance-weld, or butt-weld process. While the lap-weld and 
resistance-weld processes produce a better weld than the butt type, 
lap-weld and resistance-weld pipe are seldom manufactured in nominal 
pipe sizes less than 2 in. Seamless pipe can be obtained in the small 
sizes at a somewhat higher cost. 

Seamless steel pipe is frequently used for high pressure work or where 
pipe is desired for close coiling, cold bending, or other forming operation. 
Its advantages are its somewhat greater strength which permits use of a 
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thinner wall and, in the small sizes, its freedom from the occasional 
tendency of welded pipe to split at the weld when bent. 

WroughUlron Pipe. Wrought-iron pipe is claimed to be more corro- 
sion-resisting than ordinary steel pipe and therefore its somewhat higher 
first cost is said to be justified on the basis of longer life expectancy. 
Wrought-iron pipe may be identified by the spiral line marked into each 
length, either knurled into the metal or painted on it in red or other 
bright color. Otherwise, there is little difference in the appearance of 


Table 1 . Dimensions of Schedules 30 and 40 and Standard Weight Pipe^ 


SlZB 

DIA.MBTBR 

In. 

S 

il 

Weight pbb 
Ft, Lb 

Threads per In. 

CmciTM- 

FERENCE, 

In. 

Transverse Area, 

Sq In. 

Length of 
Pipe, Ft 
PER Sq Ft 

Length 
OF Pipe, 
Ft 
CoN- 

TAUHNQ 

ICuFt 

Weight 

OP 

Water, 

Lb 

FEB Ft 

External 

Internal 

Plain Ends 

Threads and 
Couplings 

External 

Internal 

External 

Internal 

Metal 

External Surface 

Internal Surface 

Vr 

0.405 

0.269 

0.068 

0 . 244 : 

O . 245I 

27 

1.272 

0.845! 

0.129 

0.057 

0.072 

9.431 

14.199 

2533.775 

0.025 


0.540 

0.364 

0.088 

0.424 

0.425 

18 

1.696 

1.1441 

0.229 

0.104 

0.125 

7.073 

10.493 

1383.789 

0.045 

Vs 

0.675 

0.493 

0.091 

0.567 

0,568 

18 

2.121 

1.549 

0.358 

0.191 

1 0.167 

5.658 

7.748 

754.360 

0.083 


0.840 

0.622 

0.109 

0.850 

0.852 

14 

2.639 

1.954 i 

0 554 

0.304 

0.250 

4.547 

6.141 

473.906 

0.132 

H 

1.050 

0.824 

0.113 

1.130 

1.134 

14 

3.299 

2.589 

0.866 

0.533 

0.333 

3.637 

4.635 

270.034 

0.231 

1 

1.315 

1.049 

0.133 

1.678 

1.684 

IIH 

4.131 

3.296 

1.358 

0.864 

0.494 

2.904 

3.641 

166 618 

0.375 

IH 

1.660 

1.380 

0.140 

2.272 

2.281 

IIV^ 

6.215 

4 335 

2.164 

1.495 

0.669 

2.301 

2.768 

96 275 

0.65 


1.900 

1.610 

0.145 

2.717 

2.731 

11^ 

5.969 

5.058 

2.835 

2036 

0.799 

2.010 

2 372 

70.733 

0.88 

2 

2 376 

2.067 

0.154 

3.652 

3.678 

IIV^ 

7.461 

6494 

4 430 

3 355 

1.075 

1.608 

1.847 

42.913 

1.45 

2H 

2.875 

2 469 

0.203 

5.793 

5.819 

8 

9.032 

7,757 

6.492 

4.788 

1.704 

1.328 

1.547 

30.077 

2.07 

3 

3.500 

3 068 

0.216 

7.575 

7.616 

8 

10.996 

9,638| 

9.621 

7.393 

2 228 

1.091 

1.245 

19 479 

3.20 

ZH 

4000 

3.548 

0.226 

9.109 

9.202 

8 

12.566 

11 146! 

12,566 

; 9.886 

2.680 

0.954 

1.076 

14 565 

4.29 

4 

4.500 

4 026' 

0.237 

10 790 

10 889 

8 

14137 

12.648 

15.904 

12.730 

3174 

0.848 

0.948 

11.312 

5 50 

5 

6.563 

6.047 

0.258 

14 617 

14 810 

8 

17.477 

15.8561 

24.306 

20.006 

4.300 

0.686 

0.756 

7.198 

8 67 

6 

6.625 

6.065 

0.280 

18.974 

19.185 

8 

20,813 

19.054| 

34.472 

28.891 

5.581 

0.576 

0.629 

4.984 

12.51 

8c 

8.625 

8.071 

0.277 

24.696 

26.000 

8 

27.096 

25.356 

58.426 

51.161 

7 265 

0.443 

0.473 

2.815 

22.18 

8 

8.625 

7.981 

0.322 

28.554 

28.809 

8 

27.096 

25 073 

58,426 

50.027 

8.399 

0.443 

0.478 

2.878 

21.70 

IOC 

10.750 

10.136 

0.307 

34.240 

35 000 

8 

33.772 

31.843 

90.763 

80.691 

10 072 

0.355 

0.376 

1.785 

34.95 

10 

10.750 

10.020 

0.365 

40.483 

41.132 

8 

33.772 

31.479 

90.763 

78.865 

11.908 

0.355 

0.381 

1.826 

34.20 

12 C 

12.760 

12.090 

0.330 

43.773 

45.000 

8 

40.055 

37.982 

127.676 

114.800 

12.876 

0.299 

0.315 

1.254 

49.70 

12 

12.750 

12.000 

0.375 

49.562 

50.706 

8 

40.055 

37.699 

127.676 

113.097 

14.579 

0.299 

0.318 

1.273 

49.00 


aStandard-weight wrought-iron pipe has approximately the same wall thicknesses and weights as 
contained herein for steel pipe. For exact dimensions, see American Standard for Wrought-iron and WroughU 
Sted Pipe, B36.10. 

^Thicknesses shown in bold face type are identical with thicknesses for Schedule 40 pipe of A.S.A. 
B36.10. 

eSame as Schedule 30, A.S.A. B36.10. 

wrought iron and steel pipe, although microscopic examination of polished 
and etched specimens will readily disclose the difference. 

Cast-Ferrous Pipe, There are now available several types of cast- 
ferrous metal pipe made of a good grade of cast-iron with or without 
additions of nickel, chromium, or other alloy. This pipe is available in 
sizes from 1 in. to 6 in., and in standard lengths of 5 or 6 ft with external 
and internal diameters closely approximating those of extra strong 
wrought pipe. Cast-ferrous pipe may be obtained coupled, beveled for 
welding, or with ends plain or grooved for the several types of couplings. 
It is easily cut and threaded as well as welded. The fact that it is readily 
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welded enables the manufacturers to supply the pipe in any lengths 
practicable for handling. 

Alloy Metal Pipe. Steel pipe bearing a small alloy of copper or other 
alloying element and iron pipe bearing a small alloy of copper and molyb- 
denum have been claimed to possess more resistance to corrosion than plain 
steel pipe and they are advertised and sold under various trade names. 

Copper Pipe and Fittings. Owing to its inherent resistance to cor- 
rosion, copper and brass pipe have always been used in heating, venti- 
lating, and water supply installations, but the cost with standard dimen- 
sions for threaded connections has been high. The recent introduction 
of fittings which permit erection by soldering or sweating allows the use 
of pipe with thinner walls than are possible with threaded connections, 
thereby reducing the cost of installations. 

The initial cost of brass and copper pipe installations generally runs 
higher than the corresponding job with steel pipe and screwed connections 
in spite of the use of thin wall pipe, but the corrosive nature of the fluid 
conveyed or the inaccessibility of some of the piping may warrant use of 
a more expensive material than plain steel. The advantages of corrosion- 
resisting pipe and fittings should be weighed against the correspondingly 
higher initial cost. 


COMMERCIAL PIPE DIMENSIONS 

The two weights of steel and wrought-iron pipe commonly used are 
known as standard weight and extra strongs which correspond to Schedules 
40 and 80 respectively of the American Standard for Wr ought-iron and 
Wrought-Steel Pipe, A.S.A. B36.10. The same external diameter is used 
for both weights of each nominal size for manufacturing reasons as^ well 
as to afford interchangeability in threading, and other elements associated 
with fabrication and erection. Hence the difference in wall thickness is 
accompanied by a corresponding change in inside diameter. In sizes up 
to 14 in., pipe is designated by its nominal size which corresponds roughly 
to the inside diameter of Schedule 40 pipe. In sizes 14 in. and upward, 
pipe is designated by its outside diameter (O, D.), and the wall thickness 
is specified. 

While the demands for pipe for the heating and vptilating industry are 
reasonably well served by Schedule 40 (standard weight) pipe, the erection 
of pipe by welding sometimes warrants using lighter wall thickn^ses. 
The considerations governing pipe wall thickness and its relation to joint 
design are covered in the American Standard Code for Pressure Piping, 
A.S.A. B31. 1-1942, see Section 122. Standard schedules of pipe thick- 
nesses are contained in the American Standard for Wrought-Iron and 
Wrought-Steel Pipe, A.S.A. B36.10, which includes standard-weight and 
extra-strong thicknesses in Schedules 40 and 80, respectively, and eight 
other schedules of varying wall thickness to provide for different service 
conditions. Dimensions and other useful data for Schedules 30 and 40 
pipe are given in Table 1. Table 2 from .4.5. T.M. Specifications A53 and 
A120 combines the schedule thicknesses of .4.5.41. B36.10 and the old 
series designations. 

Standard-weight pipe is generally furnished with threaded ends in 
random lengths of 16 to 22 ft, although when ordered with plain ends, 
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5 per cent may be in lengths of 12 to 16 ft. Five per cent of the total 
number of lengths ordered may be jointers which are two pieces coupled 
together. Extra-strong pipe is generally furnished with plain ends in 
random lengths of 12 to 22 ft, although 5 per cent may be in lengths of 

6 to 12 ft. 

In addition to IPS copper pipe, several varieties of copper tubing are in 
use with either flared or compression couplings or soldered joints, Dimen- 


Table 2. Standard Weights and Dimensions of Welded and Seamless Steel Pipe^ 


Size 

Outside 
D tA.ME- 
TEE, In. 

No. OP 
Thbeads 
PEE In. 

Standard-Weight Pipe 

Extra-Steong Pipe 

Double Extra- 
Steong PiPEb 

Schedule 30 

Schedule 40 

Schedule 60 

Schedule 80 

Wall 

Thick- 

ness, 

In. 

Wei^t 
per Ft, 
Lb 
Plain 
Endq 

WaU 

Thick- 

ness, 

In. 

Weight 
per Ft, 
Lb 

T&O 

Wall 

Thick- 

ness, 

In. 

Weight 
per Ft, 
Lb 

T&C 

Wall 

Thick- 

ness, 

In. 

Wei^t 
per Ft, 
Lb 
Plain 
£hds 

Wall 

Thick- 

ness, 

In. 

Wri^t 
per Ft, 
Lb 
Plain 
Ends 


0.405 

27 



0.068 





0.31 




0.540 

18 




0.43 



0.119 





0.675 

18 



0.091 




0.126 

0.74 




0.840 

14 



0.109 

0.85 




0.147 

1.09 


1.71 

Vi, 

1.050 

14 



0.113 

1.13 



0.154 

1.47 

0.308 

2.44 

1 

mmiim 

IIH 



0.133 

1.68 

- 


0.179 

2.17 

0.358 

3.66 


1.660 

11^ 



0.140 

2.28 



0.191 


0.382 

5.21 


1.900 

llH 



0.145 

2.73 




363 


6.41 

2 


llH 



0.154 

3.68 



0.218 


0.436 

■09 

m 

2.875 

8 


. 

0.203 

5.82 



0J276 

7.66 

0.552 


3 

3.500 

8 


. 

0.216 

7.62 

. . .. 



10.25 


18.58 


4 000 

8 



0.226 

9.20 



0.318 

12.51 

0.636 

22.85 

4 


8 




0.237 

10.89 



0.337 

14.98 

0.674 

27.64 

5 i 

5.563 

8 



0.258 

14 81 



0.375 


0.750 

38.55 

6 1 

6,625 

8 



0.280 

19.19 





0432 

28.57 

0.864 

53.16 

8 

8.625 

8 



0.322 

28.81 




43.39 

0.875 

72.42 


10.750 

8 



0.365 

41.13 


64.74 






12d 


8 



0.375 



65.41 






From Standard Specifications for Welded and Seamless Steel Pipe of the American Society for Testing 
Materials, A.S.T,M. Designation A120. 

«Size8 larger than those shown in the table are measured by their outside diameter, such as 14 in. out- 
side diameter, etc. These larger sizes will be furnished with plain ends, unless otherwise specified. The 
weights will correspond to the manufacturers' published standards although it is possible to calculate the 
theoretical weights for any given size and wall thickness on the basis of 1 cu in. of steel weighmg 0.2833 lb. 

bThe American Standard for Wrought-lron and Wrought-Steel Pipe A.5.A. B36.10-1939 has assigned no 
schedule number to Double Exira~Strong pipe. 

oA 10 in. Standard Weight pipe is also available with 0 279 in. wall thickness, but this wall is not covered 
by a Schedule Number. 

dOwang to a departure from the Standard-Weight and Extra-Strong wall thicknesses for the 12 in. nominal 
size. Schedules 40 and 60, Table 2 of the A.S A B36 10-1939, Standard for Wrought-lron and Wrought- 
Steel Pipe, the regular Standard and Extra-Strong wall thicknesses (0.375 in. and 0.500 in.) have been 
substituted. 

sions of copper water tubing intended for plumbing, underground water 
service, fuel-oil lines, gas lines, etc,, have been standardized by the U. S. 
Government and the American Society for Testing Materials, There are 
three standard wall-thickness schedules of copper water tubing classified 
in accordance with their principal uses as follows: 

T3^e K — Designed for underground services and general plumbing service 

Type L — Designed for general plumbing purposes. 

Type M — Designed for use with soldered fittings only 

In general, Type K is used where corrosion conditions are severe, and 
Types L and M where such conditions may be considered normal as, for 
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instance, in heating work. Types K and L are available in both hard and 
soft tempers; Type M is available only in hard temper. Where flexibility 
is essential as in hidden replacement work or where as few joints as possible 
are desired as in fuel-oil lines, the soft temper is commonly used. New or 

Table 3. Standard Dimensions and Weights, and Tolerances in Diameter and 
Wall Thickness for Copper Water Tubes^ 


{All tolerances hi this table are plus and minus except as otherwise indicated) 


Stamdabd 
Watsjb 
Tubs 
Sizes, In. 

Actual 

OuTsmi) 

DiAiUTEsa 

In. 

Avbeagb Out- 
sides Diamesteb 

Wall Thicknssss, In. 

Thesoeestical 

Wesight, 

Lb pesbFt 

Tolesbances, In. 

Types K 

Type L 

Types M 

W 

o 

$ 

TypeL 

1 

•2 

1 

Drawn 

Temper 

Nominal 

Tolerance 

Nominal 

I 

1 

Nominal 

Tolerance 


0.250 

0.002 

0.001 

0.032 

0.003 

0.025 

0.0025 

0.025 

0.0025 

0.085 

0.068 

0.068 



0.002 

0.001 

0.032 

0 004 

0.030 

0.0035 

0.025 

0.0025 

0.134 

0.126 

0.107 


0500 

0.0025 

0.001 

0.049 

0004 

0.035 

0.0035 

0.025 

0.0025 

0.269 

0198 

0.145 



0.0025 

0.001 

0.049 

0 004 

0.040 

0.0035 

0.028 

0.0025 

0.344 

0.285 

0.204 

H 


0.0025 

0.001 

0.049 

0.004 

0.042 

0.0035 

0.030 

0.0025 

0.418 

0.362 

0.263 


0.875 

0.003 

0.001 

0.065 

0.0045 

0.045 

0.004 

0.032 

0.003 

0.641 

0.455 

0 328 

1 

1.125 

0.0035 

0.0015 

0.065 

0.0045 

0.050 

0.004 

0.035 

0.0035 

0.839 

0.655 

0.465 


1.375 

0.004 

0.0015 

0.065 

0.0045 

0.055 

0.0045 

0.042 

0.0035 

1.04 

0.884 

0 682 

IH 

1.625 

0.0045 

0.002 

0 072 

0.005 

0.060 

0.0045 

0.049 

0.004 

1.36 

1.14 

0.940 

2 

2.125 

0.005 

0.002 

0.083 

0.007 

0.070 

0.006 

0.058 

0.006 

2.06 

1.75 

146 

2H 

2.625 

0.005 

0 002 

0.095 

0.007 

0.080 

0.006 

0.065 

0.006 

2.93 

2.48 

203 

3 

3.125 

0.005 

0.002 

0.109 

0.007 

0.090 

0.007 

0.072 

0.006 

4.00 

3.33 

2.68 

ZH 

3.625 

0.005 

0.002 

0.120 

0.008 

0.100 

0.007 

0.083 

0.007 

5.12 

4.29 

3.58 

4 

4.125 

0.005 

0.002 

0.134 

0.010 

0.110 

0.009 

0.095 

0 009 

6.51 

5.38 

4.66 

5 

5.125 

0.005 

0.002 

0.160 

0.010 

0.125 

0.010 

0.109 

0.009 

9.67 

7.61 

6.66 

6 

6.125 

0.005 

0.002 

0.192 

0.012 

0.140 

0.010 

0.122 

0.010 

13.9 

lOJJ 

8.92 




4-0.002 










8 

8.125 

0.006 




■iMtriM 

0.014 

0.170 

0.014 

25.9 

19.3 

16.5 














10 


0.008 

-0.006 




0016 

0.212 

0.015 

40.3 

30.1 

25.6 




4-0.002 










12 

12.125 

0.008 

-0.006 

0.405 



0.018 

0.254 

0.016 

57.8 

40.4 

36.7 


^From Standard Specifications for Copper Water Tube of the American Society for Testing MatertaJs, 
A.S.T.M, Designation B88-41. 

Note 1: — For copper gas and oil burner tubes, the tolerances shown above for various wall thicknesses 
(t 3 Tpe K) apply irrespective of diameter. 

Note 2: — For tubes other than round no standard tolerances are established. These tolerances do not 
apply to condenser and heat exchanger tubes. 


exposed work generally employs copper pipe of a hard temper. All three 
classes are extensively used with soldered fittings. 

Standard dimensions, weights, and diameter and wall-thickness 
tolerances for these classes of copper tubing are given in Table 3. Copper 
pipe is also available with dimensions of steel pipe. 

Refrigeration lines used in connection with air conditioning equipment 
also employ copper tubing extensively. For refrigeration use where 
tubing absolutely free from scale and dirt is required, bright annealed 
copper tubing that has been deoxidized is used. This tubing is available 
in a variety of sizes and wall thicknesses. 
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EXPANSION AND FLEXIBILITY 

The increase in temperature of a pipe from room temperature to an 
operating steam or water temperature 100 F or more above room tem- 
perature results in an increase in length of the pipe for which provision 
must be made. The amount of linear expansion (or contraction in the 
case of refrigeration lines) per unit length of material per degree change in 
temperature is termed the coefficient of linear expansion of that material, 
or commonly, the coefficient of expansion. This coefficient varies with 
the material. 

The linear expansion of cast-iron, steel, wrought-iron, and copper pipe, 
the materials most frequently used in heating and ventilating work, can 
be determined from Table 4. 

The three methods by which the elongation due to thermal expansion 
may be taken care of are: 

1. Expansion joints. 

2. Swivel joints. 

3. Inherent flmbility of the pipe itself utilized through pipe bends, right-angle turns, 
or offsets in the line. 

Expansion joints of the slip-sleeve, diaphragm, or corrugated types 
made of copper, rubber, or other gasket material are all used for taking 
up expansion, but generally only for low pressures or where the inherent 
flexibility of Ae pipe cannot readily be used as in underground steam or 
hot water distribution lines. 

Swivel joints are used to some extent in low-pressure steam and hot- 
water heating systems, and in hot-water supply lines. Since swivel joints 


Table 4. Thermal Expansion of Pipe in Inches per 100 ft® 


{ For superheated steam and other fluids refer to temperature column) 


SA.TnRA.TUD STUA.M 

Elongation in Inches pee 

100 pt proji — 20 F up 

Saturated 

Steau 

Elongation in Inches per 

100 PT FROM— 20 FUP 

VaCUUDl 
Inches 
of Hg 

Pressure 

Pounds 

per 

Square 

Inch 

Gage 

Tem- 

perature 

Degrees 

Fahren- 

heit 

Cast- 

Iron 

Pipe 

Steel 

Pipe 

Wrought- 

iron 

Pipe 

Copper 

Pipe 

Pressure 

Pounds 

per 

Square 

Inch 

Gage 

Tem- 

perature 

Degrees 

Fa&ren- 

heit 

Cast- 

Iron 

Ihpe 

1 

i 

Steel 

Pipe 

Wrought- 

iron 

Pipe 

Copper 

Pipe 



-20 

0 

0 

0 

0 

2.5 

220 

1.634 

1.852 

1.936 

2.720 



0 

0,127 

0,145 

0.152 

0.204 

10.3 

240 

1.780 

2.020 

2.110 

2.960 



20 

0.255 

0.293 

0.306 

0.442 

20.7 

260 

1.931 

2.183 

2.279 

3.189 



40 

0.390 

0,430 

0.465 

0.655 

34.5 

280 

2.085 

2.350 

2.465 

3.422 

29.39 


60 

0.518 

0.593 

0.620 1 

0.888 

52.3 

300 

2.233 

2.519 

2.630 

3.665 

28.89 


80 

0.649 

0.725 

0.780 

1.100 

74.9 

320 

2.395 

2.690 

2.800 

3.900 

27.99 

i 

100 

0.787 

0.898 

0.939 i 

1.338 

103.3 

340 

2.543 

2.862 

2.988 

4.145 

26.48 1 


120 

0.926 

1.055 

1.110 

1.570 

138.3 

360 

2.700 

3,029 

3.175 

4.380 

24.04 ' 

— - - 

140 

1.051 

1.209 

1.265 

1.794 

180.9 

380 

2.859 

3.211 

3.350 

4.628 

20.27 


160 

1.200 

1.368 

1.427 

2.008 

232.4 

400 

3.008 

3.375 

3.521 

4.870 

14.63 


180 

1.345 

1.528 

1.597 

2.255 

293.7 

420 

3.182 

3.566 

3.720 

5.118 

6.45 

— 

200 

1.495 

1.691 

1.778 

2.500 

366.1 

440 

3.345 

3.740 

3.900 

5.358 


»From piping Handbook, by Walker and Crocker. This table gives the expansion from —20 F to the 
temperature in question. To obtain the amount of expansion between any two temperatures take the 
difference between the figures in the table for those temperatures. For example, if a steel pipe is installed 
at a temperature of 60 F and is to operate at 300 F. the expansion would be 2.519 — 0 593 >■ 1.926 in. 
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permit the expansive movement of the pipe by turning of threaded joints, 
which may ultimately result in a leak, it is preferable to provide sufficient 
flexibility without resorting to swiveling in the threads. 

Probably the most economical method of providing for expansion of 
piping in a long run is to take advantage of the directional changes which 
must necessarily occur in the piping and proportion the offsets so that 
sufficient flexibility is secured. Ninety-degree bends with long, straight 
tangents in either a horizontal or a vertical plane are an excellent means 
for securing adequate flexibility with larger sizes of pipe. When flexi- 
bility cannot be obtained in this manner, it is necessary to make use of 
some type of expansion bend. The exact calculation of the size of ex- 
pansion bends required to take up a given amount of thermal expansion 
is relatively complicated^ The following approximate method, however, 




Offset U bend 


Fig. 1. Measurement of L on Various Pipe Bends 

has been found to give reasonably good results and is deemed to be 
sufficiently accurate for most heating work. 

Fig. 1 shows several types of expansion bends commonly used for 
taking up tihermal expansion. The amount of pipe, L, required in each of 
these bends may be computed from Equation 1. 

L = 6.16 (1) 

where 

L = length of pipe, feet. 

D = outside diameter of the pipe used, inches. 

A = the amount of expansion to be taken up, inches. 

This formula, based on the use of mild-steel pipe with wall thicknesses 
not heavier than extra-strong, assumes a maximum safe value of fiber 
stress of 16,000 lb per square inch. When square type bends are used, the 
width of the bend should not exceed about twice the height, since for a 
given total length of pipe in the bend, the height of the bend becomes 
progressively less with increase in width until the height approaches zero 
and no flexibility exists. Actually, wide bends utilize to best advantage the 
inherent flexibility of the line, but such bends cannot be proportioned on 
the basis of Equation 1. For such applications, moi;e accurate methods^ 
should be employed. It is further assumed that the corners are made with 


iSee (1) Piping Handbook, by Walker and Crocker (McGraw-Hill Co,); (2) A Manual for The Design 
of Piping for Flexibility by the Use of Graphs, by E. A. Wert, S. Smith, E. T. Cope, published by The 
Detroit Ediwn Company. 

2Loc Cit, Note 1. 


329 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


screwed or flanged elbows or with arcs of circles having radii five to six 
times the pipe diameter. Use of welding elbows with radii of times 
the pipe diameter will decrease the end thrusts somewhat but will raise 
the fiber stress correspondingly. 

All risers must be anchored and safeguarded so that the difference in 
length when hot from the length when cold shall not disarrange the 
normal and orderly provisions for drainage of the branches. 

Proper anchoring of piping is especially necessary with light-weight 
radiators, to allow for freedom of expansion in order that no pipe strain 
will distort the radiators. When expansion strains from the pipes are 
permitted to reach these light metal heaters they usually emit sounds 
of distress which are exceedingly troublesome. 

HANGERS AND SUPPORTS 

Heating system piping requires careful and substantial support. Where 
changes in temperature of the line are not large, such simple methods of 
support may be utilized as hanging the line by means of rods or perforated 
strip from the building structure, or supporting it by brackets or on piers. 

When fluids are conveyed at temperatures of 150 F or above, however, 
hangers or supporting equipment must be fabricated and assembled to 
permit free expansion or contraction of the piping. This can be accom- 
plished by the use of long rod hangers, spring hangers, chains, hangers or 
supports fitted with rollers, machined blocks, elliptical or circular rings of 
larger diameter than the pipe giving contact only at the bottom, or trolley 
hangers. In all cases, allowance should be made for rod clearance to 
permit swinging without setting up severe bending action in the rods. 

For pipes of small size, perforated metal strip is often used. For 
horizontal mains, the rod or strip usually is attached to the joists or steel 
work of the floor above. For long runs of vertical pipe subject to con- 
siderable thermal expansion, either the hangers should be designed to 
prevent excessive load on the bottom support when expansion takes 
place, or the bottom support should be designed to withstand the entire 
load. 


THREADING PRACTICE 

In all threaded pipe for heating and ventilating installations the 
American Standard taper pipe thread, A.SA. B2.1-1942 is used. This 
thread is cut with a taper of 1 in 16 measured on the diameter of the pipe 
so as to secure a tight joint. The number of threads per inch varies with 
the pipe size. Threads for fittings are the same, except that it is regular 
practice to furnish straight tapped couplings for Schedule 40 pipe 2 in. 
and smaller. For steam pressures in excess of 25 lb per square inch, it is 
recommended that taper tapped couplings be used to obtain a tight joint. 
These may be secured by ordering line pipe® which is used for oil piping, 
the couplings of which are provided with taper-tapped threads and may 
be used with regular mill-threaded standard weight pipe. Thread lengths 
should be in accordance with A,S,A. B2.1. Right-hand threads are used 
unless otherwise ordered. To facilitate drainage, some elbows have the 


*See API Specification SLfor Line Pipe, American Peirdlewn Instituie, 
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thread tapped at an angle to provide a pitch of the connecting pipe of 34 
in, to the foot. These elbows are known to the trade as pitch elbows 
and are commercially available. All threaded pipe joints should be made 
up with a thread paste suitable for the service for which the pipe is to 
be used. 


TYPES OF FITTINGS 

Fittings for joining the separate lengths of pipe together are made in a 
variety of forms, and are either screwed or flanged, the former being 
generally used for the smaller sizes of pipe up to and including 334 in., 
and the latter for the larger sizes, 4 in. and above. Screwed fittings of 
large size as well as flanged fittings of small size are also made and are 
used for certain classes of work at the proper pressure. 

The material used for fittings is generally cast-iron, but in addition to 
this, malleable-iron, steel and steel alloys are also used, as well as various 
grades of brass or bronze. The material to be used depends on the 
character of the service and the pressure. Malleable iron fittings, like 
brass fittings, are cast with a round instead of a flat band or bead, or with 
no bead at all. Fittings are designated as male or female, depending on 
whether the threads are on the outside or inside, respectively. Screwed 
galvanized fittings are made according to the 150 lb American Standard. 

As in the case of pipe, several weights of fittings are manufactured. 
Recognized American Standards for the various weights are as follows: 

Cast-iron pipe flanges and flanged fittings for 25 lb (sizes 4 in. and larger), 125 lb, and 
250 lb maximum saturated steam pressure, ^.5.-4. B16b2, B16a, and B16b respectively. 

Malleable iron screwed fittings for 150 lb maximum saturated steam pressure, 4.5.4. 
B16c. 

Cast-iron screwed fittings for 125 and 250 lb maximum saturated steam pressure, 
4.5.4. B16d, 

Steel flanged fittings for] 150 and 300 lb maximum steam service pressure, 4.5.4. 
B16e. 

The allowable cold water working pressures for these standards vary from 43 lb for 
the 25 lb standard to 500 lb for the 300 lb steel standard. 

War standard ratings in effect for the duration of the emergency now 
permit higher ratings for certsdn sizes of the 125 lb cast-iron flanged 
fitting standard, and for 300 lb steel flanges and flanged fittings than are 
shown in the regular American Standards mentioned previously. 

Screwed fittings include: nipples or short pieces of pipe of varying 
lengths; couplings of steel or wrought-iron; elbows for turning angles 
of either 45 deg or 90 deg; return bends, whi(± may be of either the close 
or open pattern, and may be cast with either a back or side outlet; tees; 
crosses; laterals or F branches; and a variety of plugs, bushings, caps, 
lock-nuts, flanges and reducing fittings. Reducing fittings as well as 
bushings, both of which are used in changing from one pipe size to another, 
may have the smaller connection tapped eccentrically to permit free drain- 
age of the water of condensation in steam lines or free escape of air in 
water lines. 

Fittings for copper tubing are available in the soldered, flared, or com- 
pression types. Illustrations of each of these types are shown in Fig. 2. 
Fittings for copper pipe of IPS dimensions are available in screwed or 
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soldered types of connection. Table 5 from A.S.A. Standard A40.3-1941 
contain dimensions for. soldered joint elbows, tees, crosses, and 45 deg 
elbows. 

The compression type fitting is generally limited to smaller size tubing 
while the flared and soldered types are used in both large and small sizes. 
An American Standard, A.S.A, A40.2-1936 has been prepared to stand- 
ardize dimensions for brass fittings for flared copper water tubes. Flared 
tube fittings are widely used in refrigerating work where 5.^4 . jE. dimen- 
sions and a 45-deg flare render most fittings interchangeable, although 
for refrigeration use, thread fits and tolerances on thread gages must be 



SOLDER-TYP£ FITTING 



REFRIGERATOR TYPE FLARED-TUBING FITTINGS SAE COMPRESSION TUBING FITTINGS 



FLARED-TUBING FITTINGS 


Fig. 2. Copper or Brass Tubing Fittings 


maintained within close limits. Brass fittings with S.A.E. dimensions are 
not interchangeable with the American Standard fittings for water tubes. 

Ammonia pipe fittings made of cast-iron were formerly used extensively 
in handling refrigerants in large installations. Replacement of ammonia 
by other refrigerants operating at lower pressures has seriously curtailed 
the market for these fittings. For this reason formulation of an American 
Standard for these fittings was abandoned by the A.S.A, in 1936. 

FLANGE FACINGS AND GASKETS 

A number of different flange facings in common use are plain face, 
raised face, tongue and groove, and male and female. Cast-iron fittings 
for 126 lb pressure and below are normally furnished with a plain face, 
while the 250 lb cast-iron fittings are supplied with a raised face. 

The standard facing for steel flanged fittings for 150 and 300 lb is a 
J^e-in. raised face although these fittings are obtainable with a variety of 
facings. The gasket surface of the raised face may be finished smooth 
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Table 5. American Standard Dimensions of Elbows, Tees, Crosses, and 45 Deg 
Elbows, Soldered- Joint Fittings, A.S,A, A40.3-1941 





T 

J 



Nominal 

SiZK* 

1 C\ST Brass>» 

1 

Wrought 

Mrtal 

Bore 

OP 

Fittings 

Laying 
Length, 
Tee, Ell, 
and Cro88t> 

Laying 
Length, ' 
EU With 
External 
Shoulder 

Laying 
Length, 
45 Deg 
EU 

Laying 

Length, 

45DegEU 

External 

Shoulder 

Inside 

Diameter 

of 

Fittings.o 

Mm. 

Metal 

Thickness^ 

Metal 

Thickness® 

Min.^ 



I 

■1 


0 

T 

. 

R 


E, Min. 

H 

M 

H 

% 

K 

0.31 

0.08 

0.048 

0.030 

0.378 

H 

% 


% 

516 

0.43 

0.08 

0.048 

0.035 

0.503 

Yl 

% 

% 


5l6 

0.54 

0.09 

0.054 

0.040 

0.628 


% 

% 

H 

Vs 

0.78 

0.10 

0.060 

0.045 

0.878 

1 


Vb 

% 

% 

1.02 

0.11 

0.066 

0.050 

1.1285 

IH 

Vs 

1 

% 

% 

1.26 

0.12 

0.072 

0.055 

1.3785 

iy2 

1 

IVs 


Vs 

1.50 

0.13 

0.078 

0.060 

1.629 

2 

Ih 

IVe 

% 


1.98 

0.15 

0.090 

0.070 

2.129 



m 

Vs 

Vs 

2.46 

0.17 

0.102 

0.080 

2.629 

3 

m 

iVs 

H 

1 

2.94 

0.19 

0.114 

0.090 

3.129 

sy 

2 

2ys 

Vs 

IVs 

3.42 

0.20 

0.120 

0.100 

3.629 

4 

2K 

2 ^ 



3.90 

0.22 

0.132 

0.110 

4.129 

5 

3H 


1^6 


4.87 

0.28 

0.168 

0.125 

5.129 

6 

3^ 

— 



5.84 

[ 0.34 

0.204 

0.140 

6.129 




All dimensions given in inches. 

®This size is the nominal bore of the tube. 

hThese dimensions may be used for wrought-metal fittings as well as for cast-brass fittings at manu- 
facturer’s option. 

oThis dimension is the same as the inside diameter Class L tubing (American Standard Specifications for 
Copper Water Tube. A.S.A. H23.1-1939 (A.S.T.M. B88). 

dPattems shall be designed to produce body thicknesses given in the table. Metal thickness at no point 
shall be less than 90 per cent of the thicknesses given m the table. 

eThis dimension has the same thickness as Type L tubing. 

fThese dimensions are minimum, but in every case the thickness of wrought fittings should be at least 
as heavy as the tubing with which it is to be used. 

Note 1; — Wrought fittings, as well as cast fittings, must be provided with a shoulder or stop at the 
bottom end of socket. 

Note 2: — Street fittings with male ends are for use in connection with other fittings illustrated. 


or may be machined with concentric or spiral grooves often referred to as 
serrated face or phonograph finish, respectively. 

The dimensions of elbows, tees and crosses for 125 lb cast-iron screwed 
fittings are given in Table 6, whereas the dimensions for 125 lb cast-iron 
flanged fittings are given in Table 7. 

For low temperature service not to exceed about 220 F, a number of 
paper or vegetable fiber gasket materials will prove satisfactory; for plain 
raised face flanges, rubber or rubber inserted gaskets are comnionly 
employed. Asbestos composition gaskets are probably the most widely 
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Table 6. American Standard Dimensions of Elbows, 45-Deg Elbows, 
Tees, and Crosses (Straight Sizes) for Class 125 Cast- 
Iron Screwed Fittings, A . SA . B16a-1939 




45 deg elbow 


NoMINAIi 

PiPB 

Sizs 

A 

C 

B 

E 

F 

Q 

H 

CXNTBB 

TO End, 
Elbows, 
This and 
Cbobsbs 

CXNTEB 

TO End, 

45 Duo 
Elbows 

Lbngth 

OP Tebxad, 
Mm. 

Width 

OP Band, 
Mm. 

Insidb Diaubtbb 

OP Firrmo 

Mbtal 

Thicenbss,^ 

Mm. 

OuTsmx 
Diahbtiib 
OF Band, 
Mm. 

Min. 

Max. 


0.81 

0.73 

0,32 

0.38 

0.540 

0.584 

0.110 

0.93 

% 

0.95 

0.80 

0.36 

0.44 

0.675 

0.719 

0.120 

1.12 


1.12 

0.88 

0.43 


0.840 

0.897 

0.130 

1.34 

H 

1.31 

0.98 

0.50 

0.66 

1.050 

1.107 

0.155 

1.63 

1 

1.60 

1.12 

0.68 

0.62 

1.315 

1.385 

0.170 

1.95 

IH 

1.75 

1.29 

0.67 

0.69 

1.660 

1.730 

0.185 1 

2.39 

lyi 

1.94 

1.43 

0.70 

0.75 

1.900 

1.970 

0.200 1 

2.68 

2 

2.25 

1.68 

0.75 

0.84 

2.375 

2.446 

0.220 1 

3.28 


2.70 

1.95 

0.92 

0.94 

2.875 

2.975 

0.240 ! 

3.86 

3 

3.08 

2.17 

0.98 

1.00 

3.600 

3.600 

0.260 

4.62 

m 

3.42 

2.39 

1.03 

1.06 

4.000 

4.100 

0.280 

5.20 

4 

3.79 

2.61 

1.08 

1.12 

4.600 

4.600 

0.310 

• 6.79 

5 

4.50 

3.05 

1.18 

1.18 

6.663 

5.663 

0.380 

7.05 

6 

6,13 

3.46 

1.28 

1.28 

6.625 

6.725 

0.430 

8.28 

8 

6.66 

4.28 

1.47 

1.47 

8.625 

8.725 

0.550 

10.63 

10 

8.08^ 

5.16 

1.68 

1,68 

10.750 

10.850 

0.690 

13.12 

12 

9.50l> 

6.97 

1.88 

1.88 

12.750 

12.850 

0.800 

15.47 


All dimenfflOBs siren in inches. 

aPatterns shall be designed to produce castings of metal thickness given in the table. Metal thickness 
at no point shall be less than 90 per cent of the thickness given in the table. 

hApplies to elbows and tees only. 


used, particularly where the temperature exceeds 250 F. Jacketed 
asbestos and metallic gaskets may be used for any pressure and tem- 
perature conditions, but preferably only with a relatively narrow recessed 
facing. 


WELDING 

Erection of piping in heating and ventilating installations by means of 
fusion welding has been commonly accepted in the past few years as an 
alternate method to the screwed and flanged joint. Since the question 
of economy of welding as against the use of screwed and flanged fittings 
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TableJT. American Standard Dimensions of Tees, Crosses^ 
(Straight Sizes), and Elbows for Class 125 Cast-Iron 
Flanged Fittings, A.S,A, B16a-1939 



Nominal 

PiPB SiZEb-o 

A 

AA 

B 

C 

Diambtbb 

or 

Flange 

Thickness 
or Flanob, 
Mm. 

METAIib 

Thickness 
or Bodt 

CxNTBB TO 
Face Tees, 
Cbossbso-^ 
AND Elbows 

Face to 
Face Tees 

AND 

Crossbs®-^ 

Cbntbeto 
Face Long 
Radius 
Elbow«**»* 

Cbntebto 
Face 45 Dsa 
Elbows 

1 

3J4 

7 

5 

IH 

m 

% 


IK 

3H 



2 


H 


m 

4 

8 

6 

. 2M 

5 

Ks 

1 

2 

4H 

9 

6H 

m 

6 




' 5 

10 

7 

3 

7 

% 


3 


11 

7H 

3 

7H 


H 

SH 

6 

12 

8H 

3J^ 

8K 

% 

Ke 

4 

6K 

13 

9 

4 

9 



5 


15 

lOH 

4H 

10 

% 

H 

e 

8 

16 

iiH 

5 

11 

1 

Hi 

8 

9 

18 

14 

5H 

13H 

IVb 


10 

11 

22 



16 

m 

K 

12 

12 

24 

19 

7J^ 

19 


% 

14 0.D. 

14 

28 

21H 

7y2 

21 

IVb 

Vb 

16 0.D. 

15 

30 

24 

8 



1 

18 O.D. 

1 

33 

26H 

SH 

25 

m 

iHfi 

20 O.D. 

18 

36 

29 

m 

27)4 


ly 

24 O.D. 

22 

44 

34 

11 

32 

m 

IK 

30 O.D. 

25 

50 

41H 

15 

38 

Wb 


36 O.D. 

28 

56 

49 

18 

46 



42 O.D. 

31 

62 


21 

53 



48 O.D. 

34 

68 

64 

24 

59H 

2M 

2 


All dimensions given in inches. 

•Crosses both straight and reducing sizes 18 in. and larger shall be reinforced to compensate for the 
inherent weakness In the casting design. 

bSize of all fittings listed indicates nominal inside diameter of port. 

®Teea, side outlet tees, and crosses, 16 in. and smaller, reducing on the outlet, have the same dimensions 
center to face, and face to face as straight size fittings corresponding to the^ size of the larger open™. 
Sizes 18 in. and larger, reducing on the outlet, are made in two lengths, depending on the size of the outlet. 

^Tees and crosses, reducing on run only, carry same dimensions center to face and face to face as a 
straight size fitting of the larger opening. 

•Reducing dbows and side outlet elbows carry same dimensions center to face as straight size dbows 
corresponding to the size of the larger opening. 

^Special degree elbows, ranging from 1 to 45 deg, inclusive, have the same center to face dimensions 
as given for 45-deg elbows and those over 45 deg and up to 90 deg, inclusive, shc^ have the same center to 
face HiTnpnainTiH as given for 90-deg dbows. The angle designation of an dbow is its defiection from straight 
Ime flow and is the angle between the flange faces. 

sSide outlet elbows shall have all openings on intersecting center-lines. 

i»Body th i c k ness at no point be less than 87J4 P®r cent of the dimensions given in the table. 
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is dependent on the individual job, the use of welding is generally recom- 
naended on the basis of a greatly reduced cost of naaintenance and repair, 
of less weight resulting from the use of a lighter-weight pipe, and of 
increased economy in pipe insulation, hangers, and supports rather than 
on the basis of any economy that might be effected in actual erection by 
welding on low to medium pressure heating jobs. 

Fusion welding, commonly used in erection of piping, is defined as the 
process of joining metal parts in the molten, or molten and vapor states, 


Table 8. American Standard Dimensions for Butt-Welding Elbows, Tees, 
Caps, and Lapped- Joint Stub Ends, A.S.A, B 16.9-1 940 



Nouqtal 

Pbpb 

Size 

OUTSIDB 

Diambteb 

Centbb-to-End 

Caps 

JSb-c 

LAPPBD-Jomr Stub Ends 

90-Deg 

Elbows 

A 

4S-Deg 

Elbows 

B 

Of Run 
Tee 

Ca 


Radius of 
Fillet 

R 

Diam. of 

1 

1.316 

m 

% 


m 

4 

A 

2 

iji 

1.660 

VA 

1 


lA 

4 

Hs 

2A 


1,900 

2M 

iVs 



4 

A 

BVs 

2 ! 

2.375 

3 

m 

2H 

m 

6 

Hi 

BHs 


2.875 

BH 

m 

3 


6 

Hi 

4H 

3 

3.500 


2 


2 

6 

A 

6 

3H 

4.000 

5M 

2H 

SH 

2J| 

6 

Vs 

5A 

4 

4.500 

6 

2Ai 


23^ 

6 

Hi 

6Hi 

5 

6.563 

7H 

BVs 


3 

8 

Hi 

7Hi 

6 

6.625 

9 



3Ji 

8 

A 

8A 

8 

8.625 

12 

6 

7 

4 

8 

A 

lOHs 

10 

10.750 

15 

6M 

m 

5 

10 

A 

12H 

12 

12.750 

18 

7A 

10 

6 

10 

A 

15 


All dimensions given in inches. 

^The dimensions of welding tees cover those which have side outlets from one size less than half the size 
of the run-way opening of the tees to full size. 

bDimensions E and F are applicable only to these fittings in schedules up to and including Schedule 80, 
Standard B36.10-1939. 

oThe shape of these caps shall be ellipsoidal and shall conform to the requirements of the A.S.M.E, 
Boiler Construction Code. 

dThis dimension is for standard machined facings in accordance with American Standard for Steel Pipe 
Flanges and Flanged Fittings (A .5. A. B16e-1939). The back face of the lap shall be machined to conform 
to the surface of the flange on which it seats. Where ring joint facings are to be applied, use dimension K 
as given in A. 5 A.. B16e-1939. 


without the application of mechanical pressure or blows. Fusion welding 
embraces gas welding and electric arc welding, both of which are com- 
monly used to produce acceptable welds. 

Welding application requires the same basic knowledge of design as do 
the other types of assembly, but in addition, requires a generous know- 
ledge of the sciences involved, particularly as to welding qualities of 
metal, their reaction to extremely high temperatures, and the ability to 
determine and use only the best quality wel^ng rods. This requirement 
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applies equally to employer and employee with the employer accepting 
all of the responsibility. Thus the employer should select his welding 
mechanics with good judgment, provide them with first-class equipment 
and tools, arrange for their training and use of acceptable worlmanship 


Table 9. American Standard Dimensions of Steel Welding Neck and Slip-on 
Welding Flanges for Steam Service Pressure Rating of 150 Lb per Sq In. 
(Gage) at a Temperature of 500 F, and 100 Lb per Sq In. (Gage) at 750 F, A. 5. A. 

Bl6e-1939 




Nominal 

Pipe 

Size 

Diameter 

OP 

Flange 

Thickness 

OP 

Flg* 

Min. 

Dumeter 

OP 

Hub 

Hub Diam. 
BEGINNINa 
OF 

Chamfer^-® 

Length 

Thru 

Hub» 

Inside Dum. 

OP Pipe 
Schedule 40® 

Bore op 
Slip-on 
Flanges 
Min. 

Diam. op 
Bolt 
C mcLB 

No, 

OP 

Bolts 

Size 

OP 

Bouts 

0 

Q 

X 

H 

Y 

J 

w 



3}^ 

% 

1% 

0.84 


0.62* 

0.88 

2H 

4 


¥4. 


Ws 

3^ 

IH 

1.05 

m 

0.82* 

1.09 

2% 

4 

)4 

1 


4K 


1% 

1.32 

2% 

1.05* 

1.38 

3>4 

4 

¥2 




¥8 

2^6 

1.66 

2K 

1.38* 

1.72 

3J4 

4 

¥ 

m 


5 


2% 

1.90 

214 

1.61* 

1.97 

3J4 

4 

¥ 

2 


6 

% 

3H6 

2.38 

214. 

2.07* 

2.44 

4?4 

4 

¥ 



7 

Vs 

3% 

2.88 

2H 

2.47* 

2.94 

5^ 

4 


3 




434 

3.50 

2h 

3.07* 

3.56 

6 

4 

¥ 

^¥2 


83^ 


413^6 

4.00 

2% 

3.55* 

4.06 

7 

8 




9 


55.46 

4.50 

3 

4.03* 

4.56 

7)4 

8 


5| 


10 1 


6% 

5.56 

i 

5.05* 

5.66 

8)4 

1 


61 


11 

1 

7^6 

6.63 

SVz 

6.07* 

6.72 

9)4 

8 

¥ 

81 


13H 

iVs 

91346 

8.63 

4 

7.98* 

8.72 

IIM 

8 

% 

lol 


16 

1% 

12 

10.75 

4 

10.02* 

10.88 

1.4)4 

12 

¥ 

121 


19 

134 

14J4 

12.75 

4}^ 


12.88 

17 

12 

¥ 

14 0.D. 

21 

IH 

15?4 

14.00 

5 

To Be 

14.19 

18)4 

12 

1 

16 O.D. 

23M 

1% 

18 

16.00 

6 

Specified 

16.19 


16 

1 

18 O.D. 

25 

1946 

19J4 

18.00 


by 

18.19 

22)4 

16 

\¥ 

20 O.D. 

27J^ 

1% 

22 

20.00 

m 

Purchaser 

20.19 

25 

20 

1¥8 

24 O.D. 

32 

IVs 

26K 

24.00 

6 


24.19 

29)4 

20 



ah dimensions given in inches. 

raised face of ^ in. is included in thickness of flange minimum and in length through hub. 
bXhe outside surface of the welding end of the hub shall be straight or tapered at not more than 6 deg. 
cDimensions H and J correspond to the outside and inside diameters of pipe as given in A-S.A. 336.10- 
1939, Schedule 40. 

"These diameters are identical with the diameters of what was formerly designated as Standard W^ght 
Pipe of the corresponding sizes. 


standards, and at regular intervals subject their work to prescribed t^ts. 
Industry will not accept the emplojraent of rnechanics of undetermined 
ability nor on Ae basis of past experience. Neither does industry accept 
the statement that a weld is only as good ais the workman who makes it. 
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For piping which is to be operated at pressures in excess of 15 lb per 
square inch, rules for fusion welding of pipe joints and the qualification of 
welders and welding procedures as contained in the American Standard 
Code for Pressure Piping should be observed. For pressures 151b per square 
inch or below, the foregoing rules or those set forth in the Standard Manual 
on Pipe Welding of the Heating, Piping and Air Conditioning Contractors 
National Association should be followed to insure a satisfactory welded 
joint. 

A complete line of manufactured steel welding fittings is now available 
and a dimensional standard has been prepared under the procedure of the 

Table 10. Proposed American Standard Dimensions of Socket- Welding Elbows, 
Tees, Crosses, 45-Deg Elbows, and Couplings 




blOMmAL 

Peps 

Sdes 

Minivcu; 

Dzpth 

ov 

SocExn 

CxircEB TO Bottom of Socot 

OoUPLZKOS 

Bobb 

Diamxtbb 

Minimtim Socket 
Wall Tbzckjsosiss 

Bobb Diametbb of 
Fittings 

90-DegElla, 
Tees, Crosses 

45-Deg Ells 

Dibtancb 

Bstwxddk 

Bottom 

Socebts 

OF 

Minimum 

Sched. 

40 

Sched. 

80 

Sched. 

160 

Sched. 

40 

Sched. 

80 

Sched. 

160 

Sched. 
401; 80 

Sched. 

160 

Sched. 

40A80 

Sched. 

160 

A 

A 

B 

B 

Ca 

D 

K 




% 


y 

0.555 

0.156 

0.156 


0.364 

0.302 







_____ 


0.690 

6.156 

0.158 


0.493 

0.423 




' Hi 





0B55 

0.156 

0.184 

0.234 

0.622 

0.546 

0.466 

H 






^ 1 

1.065 

0.156 

0.193 

0.273 

0.824 

0.742 

0.614 

1 



1^6 




1B30 

0.166 

0.224 

0.313 

1.049 

0.957 

0.815 

iH 



IJ? 


Hie 


1.675 

0.175 

0.239 

0.313 

1.380 

1.278 

1.160 

IH 




% 

1 

34 

1.915 

0.181 

0.250 

0.351 

1.610 

1.500 

1.338 

2 




1 



2.406 

0.103 

0.273 

0.429 

2.067 

1.939 

1.689 

2H 





IS 


2.906 

Q.254 

0.345 

0.469 

2469 

2.323 

2.125 

3 



2H 



3.535 

0.270 

0.375 

0.546 

3.068 

2.000 

2.626 


All dimensions are given in indies. 

•Dimension C is IM times the nominal pipe thickness, minimum, but not less than % in. 

Reducing sizes have same center to bottom of socket dimension as the largest size of reducing fitting. 


American Standards Association to unify heretofore divergent dimensions 
for the same type welding fittings as produced by different manufacturers. 
Standard dimensions for steel butt-welding elbows, tees, caps, and lapped- 
joint stub ends are given- in Table S. Dimensions for eccentric and con- 
centric reducers, and 180-deg return bends are not shown in Table 8 but 
are included in the American Standard. Larger sizes also are available 
in some types of fittings. The welding bevel which is a straight 373^-deg 
V for wall thicknesses % in. and below, and a U-bevel for thicknesses 
heavier than % in., conforms to the recommended practice of A.S.A- 
Standard B16e-1939, American Standard for Steel Pipe Flanges and 
Flanged Fittings, The latter also contains dimensions for steel welding 
neck flanges for pressures up to 2500 lb per square inch, and slip-on 
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welding flanges for 150 and 300 lb per square inch. Table 9 gives these 
dimensions for welding-neck and slip-on welding flanges suitable for 
150 lb per square inch gage pressure. 

Socket-welding fittings also are commercially available. These fittings 
have a machined recess for inserting the pipe which is attached by a 
fillet weld between the pipe wall and socket end. Use of socket-welding 
fittings generally is restricted to nominal pipe sizes 3 in. and smaller in 
which range commercial fittings are available. This type of fitting has 
gained rapid acceptance owing to its ease of installation, low cost, and 
ability to make a pressure tight joint without weakening the pipe as is 
the case with threading. Dimensions for socket-welding fittings as 
offered by most manufacturers of the product are given in Table 10. 

VALVES 

Valves are made with both threaded and flanged ends for screwed and 
bolted connections just as are pipe fittings. 

The material used for valves of small size is generally brass or bronze 
for low pressures and forged steel for high pressures, while in the larger 
sizes either cast-iron, cast-steel or some of the steel alloys are employed. 
Practically all iron or steel valves intended for steam or water work are 
bronze-mounted or trimmed. 

Brass, bronze, and iron valves are generally designed for standard or 
extra heavy service, the former being used up to 125 lb and the latter up 
to 250 lb saturated steam working pressure, although most manufacturers 
also make valves for medium pressure up to 175 lb steam working pres- 
sure. The more common types are gate valves or straightway valves, 
globe valves, angle valves, check valves and automatic valves, such as 
reducing and back-pressure valves. 

Gate valves are the most frequently used of all valves since in their open 
position the resistance to flow is a minimum, but they should not be used 
where it is desired to throttle the flow; globe valves should be used for 
this purpose. These valves may be secured with either a rising or a non- 
rising stem, although in the smaller sizes the rising stem is more commonly 
used. The rising stem valve is desirable because the positions of the 
handle and stem indicate whether the valve is open or closed, although 
space limitations may prevent its use. The globe valve is less expensive 
to manufacture than the gate valve, but its peculiar construction offers 
a high resistance to flow and may prevent complete drainage of the pipe 
line. These objections are of particular importance in heating work. 

An American Standard, A,S,A, B16.10-1939, has been prepared giving 
the face-to-face dimensions of ferrous flanged and welding-end valves. 
The following types are covered: wedge gate, double disc gate, globe and 
angle, and swing check. One purpose of establishing these dimensions is 
to insure that gate valves of a given rating and flange dimension of either 
the wedge or double disc design will be interchangeable in a pipe line. 
Contact surface to contact surface dimensions of cast-iron and steel 
flanged-wedge-gate valves are given in Table 11. End-to-end dimensions 
for steel butt-welding valves in sizes up to 8 in., inclusive, are the same 
as those given in Table 11 for steel valves. 

Check valves are automatic in operation and permit flow in only one 
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Table 11. American Standard Contact Surface to Contact Surface Dimensions 
OF Cast-Iron and Steel Flanged Wedge Gate Valves, A.S.A. B16.10-1939 




Contact Suepacb to Contact Stopacb Dimbnsions, (2 X AA) 


Nominal 

Pipe 

Size 

Caat-Iron® 

Steel 

125 

175bo 

250b 

160b 

300b 

1 






IJi 






13^ 





734 

2 

7 


m 

7 


2H 

7H 

8 

9J4 

714 


3 

8 


nvs 

8 

liH 

33^ 

8H 

10 

nVs 

8H 

ilH 

4 

9 

lOH 

12 

9 

12 

5 

10 

nVz 

15 

10 

15 

6 

1034 

13 

ISVs 

1034 

15J4 

8 

1134 

UH 

16J4 

11J4 

1634 

10 

13 

leH 

18 

13 

18 

12 

14 

17H 

19?i 

14 

im 

14 O.D. 

15 

, 

2234 

15 

30 

16 O.D. 

16 

_ , _ 

24 

16 

33 

18 O.D. 

17 



26 

17 

36 

20 O.D. 

18 



28 

18 

39 

24 O.D. 

20 

— 

31 

20 

45 


All dimensions given in inches. 

aThese dimensions are the same for Cast-Iron Double Disc Flanged Gate Valves. 

iJThese are pressure designations which refer to the primary service ratings in pounds per square inch 
of the connecting end flanges. 

oThe, connecting end flanges of 175- lb valves are the same as those on 250 lb valves. 

Note 1: — Where dimensions are not given, the sizes either are not made or there is insufficient demand 
to warrant the expense of uniflcation. 

Note 2: — Female and groove joint facings have bottom of groove in same plane 2 iS flange edge, and center 
to contact surface dimensions for these facings are reduced by the amount of the raised face 


direction, depending for operation on the difference in pressure between 
the two sides of the valve. The two principal kinds of check valves are 
the swing check in which a flapper is hinged to swing back and forth, and 
the lift check in which a dead weight disc moves vertically from its seat. 

Valves commonly used for controlling steam or water supply to radi- 
ators constitute a special class since they are manufactured to meet 
heating system requirements. These valves are generally of the angle 
type and are usually made of brass. Graduations on the heads or lever 
handles are often supplied to indicate the relative opening of the valve in 
any position. 
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Automatic control^ of steam supply to individual radiators can be 
effected by use of direct-acting radiator valves having a thermostatic 
element at the valve, or near to it. The direct-acting valve is usually an 
angle-type valve containing a thermostatic element which permits the 
flow of steam in accordance with room temperature requirements. These 
valves usually are capable of adjustment to permit variation in room 
temperature to suit individual taste. 

Ordinary steam valves may be used for hot water service by drilling a 
J^-in. hole through the web forming the seat to insure sufficient circulation 
to prevent freezing when the valve is closed. Valves made particularly 
for use in hot water heating systems are of less complex design, one type 
consisting of a simple butterfly valve, and another of a quick opening type 
in which a part in the valve mechanism matches up with an opening 
in the valve body. 

In one-pipe steam-heating systems, automatic air valves are required 
at the radiators. Two common types of air valves available are the 
vacuum type and the straight-pressure type. Vacuum valves permit the 
expulsion of air from the radiators when the steam pressure rises and, in 
addition, act as checks to prevent the return of air into the radiator when 
a vacuum is formed by the condensation of steam after the supply pressure 
has dropped. Ordinary air valves permit the expulsion of air from the 
radiator when steam is supplied under pressure, but when the pressure 
dies down and a vacuum tends to be formed the air is drawn back into 
the radiator. 


CORROSION" 

Corrosion is sometimes encountered in heating work on the outside of 
buried pipes or the inside of steam heating systems; it is seldom ex- 
perienced in hot water heating systems unless the water is frequently 
renewed. Piping buried in the ground is quite successfully protected by 
coatings of the asphaltic type which are usually applied hot and often 
reinforced with fabric wrappings. Galvanizing by the hot-dip process and 
painting with specially prepared mixtures also afford some protection. 

Internal corrosion in steam heating systems occurs principally in the 
condensate return pipes and is nearly always caused by oxygen or carbon 
dioxide, or both, in solution in the condensate. Oxygen may enter the 
heating system with the steam, owing to its presence in the boiler-feed 
water, or it may enter as air through small leaks, particularly in systems 
which operate at sub-atmospheric pressures. When a steam heating 
system is operated intermittently, air rushes in during each shutdown 
period and oxygen is absorbed by the condensate which clings to the 
interior surfaces of the pipes and radiators. The rate of corrosion depends 
upon the amounts of oxygen and carbon dioxide present in solution, upon 


^New Light on Heating System Corrosion, by J. H. Walker {Heating and Ventilating, May, 1933). 
A.S H.V.E. Research Report No. 983 — Corrosion Studies in Steam Heating Systems, by R. R. Seeber, 
F. A. Rohrman and G. E. Smedberg. (A.S.H.V.E. Transactions, Vol. 40, 1934, p. 253). A.S.H.V.E. 
Research Report No. 1037 — Corrosion Studies m Steam Heatmg Systems, by R. R. Seeber, F. A. Rohr- 
man and G. E. Smedberg, (A.S.H.V.E. Transactions, Vol. 42, 1936, p. 263). A.S.H.V.E. Research 
Report No. 1071— Corrosion Studies in Steam Heating Systems, by R. R. Seeber and Margaret R. Holley 
(A.S.H.V.E. Transactions, Vol. 43, 1937, p. 461). Corrosion in Steam Heating Systems, by L. F. Collins 
and E. L. Henderson, {Heating, Piping and Air Conditioning, September, 1939 to May, 1940). 
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the operating temperature, and upon the length of time that the pipe 
surfaces are in contact with gas-laden condensate. 

Another possible cause of corrosion is a flow of electric current some- 
times resulting from faulty electrical circuits which should be corrected. 
Electrolytic corrosion also may occur because of the presence of two dis- 
similar metals, such as brass and iron, but the condensate in practically 
all steam heating systems is such a weak electrolyte that this cause of 
corrosion is very infrequent. 

If trouble is experienced from corrosion, oxygen should be eliminated 
from the feed water by proper deaeration with commercial apparatus. 
The elimination of the oxygen due to air leakage is more difficult because 
of the multitude of small leaks which exist around valve stems and in 
pipe joints. In vacuum systems, however, an attempt should be made 
to minimize such leakage. 

Carbon dioxide in varying amounts is contained in steam produced 
from the majority of water supplies. It is formed from the breaking down 
of carbonates and bicarbonates which are present in nearly all natural 
waters. It can be partly removed by chemical treatment and deaeration, 
but there is no simple method whereby it can be entirely eliminated. 

These gases cause corrosion only when in solution in the condensate; 
when they are mixed with dry steam their corrosive effect is negligible. 
The amount of gas in solution depends upon the partial pressure of that 
gas in the atmosphere above the surface of the solution, in accordance 
with the well known physical law of Henry and Dalton®. The correct 
application of this law, however, requires equilibrium conditions which do 
not always exist under the flow conditions prevailing in a heating system. 

There is a distinction between corrosion in heating systems proper and 
in the condensate discharge lines from other apparatus using steam at 
relatively high rates, particularly at the times of the cycle when the 
steam consumption is at its heaviest. In such equipment the gases tend 
to accumulate in the steam space and to become dissolved in the con- 
densate in high concentrations, thus greatly increasing the possibilities 
of corrosion. The condensate will more nearly approach in composition 
the composition of the steam .than will the normal condensate from 
apparatus such as room radiators, and will, therefore, normally include in 
solution more contaminants. It is possible that careful venting of such 
equipment would reduce the amount of contaminants dissolved in the 
condensate, thus giving less corrosion. There is evidence that the partial 
pressures of the gases are much lower in heating systems than in high 
usage equipment, and therefore the possibilities of corrosion in heating 
systems are less than in other apparatus. Hence, corrosion observed in 
the condensate discharge lines from high usage equipment does not 
necessarily indicate that equally serious corrosion is talang place in the 
heating system. 

The seriousness of corrosive conditions is best determined by actual 
measurement rather than by inference from isolated instances of pipe 
failures. The National District Heating Association has perfected a cor- 
rosion tester for measuring the inherent corrosiveness of existing con- 

^Some Fundamental Considerations of Corrosion in Steam and Condensate Lines, by R. B. Hall and 
A. R. Mumford (A.S.H.V.E. Transactions, VoL 38, 1932, p. 121). 
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ditions. This corrosion tester consists of a frame supporting three coils 
of wire which are carefully weighed. After the tester has been inserted in 
the pipe line for a definite length of time, the loss of weight of the coils, 
referred to an established scale, indicates the relative corrosivensss of the 
condensate. Accompanying such corrosion measurements, a careful 
chemical analysis should be made of the condensate, and the findings will 
serve as a basis for an intelligent study of the problem®. 

There are some indications that after a condensate containing carbon 
dioxide has dissolved some iron and thereby raised its pH value, its cor- 
rosive action is greatly reduced and the solution will remain comparatively 
inactive until admission of oxygen permits the precipitation of the 
dissolved iron as ferric oxide. The pH value of the condensate may be 
buffered to a fairly high value by the solution of iron and not correspond 
to the pH value to be expected in the unbuffered solution containing the 
same amount of carbon dioxide. 

Although inhibitors of various types have had considerable trial and 
experimentation and successes have been reported, they require further 
study. Among these inhibitors are oil, sodium silicate, sodium hydroxide, 
tannin, and various other organic compounds, some of which release 
ammonia gas. The possible toxic effects, particularly if the steam is 
used for contact cooking of food, should not be overlooked. 

In view of the fact that corrosion is most frequently found in the 
return lines from special equipment, which constitute a relatively small 
part of the total piping in a building, a simple solution of the corrosion 
problem may be to use non-corroding materials in those certain portions 
of the piping system, since the higher cost will usually be an unappreciable 
portion of the total. Brass and copper are undoubtedly less subject to this 
type of corrosion than the ferrous metals, and considerable attention is 
now being given to corrosion-resistant linings for ferrous pipe. Cast-iron 
pipe, sometimes alloyed with other metals, also deserves consideration. 

Eighteen ferrous and non-ferrous metals and alloys were recently 
tested in a large air conditioning installation^. Observations were made 
in the wash water of the dehumidifier and in the air stream beyond the 
eliminator plates. The corrosion rates of all metals and alloys utilizing 
a dichromated-treated wash water were extremely low. Localized attack 
in the form of pitting was found to occur on steel in crevices or under 
solid accumulations. Just beyond the dehumidifier eliminator plates 
corrosive conditions were observed to be particularly severe and in such 
locations non-ferrous metals and alloys and stainless^ steels were most 
resistant. Alloy steels were found to be superior to mild steel. 


«A Method of Measuiing Corrosiveness, by J. H. Walker, Proceedings, American Society for Testing 
Materials, 1940. 

S H.V.E. Research Paper— Corrosion Tests in a Water-Redrculating Air Conditioning System, 
by W. Z. Friend (A.S.H.V.E. Transactions, Vol. 48. 1942, p. 233). 
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Heat Losses from Bare and Insulated Pipes, Low Temperature Pipe 
Insulation, Insulation of Pipes to Prevent Freezing, Economical 
Thickness of Pipe Insulation, Underground Pipe Insulation 

T he heat transfer through uninsulated pipes may be of considerable 
magnitude if the temperature of the surrounding medium differs 
appreciably from that of the fluid conveyed. Careful consideration must, 
therefore, be given to this factor in a properly designed system and 
adequate insulation provided, if necessary. 

HEAT LOSSES FROM BARE PIPES 

Heat losses from horizontal bare steel pipes, based on tests at Mellon 
Institute and calculated from the fundamental radiation and convection 
equations (Chapter 3), are given in Table L Heat losses from horizontal 
copper tubes and pipes with bright, lacquered and tarnished surfaces, 
are given in Tables 2, 3 and 4^. 

The area in square feet per linear foot of pipe is given in Table 5 for 
various standard pipe sizes, and Table 6 for copper tubing, while Table 7 
gives the area in square feet of flanges and fittings for various standard 
pipe sizes. These tables can be used to advantage in estimating the 
amount of insulation required. 

Very often, when pipes are insulated, flanges and fittings are left bare 
so as to allow for easy access to the fittings in case of repairs. The fact 
that a pair of 8-in, standard flanges having an area of 2.41 sq ft would 
lose, at 100 lb steam pressure, an amount of heat equivalent to more than 
a ton of coal per year shows the necessity for insulating such surfaces. 

Examples 1 and 2 show how the annual heat loss from uncovered pipe 
and its dollar value may be computed from the data in Table 1. 

Eocample 1, Compute the total annual heat loss from 165 ft of 2 in. bare pipe in 
service 4000 hours per year. The pipe is carrying steam at 10 lb pressure and is exposed 
to an average air temperature of 70 F. 

Solution, The pipe temperature is taken as the steam temperature, which is 239.4 F, 
obtained by interpolation from Table 8, Chapter 1. The temperature difference between 
the pipe and air = 239.4 ■— 70 == 169.4 F. By interpolation of Table 1 between tem- 
perature differences of 157.1 and 227.7 F, the heat loss from a 2-in. pipe at a temperature 
difference of 169.4 F is found to be 1.624 Btu per hour per linear foot per degree tem- 
perature difference. The total annual heat loss from the entire line = 1.624 X 169.4 X 
165 (linear feet) X 4000 (hours) = 181,600 Mb, 


Copper Piping, by R. H. Heilman {Heating, Piping and Atr Conditioning, September, 

19o3. p. 45o). 
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Example^ S. Coal costing $11,50 per ton and having a calorific value of 13,000 Btu 
per pound is being burned in the furnace supplying steam to the pipe line given in the 
previous example. If the system is operating at an overall efficiency of 55 per cent, 
determine the monetary value of the annual heat loss from the line. 

Solution, The cost of heat per *1000 Mh supplied to the system = 1,000,000 X 11.5 

Table 1. Heat Losses from Horizontal Bare Steel Pipes 
Expressed, in Btu per hour per linear foot per degree Fahrenheit difference 
in temperature between the pipe and surrounding still air at 70 F 


Nominal 

Pipe 

Size 

Hot Water 

Steam 

1 

120 F 

150 F 

180 F 

210 F 1 

227.1 F 
(5 Lb) 

299.7 F 
(50 Lb) 

337.9 F 
(100 Lb) 

(Inches) 











Temperature Difference 




50 F 

80 F 

110 F 

140 F 

157 1 F 

227.7 F 

267.9 F 


0.455 

0.495 

0.546 

0.584 

0.612 

0.706 

0.760 


0.555 

0.605 

0.666 

0.715 

0.748 

0.866 

0.933 

1 

0.684 

0.743 

0.819 

0.877 

0.919 

1.065 

1.147 


0,847 

0.919 

1.014 

1.086 

1.138 

1.324 • 

1,425 

13^ 

0.958 

1.041 

1.148 

1.230 

1.288 

1.492 

1.633 

2 

1.180 

1.281 

1.412 

1.512 

1.578 

1.840 

1.987 

2M 

1.400 

1.532 

1.683 

1.796 

1.883 

2.190 

2.363 

3 

1.680 

1.825 

2.010 

2.153 

2.260 

2.630 

2.840 * 

33^ 

1.900 

2.064 

2.221 

2.433 

2.552 

2.974 

3.215 

4 

2.118 

2.302 

2.534 

2.717 

2.850 

3.320 

3.590 

5 

2.580 

2.804 

3.084 

3.303 

3.470 

4.050 

4.385 

6 

3.036 

3.294 

3.626 

3.886 

.4.074 

4.765 

5.160 

8 

3.880 

4.215 

4.638 

4.960 

5.210 

6.100 

6.610 

10 

4.760 

5.180 

5.680 

6.090 

6.410 

7.490 

8.115 

12 

5.590 

6.070 

6.670 

7.145 

7.500 

8.800 

9.530 


Table 2. Heat Loss from Horizontal Bare Bright Copper Pipe 
Expressed in Btu per hour per linear foot per degree Fahrenheit 
between the pipe and surrounding still air at 70 F 



Hot Water (Type K Copper Tube) 

Steam (Standard Pipe Size Pipe) 

Nominal 

Pips 

120 P 


180 F 

210 F 

227.1 F 
(SLb) 

297 7 F 
(SO Lb) 

337.9 F 
(100 Lb) 

Size 

(Inches) 



Temperatube Difference 




50 F 

80 F 

IlOF 



227.7 F 

267.9 F 


0.180 

0.210 

0.218 

0.229 

0.299 

0.338 

0.355 

H 

0.236 

0.275 

0.291 

0.307 

0.357 

0.408 

0.418 

1 

0.290 

0.338 

0.354 

0.373 

0.440 

0.492 

0.523 

1)4: 

0.340 

0.400 

0.418 

0.443 

0.510 

0.571 

0.598 

1)^ 

0.390 

0.463 

0.473 

0.507 

0.598 

0.671 

0.710 

2 

0.490 

0.525 

0 600 

0.628 

0.719 

0.813 

0.851 

2)^ 

0.580 

0.675 

0.709 

0.750 

0.840 

0.953 

1.008 

3 

0.680 

0.788 

0.848 

0.871 

0.987 

1.107 

1.165 

3)4 

0.760 

0 888 

0 946 

1.000 

1.114 

1.235 

1.307 

4 

0.940 

1.000 

1.045 

1.107 

1.210 

1.361 

1.456 

4)4 





1.335 

1.495 

1.488 

5 

1.020 

1.200 

i’.255 

1.320 

1.465 

1.670 

1.755 

6 

1.160 

1.375 

1.410 

1.500 

1.685 

1.890 

1.942 

8 

1.460 

1.725 

1 820 

1.890 

2.100 

2.373 

2.510 
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(dollars) 4- 13,000 (Btu) X 2000 (lb) X 0.55 (efficiency) = $0,804. The total cost of 
heat lost per year = 0.804 X 181.6 (thousand Btu) = $146.00. 


Table 3. Heat Loss from Bright Coj’per Pipe Given One 
Thin Coat of Clear Lacquer 

Expressed in Btu per hour per linear foot per degree Fahrenheit 
between the pipe and surrounding still air at 70 F 


Nomutal 

Pipe 

Size 

(Incpses) 

Hot Wateb (Type K Copper Tube) 

Stbau (Standard Pipe Size Pipe) 

120 P 

ISOF 



wtmSm 

BSjESh 


TeMFEBATTIBB DmEBBNCB 

SOF 

SOF 

110 F 

140 F 

1S7.1 F 

227.7 F 

267.9 F 


0.240 

0.265 

0.282 

0.307 

0.401 

0.461 

0.478 

% 

0.320 

0.356 

0.373 

0.414 

0.477 

0.571 

0.578 

1 

0.390 

0.437 

0.463 

0.507 

0.598 

0.681 

0.710 


0 470 

0.537 

0.554 

0.614 

0.700 

0.812 

0.840 

m 

0.540 

0.612 

0.645 

0.714 

0.830 

0.966 

0.990 

2 

0.690 

0.762 

0.818 

0.892 

1.005 

1.164 

1.201 

2H 

0.840 

0.937 

0.991 


1.178 

1.361 

1.420 

3 

0.960 

1.025 

1.135 

1.270 

1.400 

1.625 

1.700 

3H 

1.100 

1.250 

1.318 

1.442 

1.580 

1.845 

1.905 

4 

1.241 

1.400 

1.480 

1.556 

1.750 

2.040 

2.130 

4H 





1.910 

2.240 

' 2.350 

5 

1.480 

1.685 

1.790 

1.965 

2.130 

2.415 

2.610 

6 

1.700 

1.936 

2.052 

2.272 

2.450 

2.810 

2.990 

8 

2.200 

2.500 

2.630 

2.854 

3.120 

3.425 

3.730 


Table 4. Heat Loss from Horizontal Tarnished Copper Pipe 

Expressed in Btu per hour per linear foot per degree Fahrenheit 
between the pipe and surrounding still air at 70 F 


KoiUNiX 

Pipe 

Size 

(Inches) 

Hot Water (Type K Copper Ihibe) 

Steam (Standard Pipe Pipe) 

120 F 

ISOF 

. ISOF 

210 F 



337.9 F 
(100 Lb) 

Tbufbbatube Diffebence 

SOF 

SOF 

llOF 


IIQQII 

227.7 F 

267.9 F 

H 

0.250 

0.287 

0.300 

0.321 

0.433 

0.500 


H 

0.340 

0.381 

0.409 


0.533 

0.543 


1 

0.440 

0.475 

0.509 

0.536 

0.636 

0.146 


IH 

0.500 

0.559 

0.618 

0.622 

0.764 

0.878 



0.580 

0.656 

0.710 

0.750 

0.904 

1.053 

1.120 

2 

0.730 

0.825 

0.890 

0.957 

1.101 

1.273 

1.364 

2H 

0.880 

1.000 

1.091 

1.143 

1.305 

1.490 

1.605 

3 

1.040 

1.175 

1.272 

1.343 

1.560 

1.800 

1.940 

3H 

1.180 

1.350 

1.454 

1.535 

1.750 

2,020 




1.500 

1.635 

1.715 

1.941 

2.240 

2.430 

4M 





2.131 

2.465 

2.650 

5 

1.600 

1.812 

1.980 


2.387 

2.770 

2.990 

6 


2.125 

2.270 


2.740 

3.210 

3.440 

8 

2.400 

2.685 

2.910 

3.110 

3.310 

4.050 

4.370 
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CHAPTER 18. PIPE INSULATION 


HEAT LOSSES FROM INSULATED PIPES 

The conductivities of various materials used for insulating steam and 
hot water systems are given in Table 8. They are given as functions of 
the mean temperatures or the mean of the inner and outer surface tem- 


Table 5, External Surface per Linear Foot of Pipe 


Nominal 

PiPB SiZB 
(Inches) 

SuBFACB Abba 
(Sq Ft) 

Nominal 

Pipe Size 
(Inches) 

Stjbpace Area 
(Sq Ft) 

Nominal 
Pipe Size 
(Inches) 

SuBPACE Abba 
(Sq Ft) 


0.22 

2 

0.622 

5 

1.456 

H 

0.275 

2H 

0.7S3 

6 

1.734 

1 

.0.344 

3 

0.917 

8 

2.257 

m 

0.435 

3M 

1.047 

10 

2.817 


0.498 

4 

1.178 

12 

3.338 


Table 6. External Surface per Linear Foot of Copper Tubing 
Outside diameter in. greater than nominal size 


Tube Size 
(Inches) 

SuBFACE Area 
(Sq Ft) 

Tube Size 
(Inches) 

Subface Abba 
(Sq Ft) 

Tube Size 
(Inches) 

SuBFACE Abba 
(SqFt) 

14 

0.164 

2 



WBESM 

H 

0.229 

2H 




1 

0.295 

3 




iH 

0 360 

3H 



HgjM 


0.426 

4 





Table .7. Areas of Flanged Fittings, Square Feet^ 


Nominal 

Pipe Size 
(Inches) 

Flanoeb 

COUFLINO 

90 Dbg Ell 

Long Radius 

TSt.t. 

Tee 

Cbobs 

Standard 

Elztra 

Heavy 

Standard 


Standard 

Ectra 

Heavy 

Standard 


Standard 

Extra 

Heavy 

1 • 

0.320 

miim 

0.79S 


0.892 

1.083 

1.235 

1.575 

1.622 


IH 

0.383 


0.9S7 

BESS 

1.084 

mmim 

1.481 

1.925 


2.53 


0.477 

0.727 

1.174 

1.332 

1.337 

1.874 

1.815 

2.68 

2.38 

3,54 

2 

0.672 

0.848 

1.65 

2.01 

1.84 

2.16 

2.54 

3.09 

3.32 

msm 

2H 

0.841 

mm 

2.09 

2.57 

2.32 

2.76 

3.21 

4.05 

4.19 

5.17 

3 

0.945 

1.484 

2.38 

3.49 

2.68 

3.74 

3.66 

5.33 

4.77 

6.95 

3H 

L122 

1.644 

2.98 

3.96 

3.28 

4.28 

4.48 

6.04 

5.83 

7.89 

4 

1.344 

1.914 

3,53 

4.64 

3.96 

4.99 

5.41 

7.07 

7,03 

9.24 

4:H 

1.474 

mm 

3.95 

5.02 

4.43 

5.46 

6.07 

7.72 

7.87 

wmm 

5 

1.622 

2.18 

4.44 

5.47 

mSSm 

6.02 

6.81 

8.52 

8.82 

10.97 

6 

1.82 

2.78 

5.13 


5.99 

7.76 

7.84 

10.64 

10.08 

13.75 

8 

2.41 

3.77 

6.98 

9.76 

8.56 

11.09 

10.55 

14.74 

13.44 

18.97 

10 

3.43 

5.20 

10.18 

13.58 

12.35 

15.60 

15.41 

20.41 

19.58 

26.26 

12 

4.41 

6.71 

13.08 

17.73 

16.35 

18.76 

19.67 

26.65 

24.87 

34.11 


•Including areas of accompansdng flanges bolted to the fitting. 


peratures of the insulations. It should be emphasized that they sire the 
average values obtained from a number of tests made on each type of 
material, also that all variables due to differences in thickness, pipe sizes, 
and air conditions are eliminated. Individual manufacturer’s materials 
will, of course, vary in conductivity to some extent from these values. 
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Fig. 1. Heat Loss Through 1 In. Thick 85 per cent 
Magnesia Type Covering 
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The heat losses through 1, 13^, and 2-in. thick 85 per cent Magnesia 
type of insulation for temperature differences between the pipe and the 
surrounding atmosphere up to 280 F are shown in Figs. 1, 2, and 3. 
Standard thicknesses of 85 per cent Magnesia pipe covering are not 
exactly 1 in. However, the loss through any given thickness of insulation 
can be obtained by interpolation. Also, the losses through any of the 



Fig. 2, Heat Loss Through IK 'In. Thick 85 per cent 
Magnesia Type Covering 

insulations given in Table 8 can be obtained by multiplying the losses 
obtained from Figs. 1, 2, or 3 by the factors given in Table 9. 

The rate of heat loss from a surface maintained at constant temperature 
is greatly increased by air circulation over the surface. In the case of 
well-insulated surfaces, the increases in losses due to air velocity are very 
small as compared with increases from bare surfaces, because of the fact 
that air flowing over the surface of the insulation can increase only the 
rate of heat transfer from surface to air, and cannot change the internal 
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resistance to heat flow inherent in the insulation itself. The maximum 
increase in heat loss due to air velocity ranges from about 15 per cent in 
the case of 1-in, thick insulation, to about 5 per cent in the case of 3-in. 
thick insulation, provided that the insulation is thoroughly sealed so 
that air can flow only over the surface. 

If the conditions are such that the air may circulate through cracks 
and crevices in the insulation, the increases may be far greater than those 
given. Therefore, it is essential that insulation be sealed as tightly as 



Fig. 3. Heat Loss Through 2 In. Thick 85 per cent 
Magnesia Type Covering 

possible. Pipe insulation exposed to the elements should be thoroughly 
waterproofed. 

Example 5. If the steam line given in Examples 1 and 2 is covered with 1 in. thick 
85 per cent magnesia, determine the resulting total annual loss through the insulation. 
Also compute the monetary value of the annual saving and the percentage of saving 
over the heat loss from the bare pipe. 

Solution, By referring to Fig. 1, the coefficient for 1 in, magnesia on a 2-in. pipe is 
found to be 0.285 Btu per hour per linear foot of pipe per degree temperature difference 
at a temperature difference of 169.4 F. The total hourly loss per linear foot of pipe will 
then be 0.285 X 169.4 = 48.3 Btu. The total annual loss through the insulation = 
48.3 X 165 (linear feet) X 4000 (hours) — 31,900 2£b, The annual bare pipe loss as 
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the insulation of surfaces that are below the dew-point of the surrounding 
air. In such cases, due to vapor pressure difference, it is necessary to 
seal the surface of the insulating material against the penetration of 
water vapor which would condense within the material, causing a serious 
increase in heat flow, possible breakdown of the material, and corrosion 
of metal surfaces. An insulating material with a high degree of moisture 
absorption might pick up moisture before application and then, when 



Fig. 4. Thickness of Pipe Insulation to Prevent Sweating^ 

®Solve problems by drawing lines as indicated by dotted line, entering chart at lower left-hand scale. 

the seal is in place and the temperature of the insulated surface reduced, 
release that moisture to the cold surface. 

The thickness of insulation required to prevent sweating is that 
thickness which will raise the temperature of the outer surface of the 
insulation to a point slightly higher than the dew-point for the corre- 
sponding air temperature and relative humidity. The difference in tem- 
perature between the air and the dew-point for various humidities can be 
readily ascertained from a psychrometric chart. 

The approximate required thickness of insulation to prevent conden- 
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sation on pipes and fiat metallic surfaces may be obtained from Fig. 4. 
The maximum permissible temperature drop is indicated at the point 
. where the guide line passes through the horizontal scale at the left center 
of the chart. This temperature drop represents the difference between the 
dry-bulb temperature and the dew-point temperature for the conditions 
involved. (See discussion of Condensation in Chapter 4.) The surface 
resistances used for calculating the family of curves in Fig. 4 are based on 
tests made on canvas covered pipe insulation surfaces at Mellon Institute. 
However, it has been found that the resistance for asphaltic and roofing 
surfaces is practically the same as for canvas surfaces, so that the curves 
may be followed with no alteration for surfaces commonly used. 

Heat gains for pipes insulated with a material having a conductivity of 

Table 10. Heat- Gains for Insulated Cold Pipes 

Rates of heat transmission given in Btu per hour per degree Fahrenheit temperature difference 
between fluid in pipe and surrounding still air 

Based on materials having conductivity^ k = 0,S0 


Nominal 

Pipe 

Size 

(Inches) 

Ice Water Thickness 

Brine Thickness 

Heavy Brine Thickness 

Thickness 

of 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
SqFt 
Pipe 
Surface 

Thickness 

of 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
SqFt 
Pipe 
Surface 

Thickness 

of 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
SqFt 
Rpe 
Surface 


1.5 

0.110 

0.502 

2.0 

0.098 

0.446 

2.8 

0.087 

0.394 


1 6 

0 119 

0 431 

2.0 

0.111 

0 405 

2.9 

0.094 

0.340 

1 

1.6 

0.139 

0.403 

2.0 

0.124 

0.352 

3.0 

0 104 

0.294 

m 

1.6 

^ 0.155 

0 357 

2.4 

0.131 

0.300 

3.1 

0 113 

0.260 


1.5 

0.174 

0.351 

2.5 

0.134 

0.270 

3.2 

0.118 

0.238 

2 

1.5 

0 200 

0.322 

2.5 

0.151 

0 244 

3.3 

0.134 

0,214 

2H 

1.5 

0.228 

0 303 

2.6 

0.170 

0 226 

3.3 

0.147 

0.197 

3 

1.5 

0 269 

0.293 

2.7 

0.186 

0.202 

3.4 

0.162 

0.176 

SH 

1.5 

0.295 

0.282 

2.9 

0.191 

0.183 

3.5 

0.176 

0.167 

4 

1.7 

0 294 

0 248 

2.9 

0.209 

0.176 

3.7 

0.182 

0.154 

5 

1.7 

0.349 

0.239 

3.0 

0.241 

0.165 

3.9 

0.202 

0.138 

6 

1.7 

0.404 

0.233 

3 0 

0.259 

0.150 

4.0 

0.228 

0.130 

8 

1.9 

0 455 

0.201 

3.0 

0.318 

0.140 

4.0 

0.263 

0.116 

10 

1.9 

0.559 

0.198 

3.0 



4.0 

0.309 

0.110 

12 

1.9 

0 648 

0.194 

3.0 

0.438 

0.131 

4.0 

0.364 

0.108 


0.30 Btu per square foot per hour per degree Fahrenheit difference per 
inch thiclmess are given in Table 10. 


INSULATION OF PIPES TO PREVENT FREEZING 

If the surrounding air temperature remains sufl&ciently low for an ample 
period of time, insulation cannot prevent the freezing of still water, or of 
water flowing at such a velocity that the qusmtity of heat carried in the 
water is not sufficient to take care of the heat losses which will result and 
cause the temperature of the water to be lowered to the freezing point. 
Insulation can materially prolong the time required for the water to give 
up its heat, and if the velocity of the water flowing in the pipe is main- 
tained at a sufficiently high rate, freezing may be prevented. 

Table 11 may be used for making estimates of the thickness of insu- 
lation necessary to take care of still water in pipes at various water and 
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surrounding air temperature conditions. Because of the damage and 
service interruptions which may result from frozen water in pipes, it is 
essential that an efficient insulation be utilized. This table is based on 
the use of a material having a conductivity of 0.30. The initial water tem- 
perature is assumed to be 10 F above, and the surrounding air temperature 
60 F below the freezing point of water (temperature difference, 60 F). 

The last column of Table 11 gives the minimum quantity of water at 
initial temperature of 42 F which should be supplied every hour for each 
linear foot of pipe, in order to prevent the temperature of the water from 
being lowered to the freezing point. The weights given in this column 
should be multiplied by the total length of the exposed pipe line expressed 
in feet. As an additional factor of s^ety, and in order to provide against 

Table 11. Data for Estimating Requirements to Prevent 
Freezing of Water in Pipes with Surrounding Air at — 18 F 


Noional 

Pip* 

SiZB 

(Inchbs) 

Number of Hours to Cool 42 F Water 

TO pREEZiNa Point 

Water Flow Required at 42 F to Prevent 
F sExziNa, Pounds per Linear Foot 

OF Pn>B PER Hour 


Thickness of Insolalaon in Inches (Conduotivity, i =• 0 . 30 ) 


2 

3 

4 

2 

3 

4 

H 

0.42 

0.50 

0.57 

0.54 

0.45 

0.40 

1 

0.83 

1.02 

1.16 

0.68 

0.55 

0.48 


1.40 

1.74 

2.02 

0.84 

0.68 

0.58 

2 

1.94 

2.48 

2.90 

0.95 

0.75 

0.64 

3 

3.25 

4.27 

5.08 

1.24 

0.94 

0.79 

4 

4.55 

6.02 

7.20 

1.47 

1.11 

0.93 

5 

5.92 

7.96 

9.69 

1.73 

* 1.29 

1.06 

6 

7.35 

9.88 

12.20 

1.98 

1.46 

1.19 

8 

10.05 

13.90 

17.25 

2.46 

1.78 

1.43 

10 

13,00 

18.10 

22.70 

2.96 

2.12 

1.70 

12 

15.80 

22.20 

28.10 

3.43 

2.45 

1.93 


temporary reductions in flow occasioned by reduced pressure, it is ad- 
visable to double the rates of flow listed in the table. It must be empha- 
sized that the flow rates and periods of time designated apply only for the 
conditions stated. To estimate for other service conditions the following 
method of procedure may be used. 

If water enters the pipe at 62 F instead of 42 F, the time required to 
cool it to the freezing point will be prolonged to twice that given in the 
table, or the rate of flow of water may be reduced so that tihe quantity 
required will be one-half that shown in the last column of Table 11. 
However, if the water enters the pipe at 34 F it will be cooled to 32 F in 
onerfifth of the time given in the table. It will then be necessary to 
increase the rate of flow so that five times the specified quantity of water 
will have to be supplied in order to prevent freezing. 

If the minimum air temperature is —38 F (temperature difference 80 F) 
instead of — 18 F, the time required to cool the water to the freezing point 
will be 60/80 of the time given in the table, or the necessary quantity of 
water to be supplied will be 80/60 of that given. 

In making calculations to arrive at the values given in Table 11, the 
loss of heat stored in the insulation, the effect of a varying temperature 
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difference due to the cooling of pipe and water, and the resistance of 
the outer surface of the insulation to the transfer of heat to the air have 
all been neglected. When these factors enter into the computations it is 
necessary to enlarge the factor of safety. Also as stated, the time shown 
in the table is that required to lower the water to the freezing point. ^ A 
longer period would be required to freeze the water but the danger point 
is reached when freezing starts. The flow of water will stop and Ae entire 
line will be in danger as soon as the water freezes across the section of the 
pipe at any point. 

When water must remain stationary longer than the times designated 
in Table 11, the only safe way to insure against freezing is to install a 
steam or hot water line or to place an electric resistance heater along the 
side of the exposed water line. The heating system and the water line are 
then insulated so that the heat losses from the heating system are not 

Table 12. Thicknesses of Pipe Insulation Ordinarily Used Indoors® 


Steam Fbessttbeb 

Steam Temfebatxtbss 

TmcacMESS or Insulation 

(Lb Gage) 

OB CONDinOMS 

Degbess 

Fahbemseii 

1%^ Larger 
Than 4 In. 

Hpes 

2ln.to 

4ln. 

to In. 

0 to 25 

25 to 100 

100 to 200 

Low Superheat 

Medium Superheat 

High Superheat 

212 to 267 

267 to 338 

338 to 388 

388 to 500 

500 to 600 

600 to 700 

1 in. 
in. 

2 in. 
2}i in. 

3 in. 
3J^ in. 

1 in. 

1 in. 
in. 

2 in. 
in. 

3 in. 

1 in. 

1 in. 

1 in. 

IH in. 

2 in. 

2 in. 


aAU piping located outdoors or exposed to weather is ordinarily insulated to a thickness K iii* greater 
than shown in this table, and covered with a waterproof jacket. 


excessive, and the heating effect is concentrated against the water pipe 
where it is needed. For Ais form of protection 2 in. of an efficient insu« 
lation may be applied. 

ECONOMICAL TfflCKNESS OF PIPE INSULATION 

The thicknesses of insulation which ordinarily are used for various 
temperature conditions are given in Table 12. Where a thorough analysis 
of economic thickness is desired this may be accomplished through the 
use of the chart, Fig. 5. 

The dotted line on the chart illustrates its use in solving a t 3 ^ical 
example. In using the chart, start with the scale at the left bottom 
margin representing the given number of hours of operation per year; 
then proceed vertically to the line representing the given value of heat; 
thence horizontally to the right, to the line representing the given tem- 
perature difference; thence vertically to the fine representing the con- 
ductivity of the given material; thence horizontally, to the left, to the line 
representing the given discount on that material; thence vertically to 
the curve representing the required per cent return on the investment; 
thence horizontally to the right, to the curve representing the given pipe 
size; thence vertically to the scale at the top right margin where the 
economical thickness may be read off directly. 
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HOURS OF OPERATION PER YEAR 


(L. B. McMillan, Proc. National D%str%ct Heating Association, Vol 18, p 138). 

Fig. 5. Chart for Determining Economical Thickness of Pipe Insulation 
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UNDERGROUND PIPE INSULATION 

Underground steam distribution lines are carried in protective struc- 
tures of various types, sizes and shapes. (See Chapter 43.) Detailed data 
on commonly used forms of tunnels and conduit systems have been 
published by the National District Heating Association^. 

Pipes in tunnels are covered with sectional insulation to provide 
maximum thermal efficiency and are also finished with good mechanical 
protection in the form of metal or waterproofing membrane outer jackets. 
Conduit systems are in more general use than tunnels. Pipes carried in 
conduits may be insulated with sectional insulation ; however, the more 
usual practice is to fill the entire section of the conduit around the pipes 
with high quality, loose insulating material. The insulation must be 
kept dry at all times, and for this purpose effective waterproofing mem- 
branes enclose the insulation. A drainage system is also provided to divert 
water which may tend to enter the conduit. 

The economical thickness of insulation for underground work is difficult 
to determine accurately due to the many variables which have to be 


Table 13. Thickness of Loose Insulation for Use as 
Fill in Underground Conduit Systems 


Steam 
P fiESStTHES 
(Lb Gage) 

OB CoNDino»s 

Steam 

TEMPBBATtmBS 

Deobees 

Fahbbnhbit 

Minimum Thickness or Insulation in Inches 

Minimum 

Distance 

Between 

Steam 

AND 

Return 

Steam Lines | 

Rbtukn Lines | 

Pipes Less 
than 4 In 

Pipes 4 In. 
to 10 In. 

Pipes Larger 
than 12 In. 

Pipes Less 
than 4 In. 

Pipes 4 In. 
and Larger 

Hot Water, 








or 0 to 25 

212 to 267 

m 

2 

2H 


KM 

1 

25 to 125 

267 to 352 

2 


3 

lyi 

■M 

IM 

Above 125, or 








superheat 

352 to 500 

2M 

3 

3H 



m 


considered. As a result of theories^ previously developed, together with 
other experimental data which have been presented, the usual endeavor 
is to secure not less than 90 per cent efficiency for underground piping. 
Table 13 can be used as a guide in arriving at the minimum thickness of 
loose insulation fills to use for laying out conduit systems. Other factors 
such as the number of pipes and their combination of sizes, as well as the 
standard conduit sizes, are primary controlling factors in the amount and 
thickness of insulation for use. 

When sectional insulation is applied to lines in tunnels or conduits, 
usual practice is to apply the most efficient materials 3^ in. less in thick- 
ness than that determined by the use of Fig. 5. The data in Fig. 5 are based 
on conditions of insulation exposed to the air, whereas normal ground 
temperature is substituted for air temperature in determining the tem- 
perature difference for use with the chart when applying it for under- 
ground pipe line estimates. 


^Handbook of the National District Heating Association. Second Edition, 1932. 

^Theory of Heat Losses from Pipes Buried in the Ground, by J. R. Allen (A.S.H.V.E. Transactions, 
Vol. 26, 1920, p. 335). 
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CHAPTER 19 


^rat/ii^ furnace 


'entd 


Warm Air Leaders, Stacks, and Registers; Return Air Ducts, 
Grilles, and Shoe Connections; Outline of Design Procedure; 
Furnace Capacity 


W ARM air heating systems of the ^avity type are described in this 
chapter^, and those of the mechanical type are described in Chapter 
20. In the gravity type, the motive head producing flow depends upon 
the difference in weight between the heated air leaving the top of the 
casing and the cooled air entering the bottom of the casing, while in the 
mechanical type a fan may supply all or part of the motive head. Booster 
fans are often used in conjunction with gravity-designed systems to 
increase air circulation. 

In general, a warm-air furnace heating plant consists of a fuel-burning 
furnace or heater, enclosed in a casing of sheet metal or brick, which is 
placed in the basement of the building. The heated air, taken from the 
top or sides near the top of the furnace casing, is distributed to the 
various rooms of the building through sheet metal warm-air pipes. The 
warm-air pipes in the basement are known as leaders, and the vertical 
warm-air pipes which are run in the inside partitions of the building are 
called stacks. The heated air is finally discharged into the rooms through 
registers which are set in register boxes placed either in the floor or in 
the side wall, usually at or near the baseboard. A sectional view of a 
typical plant showing good installation practice is given in Fig. 1. 

The air supply to the furnace is usually taken entirely from inside the 
building through one or more recirculating ducts, although in some cases 
an outside air supply duct is provided. 

WARM AIR LEADERS, STACKS, AND REGISTERS 

In a gravity circulating warm-air furnace system, the size of the leader 
pipe to a given room depends upon the length of the leader and the tem- 


^The engineering data which follow are from University of Illinois, Engineering Experiment Station 
Bulletins Nos. 141, 188, 189 and 246: Warm Air Furnaces and Heatmg Systems, by A. C. WiUard, A. P. 
Kratz, V. S. Day, and S. Konzo. See also Standard Code Application Manual for Gravity Warm Air 
Heating Systems, published by the National Warm Air Heattng and Air Conditioning AssocuUion. 
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perature of the warm air entering the room at the register. For most 
successful operation, the furnace should be centrally located with respect 
to register and stack positions so that the leaders will be of uniform length 
and as short as possible, in which case the frictional resistance to air flow 
and the temperature loss from the ducts will be about the same for all runs. 



Fig. 1, A Sectional View of a Typical Plant Showing 
Good Installation Practice^ 


A. House chimney, no bends nor offsets. 

B. Top of chimney at least 2 feet above ridge of 
roof. 

C. Flue lining, fireclay. 

D. All joints air tight. 

E. At least 8 in. bnck. 

F. No other connection beside that to furnace. 

G. Cleanout frame and door, airtight. 

H. Smoke pipe, end flush with inner surface of flue. 

I. Draft door. 

J. Use flue thimble. 

L. Casing hood or bonnet, top of all leader collars 
on same leveL 

K. Casing body. 

M. Round leader, pitch 1 in, per foot. 

•(From N.W.A.H.&A..C. Assn. Standard Code A 


N. Sleeve with air space around leader where 
passing through w^. 

O. Dampers in all leaders. 

P. Transition fittings. 

Q. Rectangular wall stack. 

R. Baseboard register. 

S. Distribute pipes equally around bonnet. 

T. Floor register. 

U. Return air face. 

V. Panning under joist. 

W. Transition collar. 

X. Round return pipe. 

Y. Transition shoe. 

Z. Top of shoe at casing not above grate level. 


Manual). 


In the Standard Code for Installation of Gravity Warm Air Heating 
Systems, the design was originally based on the heat carrying capacities 
per square inch of leader pipe area, as shown in Table 1, These values 
were based on register air temperatures of 175 F. In a recent revision of 
the entire design procedure, as outlined in the section entitled Outline of 
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Design Procedure^ the carrying capacities of leader pipes have been ex- 
pressed directly in terms of Btu per hour. 

In residences requiring a total leader pipe area of less than about 
650 sq in., it is advisable to use two or more leader pipes to rooms requiring 
more than the capacity of a 12 in. round pipe. The tops of all sizes of 
leader pipes should be cut into the furnace bonnet at the same elevation, 
and from this point there should be a uniform upgrade of at least 1 in. 
per foot of run. Leaders over 12 ft in length, or having a large number of 
elbow fittings should be avoided if possible. In cases where such leaders 
are necessary, it is recommended that smooth transition fittings be used, 
and that duct insulation be applied. Asbestos paper, unless of the 
corrugated type, should not be considered as insulation. To assist in 
balancing the air distribution of the system, a damper should be placed 


Table 1. Former Method of Expressing Leader Pipe Carrying Capacities 


Register Location 

Carrying Capacity of Each Square Inch of Leader 
Pipe for 175 F Register Temperature, in 

Btu per Hour 

First Story 

105a 111 b 

170 a 166 b 

208 ® 200 b 

vSt-nry 

Third St nry _ _ . 



•Actual capacity. i>Used for average calculations. 


in each leader pipe except one, this latter leader preferably being con- 
nected to a room heated at all times, such as a living room. 

In a gravity circulating system, the ratio of stack to leader area is 
quite important, although little is gained by providing wall stacks with 
areas in excess of 75 per cent of their connected leader pipe area. In 
most cases a 334 ini- X 12 in. stack is the largest which can be installed 
in normal wall construction. Hence, any room having a heat loss much 
in excess of 9000 Btu per hour, will require two or more stacks, or one 
oversized stack built into a 6 in. studding space, providing the design 
register temperature is to be retained at the value of 175 F as recommended. 

Registers used for discharging warm air into rooms should have a net 
area not less than the area of the leader pipe to which the register is 
attached. First story registers should be connected through boot and 
register box extensions having areas at least equal to leader areas. Upper 
story registers should be of the same width as the wall stack, and should 
be placed either in the baseboard or sidewall, preferably without offsets. 
First story registers may be of the baseboard or floor type, with the 
former location preferred. High sidewall locations for warm-air registers 
in gravity systems deliver a greater quantity of warm air into the room 
than do baseboard registers, but most of the additional air merely results 
in high temperatures at the ceiling. 

RETURN AIR DUCTS, GRILLES, AND SHOE CONNECTIONS 

The ducts through which air is returned to the furnace should be 
designed to minimize resistance to air flow. They should be of ample 
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area, in excess of the total area of warm-air pipes, and should be stream- 
lined. Horizontal ducts should pitch at least 3^ in. per foot downward 
toward the furnace, avoiding fittings which would require lifting of the 
return air after the duct has passed under some obstacle. 

The return air grilles should have free areas at least equal to the ducts 
to which they connect. These return air grilles should be installed in the 
floor, or in the baseboard with the top edge of the grille not more than 
about 8 in. above the floor line. Frictional resistance in the return air 
system is as detrimental to proper performance as is resistance in the 
warm-air system, so that care should be exercised in locating return air 
grilles which require long return ducts. 

The placement and number of return grilles will depend upon the size, 
details, and exposure of the house. Small compactly built houses may be 
adequately served by a single return grille effectively placed in the central 
hall. It is usually desirable to have two or more returns, provided that 




Fig. 2. 



Typical Boots 



in two-story residences one return is placed to effectively receive the 
return air at the foot of the stairs. A return air connection must be 
carried to any heated room whose floor level is below that of adjacent 
rooms. 

Where a divided system of two or more returns is used, the grilles must 
be placed to serve the maximum area of cold wall or windows. Thus, in 
rooms having only small windows the grille can be brought as close to 
the furnace as possible, but if the room has large window exposure the 
grille should be located near the exposure. If long ducts are used in 
parallel with short return ducts, the frictional resistance of the long ducts 
must be reduced to compensate for the length. Return ducts from up- 
stairs rooms may be necessary in spaces which are closed off from the 
rest of the house or which have much outdoor exposure. Return grilles 
on different floor levels should not be connected to the same vertical 
return duct. 

Ducts returning air to the furnace should avoid heat sources which 
tend to reheat the return air. If the duct must be run over the top of the 
furnace, or above the vent pipe from the furnace, insulation should be 
interposed between the heat source and the duct. 

Circulation of air is facilitated if the air can slide down a pipe inclined 
at approximately 45 degrees and into a furnace shoe connection having a 
cross-sectional area equal to that of the pipe. The top of the return shoe 
should enter the casing below the level of the grate in the case of a coal 
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Table 2. First Story Warm-Air Ducts^ 


Unit 

No. 

Leader Pipe 
Diameter, In. 

Register Size, In. 

Floor 

Baseboard 

Size 

Extension 

1 

8 

8x 10 

10 X 8 

2K 

2 

9 

9x 12 

12 X 8 

2M 

3 

10 

lOx 12 

12 X 9 

3K 

4 1 

12 

12x 14 

13x 11 

5K 

5 

14 

14 X 16 




Table 3. Second Story Warm- Air Ducts — Single Wall Stacks and Fittings 


Unit 

No. 

Leader 

Pipe 

Diameter, 

In. 

Stack** 

Size 

In. 

Register Size, In. 

Floor 

Baseboard 

Sidewall 

Size 

Extension 

11 

8 

lOxSJi 

8x10 

10 X 8 

2H 


12 

9 

12x3Ji 

8x 12 

12 X 8 

2H 

12x8 

13 

9 

13x3Ji 

8x 14 

12 X 8 

2H 

12x8 

14 

10 

14x3M 

8x 14 

12 X 8 

2H 

12x8 

15 

12 

12 X 6M 


12 X 10 

3j| 


16 

12 

Ux5H 

— 

13x 11 

3M 



Table 4. Sepond Story Warm-Air Ducts — Double Wall Stacks and Fittings 


Unit 

No. 

Leader 

Pipe 

Diameter, 

In. 

Stack Size, In. 

Register Size, In. 

Floor 

Baseboard 

Sidewall 

Internal 

External 

Size 

Extension 

21 

8 

2 X 10 


8x 10 

10 X 8 

2}^ 

10x8 

22 

8 

3 X 10 

3^ xlOH 

8x 10 

10x8 

2Ji 

10x8 

23 

9 

2J4CX 12 

3^= X 12^ 

8x 12 

12x8 

2}i 

12x8 

24 

9 

3 X 12 

SH xl2?^ 

1 

8x 12 

12x8 

2H 

12x8 


•When the calculations indicate a requirement for a given room greater than Unit No. 4, two or more 
smaller units totalling the required capacity are recommended. 

^Recommended stack sizes. Tables may also be apphed to 3 in. and 3)4 in- stack depths. 

^Commercial sizes vary H from values shown. 

furnace, and not more than 14 in. above the floor in the case of oil or gas 
furnaces. In order to accomplish this the shoe is made wide. 

OUTUNE OF DESIGN PROCEDURE 

The data underlying the design procedure are given in detail in a circular^ 
issued by the University of Illinois. In this procedure the design of the 
warm-air duct system is considered as an entire unit, so that for a given 
heat loss the sizes of leaders, stacks, boots, stackheads, and registers are 


^Simplified Procedure for Sdecting Capacities of Duct Systems for Gravity Warm-Air Heating Plants* 
by A. P. Kratz and S. Konzo {University of lUtnois, Engineering Experimental Station CirctUar 45, Dec., 
1942). 
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Table 5. Return Air Ducts 


Unit 

No. 

Duct 

Dia. 

In. 

1 

Area AT 
Shoe Con- 
nection, 
Sq In, 

Metal Grille Sizes 

When Joist Lining 
IS USEDd 

When Duct is 
Used 

Choose One 

No. of 
Joists 
Lined 

Minimum® 

Uepth, 

In. 

Choose One 

A 

B 

c 

31 

10 



8x14 

10x12 

1 

7 

14 X 6 

12x 8 

32 

12 


6x30 

8x24 

12x14 

1 

9 

22x 6 

16 X 8 

33 

14 

170 

8x30 

10x24 

14x16 

1 

12 

28x 6 

22x 8 

34 

16 

220 

10x30 

12x24 


2 

8 

28x 8 

22x10 

35 

18 

280 

12x30 

14x24 


2 

10 

36x 8 

28x10 

36 

20 

340 

14x30 

18x24 


2 

12.5 

36x10 

30x12 

37 

22 j 

420 

18x30 



2 

15.0 

42x10 

36x12 







3 

10.0 

42x10 

36x12 

38 

24 

500 

20x30 



2 

18.0 

42x12 

36x14 







3 

12.0 

42x12 

36x14 


dBased on, 14 in. space between joists. 

«Use fuU depth of joist except when joist depth is less than minimum depth required, when pan must 
be used. 


all correlated. Similarly in the case of return ducts, the selection specifies 
a complete unit consisting of return grille, return duct, and shoe connection. 

Recommended Standard Sizes 

For the purpose of simplification and standardization, selected com- 
binations of commercial sizes of warm air pipes, return air pipes, ducts, 
grilles, fittings, and registers are designated as units. The unit numbers 
assigned and the combinations selected as standard are listed in the 
following tables’*: 

Table 2 — Units 1 to 5 — ^First Story Warm Air Ducts and Registers. 

Table 3 — Units 11 to 16 — ^Second Story Warm Air Ducts, Single Wall Stacks, Fit- 
tings, and Registers, 

Table 4 — Units 21 to 24 — ^Second Story Warm Air Ducts, Double Wall Stacks, 
Fittings, and Registers. 

Table 5 — ^Units 31 to 38 — Returns Air Ducts, Fittings, and Grilles. 

The selected types of boots are shown in Fig. 2. It is essential that 
free areas be maintained throughout fittings. 

The selected types of return air ducts and fittings are shown in Fig. 3. 

Carrying Capacity 

The Btu carrying capacities of the selected units of warm air and return 
air combinations are shown in Tables 6, 7 and 8: 

Table 6 — Units 1 to 5 — ^Warm Air Carrying Capacities to first story registers with 
1 to 5 dbows and with leaders 4 to 24 ft long. 

Table 7 — Units 11 to 16 and 21 to 24 — Warm Air Carrying Capacities to second story 
registers with 1 to 5 elbows and with leaders 4 to 24 ft long. 

Table 8 — Units 31 to 38 — Return Air Carrying Capacities for types A, B, C, D and E 
return combinations. 

^standard Code Application Manual for Gravity Warm Air Heating Systems, First Edition, 1941, 
National Warm Air Heating and Air CondtUoning Assoaaiioru 
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Design Procedure 

The steps to be taken in designing a gravity warm air duct system are: 

1. Calculate the heat loss from each room as explained in Chapters 4, 5 and 6. 

2. Prepare a layout showing (a) furnace, (b) chimney connection, (c) warm air 
registers (whether floor, base board or wall), (d) return air grilles, 

3. Indicate on each warm air run (using symbols shown in Fig. 4). (a) whether the 

room to be heated is on the first or second story, (b) the approximate length of leader 



Fig. 3. Return Air Combinations^ 

Notes: 

Type A return air is direct from grille to casing, using transition collar and transition type C, A shoe 
Type B same as A , but without transition fittings (capacity for same size grille and pipe ^ per cent of A) . 
Type C uses joist space or square duct and transition fittings (capaaty for same size grille and pipe 
84 per cent of A). 

Type D same as C, but without transition fittings (capacity for same size grille and pipe 69 per cent of A) . 
Type E uses both joist space and square duct, without transition fittings (capacity for same size grille 
and pipe 44 per cent of A). 


pipe in the basement, (c) the number of right angle elbows required, including the elbow 
at the boot connection. (Consider each 45 deg elbow as equal to of ^ deg elbow, 
consider the two sharp 90 deg elbows in a cross-over connection as equivalent to three 
90 deg elbows), (d) whether the register is to be located in the floor, in the baseboard, 
or in the wall. 

4. Show the number and proposed locations of return air grilles and the type of 
return air system (see Fig. 3), 

5. From Table 6, for first story, or from Table 7 for second story, select the unit 
number for the warm air system which will supply the heat required to each room, with 
the number of elbows and length of leader pipe previously determined. Then, using the 
unit number as found, read directly in Tables 2, 3, or 4 the leader, stack, and register 
sizes required. 

6. From Table 8 select the unit number for the return air system to correspond with 
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•Table 6 applies to baseboard and floor locations of warm air registers. 

*>Consider each 46 deg elbow as equal to one-half of a 90 deg elbow. 

®Consider each 90 deg offset between boot and stackhead equal to one 90 deg round elbow. 




Table 7. Warm Air Carrying Capacity, Btu Delivered, Second Story Registers^*^*^'^ 
Length of Leader Pipe — in Feet 
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Table 8. Return Air — Carrying Capacity — Btu Serviced 


Unit 

Type A 

Types B and C 

Type D 

Type E 

No. 

Btu per Hour 

Btu per Hour 

Btu per Hour 

Btu per Hour 

31 

11,300 

9,500 

7,800 

5,000 

32 

16,300 

13,700 

11,300 

7,200 

33 

22,200 

18,700 

15,300 

9,800 

34 


24,400 


12,800 

35 

36,700 


25,300 

16,200 

36 

45,300 

38.000 

31,300 

20,000 

37 

54,800 


37,800 

24,100 

38 

65,200 

54,800 

45,000 

28,700 


the Btu serviced and the type of return air system. Then from Table 5 select the duct 
and grille sizes, etc., corresponding to the same unit number. 

7. Select a furnace having a capacity rating, in Btu per hour, equal to the total heat 
loss from the structure. 

Examples 

Examples 1 and 2 will illustrate the use of the tables in selecting warm 
air and return system sizes. 

Example 1, For a room which has a heat loss of 22,500 Btu per horn* select the size 
of first story warm air system. There are three elbows and the leader is approximately 
10 ft long. 

Solution: Since 22,500 Btu is beyond the capacities shown in Table 6, it is necessary 
to select two units of 11,250 each. From Table 6 in 10 ft leader column and in section 
for three elbows find 11,400 as nearest capacity which corresponds to Unit No. 4 in 
first column. Refer to Unit No. 4 in Table 2 and find that the leader should be 12 in. 
in diameter and should be used with a 12 x 14 in. floor register or a 13 x 11 in. baseboard 
register with a 5}^ in. extension. 

Example 2. What is the size of a return system of Type D which is to service 35,000 
Btu per hour? 

Solution: From Table 8 find Unit No. 37 which will service 37,800 Btu per hour. 
Refer to Table 5 to find that Unit No, 37 will require a 22-in. diameter duct, a shoe area 
of 420 sq in., a metal grille 18 x 30 in., a duct 42 x 10 in. or 36 x 12 in. If joist lining is 
used the minimum depth should be 15 in. for two 2-joist spaces 14 in. wide, or 10 in. 
for three joist spaces. 

FURNACE CAPACITY 

The size of the furnace should be such as will provide the necessary air 
heating capacity. In the case of gas, oil, and some coal furnaces, the 



SrMBOLS 

FIRST FL WA 
SECOND FL WA 
FIRST FL RA 
\Z^*<Z\ SECOND FL R A 
WA REGISTER 
J— w— R A GRILL 

BD BASE BOARD REG 

WR WALL REG 

FR FLOOR REG 

RA RA GRILL 

S P SMOKE PIPE 
FL FLUE 


Fig. 4. Typical Basement Line Drawing 
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capacity of the unit may be expressed in Btu per hour at the furnace 
bonnet, and this value reduced by 25 per cent should equal or exceed the 
entire heat load of the building due to heat loss, as well as outside air 
introduction, or other loads. In the case of most coal furnaces, the 
capacity is expressed in square inches of leader pipe area, which when 



Fig. 5. Typical Performance Curves for a Warm- Air Furnace and Installation 
IN A Three-Story Ten Leader Plant, Operating on Recirculated Air 


multiplied by 136 Btu per square inch, indicates the heat delivery at the 
register. The latter figure should equal or exceed the heat loss figure. 

The register delivery of a gravity coal-fired furnace may be established 
by the following equations : 

„ GXp XfX El X E2X 0.866 [1 -h 0.02 (i?-20)] 

H = 144 ( 1 ) 

in which: 


G — grate area, square inch. 

p = combustion rate, pounds coal per square foot of grate per hour. 
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Fig. 6. Details of Furnace Bonnet, Casing, and Foundation 
(From Standard Code Application Manual) 

/ = heating value of the coal, Btu per pound. 

El = efficiency at bonnet, ratio of heat delivered at bonnet to heat developed in 
furnace. 

E 2 efficiency of duct transmission, ratio of heat delivered at register. to heat 
delivered at bonnet. 

0.866 = factor of safety to allow for contingencies under service conditions such as 
accumulations of soot and ashes, ineffective firing methods, etc. 

H — total heat loss from structure. 

R — ratio of heating surface to grate area. 

The preceding empirical formula provides a 2 per cent increase in furnace 
capacity for each unit of value whereby the ratio of actual heating surface 
to grate area exceeds 20. This addition is based on tests conducted at 
the University of Illinois on seven types of furnaces having varying ratios 
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Fig. 7. Details of Bonnet and Leader of Gravity Warm- Air Furnace 
(From Standard Code Application Manual) 
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of heating surface to grate area. Neither this correction, nor the Standard 
Code^ Ratings,- apply to values of the ratio less than 15 and greater 
than 30. 

Fig. 6 represents Laboratory data on a typical furnace, illustrating the 
fact that for a given register temperature, each furnace will have a 
definite capacity and efficiency, and will require a certain chimney draft 
to draw the air for combustion through the fuel bed. Test data gathered 
on the basis of the register design temperature of 175 F, permit rear- 
ranging the formula for Equation 1 into the following form: 

144 X H 

^ “ 7.5 X 12,790 X 0.55 X 0.75 X 0.866 [1 + 0.02 (ii-20)] 


G = 0.004205 


H 

[1 + 0.02 (JJ-20)] 


(3) 


As used in Equations 2 and 3, H equals the hourly heat loss of the entire 
building, in Btu per hour, including the heat required to warm any 
outdoor air introduced through a fresh air duct. 

Figs. 6 and 7 show recommended practice as given in the N,W,A.H, 
Assn. Standard Code Application Manual. 


^standard Gravity Code for the Design and Installation of Gravity Warm Air Heating Systems in 
Residences. This code has been sponsored by the National Warm Atr Beating and Air Conditioning Associ- 
ation, the National Association of Sheet Metal Contractors, and the American Society of Heating and 
Ventilating Engineers. It is recommended that the installation of all gravity warm-air heating systems 
In residences be governed by the provisions of this code, the eleventh edition of which may be obtained from 
the National Warm Air Beating and Air Conditioning Association, 
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CHAPTER 20 


Week anica i Warm ^ir furnace 


emd 


Furnaces, Fans and Motors, Filters, Air Distribution, Auto~ 
matic Controls, Design of Heating System, Selecting the 
Furnace, Selecting the Fan, Heavy Duty Fan Furnaces, Hu~ 
midiBcation, Cooling Methods, Cooling System Design 


I N mechanical warm air or fan furnace heating systems^, the air circu- 
lation is effected by motor-driven fans instead of by the difference in 
weight between the heated air leaving the top of the casing and the cooled 
air entering the bottom, as in gravity systems described in Chapter 19. 
The advantages of mechanical systems, as compared with gravity systems, 
are: 


1. The furnace need not be centrally located but .may be placed in any part of the 
basement. 

2. Basement distribution piping can be made smaller and can be so installed as to 
give full head room in all parts of the average basement, or be completely concealed 
from view where desired. 

3. Circulation of air is positive, and in a properly designed system can be balanced in 
such a way as to give a greater uniformity of temperature distribution. 

4. Humidity control is more readily attained. 

5. The air may be cleaned by sprays or filters, or both. 

6. The fan and duct equipment may be utilized for a complete cooling and dehumidi- 
fying system for summer, using either ice, mechanical refrigeration, or low temperature 
water for cooling and dehumidifying, or adsorbers for dehumidifying, 

7. The use of the fan increases the volume of air which can be handled, thereby 
increasing the rate of heat extraction from a given amount of heating surface and 
insuring sufficient air volume to obtain proper distribution in a large room. 

8. Ventilation air may be positively introduced and heated. 

FURNACES 

Cast-iron furnaces are usually made in sections and are assembled and 
cemented or bolted together on the job. Steel furnaces are made with 
welded or riveted seams. The proper design of the furnace depends 
largely on the kind of fuel to be burned, and special units are being made 


^SpedficationB for the furnace unit and the installed duct system are shown in The Yardstick for the 
Evaluation of a Forced Warm Air Heathy System and in Winter Air Conditioning — ^Forced Warm Air 
Heating, by S. Konzo, published by National Warm Air Heating and Air Conditioning Association^ 145 
Public ^uare, Cleveland, Ohio, 
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for the use of coal, oil and gas. Each type of fuel requires a distinct type 
of furnace for highest efficiency and economy, substantially as listed 
herewith : 

1. Coal Burning: 

a. Bituminous — Large combustion space with easily accessible secondary radiator 
or flue travel. 

h. Anthracite or coke — Large firebox capacity and liberal secondary heating surfaces. 

c. Stoker firing — ^Adequate firebox height, liberal heating surface. 

2. Oil Burning: 

a. Liberal combustion space. 

h. Long fire travel and extensive heating surface. 

3. Gas Burning: 

a. Low flue resistance. 

h. Extensive heating surface. 

c. Close contact between combustion products and heating surface. 

A combustion rate of from 5 to 8 lb of coal per square foot of grate per 
hour is recommended for residential furnaces. A higher combustion rate 
is permissible with larger furnaces for buildings other than residences, 
depending upon the ratio of grate surface to heating surface, firing period, 
and available draft. 

In residential furnaces for coal burning, the ratio of heating surface to 
grate area will average about 20 to 1 ; in commercial sizes it may run as 
high as 50 to 1, depending on fuel and draft. Furnaces may be installed 
singly, each furnace with its own fan, or in batteries of any number of 
furnaces, using one or more fans. 

Where oil fuel is used, care must be exercised in selecting the proper size 
and type of burner for the particular size and type of furnace used. The 
systems are usually designed for blow-through installations so that the 
furnace is under external pressure. The National Warm Air Heating and 
Air Conditioning Association has adopted a Tentative Code for Testing 
and Rating of Oil-Fired Furnaces. Compact fan-fumace-burner units 
are available, suitable for basement, closet, or even attic installations. 

Gas fired forced air furnaces should conform in construction and per- 
formance to A.S.A. Approval Requirements^. 

Furnace Casings 

Casings are usually constructed of galvanized iron or fireproof insulating 
boards, but they may also be constructed of brick. Galvanized iron 
casings should be lined with sheet iron liners, extending from the grate 
level to the top of the furnace and spaced from 1 in. to in. from the 
outer casing. Casings for commercial or heavy duty furnaces, if built of 
galvanized iron, should be insulated with fireproof insulating material at 
least 2 in. thick. In general, either brick or sheet metal casing should be 
equipped with bcifHes to secure impingement of the air to be heated against 
the heating surfaces. Brick furnace casings should be supplied with 
access doors for inspection. 


^American Standard Approval Requirements for Central Heating Gas Appliances Z 21.13 — 1943. 
{American Standards Association). 
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Where a fan is to be used with a furnace casing sized for gravity air 
flow, some form of baffling must be employed to restrict the free area 
within the casing and to force impingement of the air against the heating 
surfaces. Where square casings are used, the corners must be baffled. 

The hood or bonnet of the casing above the furnace should be as high 
as basement conditions will allow, to form a plenum chamber over the top 
of the furnace. This tends to equalize the pressure and temperature of the 
air leaving the bonnet through the various openings. It is generally con- 
sidered advisable to take off the warm air pipes from the side of the bonnet 
near the top, as this method of take-off allows the use of a higher bonnet 
and thus provides a larger plenum chamber. 

FANS AND MOTORS 

Centrifugal fans are the type most commonly used, and these may be 
equipped with either backward or forward curved blades. Motors may 
be mounted on the fan shaft or outside of the fan for belt drive. Adjust- 
able pulleys are desirable to provide a factor of safety and to allow for 
increased air circulation, provided the motor is adequate to carry the 
load imposed at mciximum fan speed. Two-speed motors have given 
successful operating results and are recommended. 

Special attention should be given to the problem of noise elimination. 
The metal duct connection to and from the furnace casing and fan housing 
should be broken by strips of canvas. Motors and their mountings must 
be carefully selected for quiet operation. Electrical conduit and water 
piping must not be fastened to, nor make contact with fan housing. The 
installation of a fan directly under a cold air grille is usually not recom- 
mended. (See also Chapter 33.) 

FILTERS 

Several types of filters are available for mechanical warm air furnace 
applications and are discussed in Chapter 29. For maximum efficiency 
and life under operating conditions, filters should not be subjected to a 
temperature in excess of 150 F. Filters should have at least 80 per cent 
average efficiency on an 8 hr test. Filter resistance rises rapidly with the 
accumulation of dirt, and may reduce the air circulation over heating 
surfaces. 

For domestic furnaces, the maximum velocity should not exceed 
300 fpm based on nominal filter area. 

AIR DISTRIBUTION 

The conditions of comfort obtained in a room are greatly influenced 
by the type of register used and the locations of the supply registers and 
return grilles. In general it has been found that changes in the type, air 
velocity, and location of the supply register affect the room conditions 
much more than the changes in the location of the return grilles. One 
method is to locate the supply register near the floor so that the warm air 
from the register blankets a cold wall, and mixes with the cold air dropping 
off from the exposed walls and glass. Another method is to locate the 
supply openings near the floor on the inside wall and the return openings 
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near the greatest outside exposure. Tests in the Warm Air Research 
Residence® have indicated that continuous fan operation provided better 
results than intermittent fan operation. 

Register and Grille Openings 

Supply registers located in the floor require attention to keep them clean 
and are usually avoided. 

Tests conducted in the Warm Air Research Residence^ have indicated 
that comparable results are obtainable with either high side wall or base- 
board registers, providing proper registers and air velocities are selected. 
Baseboard registers should be of a deflecting-diffuser type which throw 
the air downward toward the floor and diffuse it at the same time. For 
baseboard registers air temperatures under 125 F and air velocities over 
500 fpm should be avoided as they may cause drafts. 

High side wall registers must be of such type that the air is delivered 
horizontally or in a slightly downward direction, and must be so located 
as to avoid impingement of air on ceiling or wall. Directional flow 
diffusing type should be used to insure best results. Register air velocities 
should be such that the air stream carries to the opposite exposure. 
Velocities under 500 fpm are not recommended. In general better air 
and temperature distribution is obtainable by using baseboard registers 
for heating and high side wall registers for cooling. 

Registers should be well proportioned and decorated to harmonize with 
the trim. Air supply registers should be equipped with dampers and all 
registers should be sealed against leakage around the borders or margins. 
The register sizes shown in Table 1 have been recommended as standard 
by the National Warm Air Heating and Air Conditioning Association, 


Table 1. Recommended Register Sizes 


Warm Air Registers, In. 

Sidewall and Baseboard Types 

Return Air Grilles or Intakes, In. 
Sidewall and Baseboard Types 

8x4 

10x4 

10x5 

8x6 

10x6 

10x8 

8x4 

10x4 

10 X 5 

8x6 

10x6 

10x8 

12 X 4 
14x4 

12x5 

14x5 

12x6 

14x6 

12x8 

14x8 

12x4 

14x4 

12 X 5 
14x5 

12x6 
14 X 6 

12x8 

14x8 





24x4 

30x4 

24x5 

30x5 

24x6 

30x6 



Velocities through registers may be reduced by the use of registers 
larger than the connecting ducts. Diffusers should be used to spread the 
air uniformly over the register face. 

Return air grilles may be located in hallways, near entrance doors, 
under windows, in exposed comers, or inside walls, depending on location 
of supply registers. Baseboard returns are preferable to floor grilles. 


^Performance of a Forced Warm-Air Heating System as Affected by Changes in Volume and Tempera- 
ture of Air Recirculated, by A. P. Kratz and S. Konzo (A.S.H.V.E. Transactions, Vol. 48, 1942, p. 393). 
^Loc. Cit Note 3. 
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Dampers 

Suitable dampers for air direction or volume control are essential to any 
trunk or individual duct system. Special care must be used in the design 
of any system to avoid turbulence and to minimize resistance. Sharp 
elbows, angles, and offsets should be avoided. Three types of dampers 
are commonly used. Volume dampers are used to completely cut off or 
reduce the flow through pipes. Splitter dampers are used where a branch 
is taken off from a main trunk. Squeeze dampers are used for adjusting 
the volume of air flow and resistance through a given duct. It is essential 
that a damper with positive locking device be provided for each main 
or duct branch. Labels placed on ducts should indicate the room being 
served. Damper positions should be marked for summer and winter 
operation, and to avoid tampering. 

Ducis 

The ducts may be either round or rectangular in cross section. The 
radii of elbows should preferably be not less than one and one-half times 
the pipe diameter for round pipes, or the equivalent round pipe size in the 
case of rectangular ducts. Warm air ducts passing through cold spaces, 
or where located in exposed walls, should have to 2 in. of insulation. 

AUTOMATIC CONTROLS 

Air stratification, high bonnet temperatures, excessive flue gas tem- 
peratures, and heat overrun or lag in a properly desired system can be 
largely eliminated through proper care in the planning and installation 
of the control system®. 

Controls which are considered desirable for this system are: 

1. A thermostat located in a living room where maximum fluctuation in temperature 
can be expected, in order to secure frequent operation of fans, drafts, and burners. 
The thermostat location should not be on an outside wall, in a bed room, bath room or 
sun room, or in a location where it will be affected by direct radiant heat from the sun 
or from a fireplace, or by direct heat from any warm air duct, register or chimney. 

2. Kfan swit(^h control located in the bonnet to start blower operations at tempera- 
tures between 120 and 150 F, and to stop the blower at about 25 to 30 F below the cut-in 
point. The lower settings are used for high side wall register installations, and the higher 
settings for baseboard register installations. For most satisfactory results these settings 
should be as low as is feasible. 

3. A protective high limit control located in the bonnet to stop the system independently 
of the thermostat if the bonnet temperature exceeds 200 F. 

4. On oil and gas burner installations, a protective control should be included which 
will stop the system if the fire is extinguished or if there is a failure of the ignition system. 

5. On automatic stoker installations, a control is usually included which will start 
the operation regardless of thermostat settings whenever the bonnet temperature 
indicates that the fire is dying, or a time interval contactor is used that will start the 
stoker to run a few minutes out of each .hour. 

6. A humidistat to regulate the moisture supplied to the rooms, located either in one 
of the rooms or in the main return duct near the furnace. 


•Automatic Controls for Forced-Air Heating Systems, by S. Konzo and A. F. Hubbard (A.S.H.V.E. 
Transactions. Vol. 40, 1934, p. 3^. 
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METHOD OF DESIGNING FORCED-AIR HEATING SYSTEMS^ 

1. Determine heat loss from each room in Btu per hour. (See Chapter 6.) 

2. Locate warm air registers and return registers on plans of house, beginning with 
the upper story rooms. 

3. Sketch in duct layout to connect all registers and grilles with the central unit. 

4. Determine equivalent length of duct for each register, allowing at least 10 diameters 
of straight pipe as equivalent to each 90 deg elbow having an inner radius not less than 
the diameter of the round pipe or the depth of the rectangular pipe. 

5. Select a value for temperature of the air at the furnace bonnet. It is customary 
to use some value between 145 to 165 F. Use lower value if larger number of air recircu- 


Table 2. Factors Corresponding to Register Temperature for Equation 2 


Register Temperature 

Deg F 

- , _ 

Factor 

110 

0.0221 

120 

0.0184 

130 

0.0158 

140 

0.0140 

150 

0.0125 

160 

0.0114 

170 

0.0105 


lations is desired. The number of air recirculations should range from three to eight 
per hour. 

6. Determine approximate value of temperature reduction in each duct caused by 
heat loss from the ducts. A value of frorn^ 0.3 to 0.6 F per foot of duct has been obtained 
from tests conducted in the Research Residence installation for uninsulated duct lengths 
up to approximately 60 ft. 

7. Subtract this temperature reduction from the assumed bonnet air temperature 
to obtain an approximate value of the register air temperature for each register. 

8. Determine the required air volume for each room from Equation 1, or from the 
values listed in Table 2: 

jj 

^ 60 X 0.24 X d (fe - 65) 

where 

Q = required air volume, cubic feet per minute. 

H = heat loss of room, Btu per hour. 

d = density of air at register temperature, pounds per cubic foot. 

h = register temperature, degrees Fahrenheit. 

0.24 — specific heat of air. 

65 = return air temperature, degrees Fahrenheit. 

For any given register temperature the solution of this equation simplifies to: 

Q = H X Factor (2) 

in which the values of the Factor may be obtained from Table 2, 

9. Determine register size from the air volume delivered to each room: 

Gross area of register, square feet == (3) 


fiTechnical Code. Fourth Edition, January 1, 1942, published by the National Warm Air Heating and 
Air Conditioning Association, 145 Public Square, Clevdand, Ohio. 
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where 

Q = required air volume, cubic feet per minute. 

V = velocity at register face, feet per minute. 

R = ratio of free area to gross area of register. 

Allowable register velocities to be used in Equation 3 are given in Table 3. 

In residential applications it is not advisable to handle more than 150 cfm through 
any single register. 

10. Duct systems for forced-air installations may consist of either trunk systems or 
individual duct systems. 

Trunk Systems,^ Determine duct sizes and friction losses as outlined in Chapter 32, 
except that for residence applications the velocities in the main duct and in the various 
parts of the system should approximate the values recommended in Table 3. 

Individual Duct Systems, An individual duct S 5 rstem is one having separate ducts 
extending from the heating unit to each register. In designing such a system select first 
the duct having the greatest equivalent length. Select a reasonable velocity using Table 


Table 3. Approximate Design Velocities through Ducts and Registers 


Descmption 

1 

Low Velocity 
System 
(fpm) 

Medium Velocity 
System 
(ppm) 

High Veloctty 
System 
(ppm) 

Main ducts 



1000 

Branch ducts.- 



750 

Wall stacks 



600 

Baseboard registers (Down deflecting) 



500 

Wall registers above 5 ft (min.) 


550 

600 


3 as a guide. From friction chart in Chapter 32 determine unit friction loss per 100 ft of 
run, and from this the total friction loss in the duct selected. If this total friction loss 
exceeds a reasonable value a lower velocity should be used. 

The remaining ducts are proportioned so that the total procure in each duct is the 
same as that calculated for the longest duct. The added resistance necessary in the 
shorter ducts is accomplished by increasing the velocity in these ducts. No duct should 
be less than 6 in. in diameter, nor should the velocity in any duct exceed approximately 
1200 fpm. The final adjustment in a duct system may be made by employing dampers. 

Instead of proportioning the ducts as outlined in the preceding paragraph it is more 
usual in practice to proportion all the ducts so that they have the same velocity as that 
used in the longest duct and to balance the system by employing dampers in the shorter 
ducts. 

Return duct systems are designed making use of the same principles as those used in 
the design of supply duct systems. In this case the design may be based on the volume 
of air corresponding to the' density of air existing in the return ducts, or in order to provide 
a factor for air leakage, it may be based on the same volume as used for the supply ducts. 

11. Determine frictional resistance in: 

a. Supply side of system as outlined in Item 10. 

h. Return side of system as outlined in Item 10. 

c. Furnace units, casing or hood, which is usually considered as equivalent to 0.03 
to 0.10 in. of water. 

d. Accessories such as washers or air filters, from manufacturer's data. 

e. Inlet and outlet registers and grilles^. 

/. Other accessory equipment such as cooling coils, from manufacturer's data. 


^Pressure Losses in Registers and Stockheads in Forced Warm Air Heating, by A. P. Kratz and S. Konzo 
(Unuersity of Illinois, Engineering Experiment Station Bulletin No. 342). 
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^ The requirements in the Tentative Code for Testing Oil-Fired Fan-Furnace Units 
give static pressure loss requirements, external to the units as: 

0 to 800 cfm = 0.12 in. 

800 to 1600 cfm — 0.20 in. 

1600 to 3000 cfm = 0.24 in. 

3000 to 6000 cfm = 0.30 in. 

Choose a fan which, according to its manufacturer's rating, is capable of delivering a 
volume of air, expressed in cubic feet per minute, against a frictional resistance, expressed 
in inches of water, computed by adding together the items listed in the preceding discus- 
sion. In practice it is recommended that liberal allowances should be made so that the 
fan will be capable of delivering air against pressures that may not have been foreseen' 
during the design of the duct system. 

12. Select a furnace capable of delivering heat at the register outlets equal to the 
total heat loss of the structure to be heated. Equation 4 may be used for coal burning 
furnaces; 

^ “ f X /> X £i X [1 + 0.02 (J? - 20)] 

where 

G = required grate area, square feet. 

H = total heat loss from building, Btu per hour. 

/ =* calorific value of coal, Btu per pound. 

P = combustion rate, pounds of fuel per square foot of grate per hour. 

El = furnace efficiency based on heat available at bonnet. 

E 2 — efficiency of transmission based on ratio of heat delivered at register to heat 
available at bonnet. 

R = ratio of heating surface to grate area. 


Equation 4 is not applicable to ratios less than 15 to 1. Higher ratios as a rule provide 
lower flue gas temperatures and higher efficiencies. In practice it is customary to use 
these constants: f = 12,000 (for specific values, see Table 5, Chapter p 7.5 lb; 
El = 0.65 (lov^er efficiency must be used with highly volatile solid fuel) ; and Eg — 0.85. 

The foregoing procedure for determining the size of the furnace to be used applies 
to continuously heated buildings. 

13. Although intermittently heated buildings usually have their heat losses computed 
according to the standard rules for determining such losses, these rules do not take into 
account the heat which will be absorbed by the cold material of the building after the air 
is raised in temperature. This heat absorption must be added to the normal heat loss of 
the building to determine the load which the heating plant must carry through the 
warming-up process. It is customary to increase the normal heat loss figure by from 50 
to 150 per cent depending upon the heat capacity of the construction material, the higher 
percentage applying to materials of high heat capacity such as concrete and brick, 

14. Follow the same methods for an oil furnace as for coal where a conversion unit is 
to be used, making sure that the ratio of heating surface to grate area exceeds 20 to 1. 
If it does not, a size larger furnace should be selected. Use the manufacturer's Btu 
ratings of furnaces designed for exclusive use with oil. 


15. The selection of the proper size gas furnace for a constantly heated building can 
be easily made by using Equation 5: 


where 


H = total heat loss from building, Btu per hour. 
R — output rating of the furnace, Btu per hour. 
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In the case of converted warm air furnaces a slightly different procedure is necessary, 
as the Btu input to the conversion burner must be selected rather than the furnace out- 
put. The proper sizing may be done by means of Equation 6: 

I - 1.68 H (6) 

where 

I == Btu per hour input. 

^ The factor 1.68 is the multiplier necessary to care for a 15 per cent heat loss in the 
distributing ducts and an efficiency of 70 per cent in the conversion burner. 

16. Specify location and type of all dampers in both supply air and return air sides 
of system. Specify controls including location of all thermostats. Arrange for proper 
control of humidifying equipment. 

HEAVY DUTY FAN FURNACES 

Fan furnaces for large commercial and industrial buildings, churches, 
schools, etc., are available in sizes ranging from 300,000 to 3,000,000 Btu 
per hour per unit. Heavy duty furnace heaters may be arranged in 
battery combinations of one or more units. 

Most manufacturers of heavy duty furnaces rate their furnaces in Btu 
per hour and also in the number of square feet of heating surface. Con- 
servative practice indicates that at no time in the heating-up period 
should the furnace surface be required to emit more than an average of 
3500 Btu per square foot. A higher rate of heat emission tends to increase 
the heat loss up the chimney, and raise fuel consumption, to shorten the 
life of the furnace, and to overheat the air. The ratio of heating surface 
to grate area on furnaces for this type of work should never be less than 
30 to 1 and as indicated previously may run as high as 50 to 1. 

Control of temperature is secured through (1) controlling the quantity 
of heated air entering the room, (2) using mixing dampers, or (3) regu- 
lating the fuel supply. 

The design of heavy duty fan furnace heating systems is in many 
respects similar to that of the central fan heating systems described in 
Chapter 21. Ducts are designed by the method outlined in Chapter 32. 

HUMIDinCATION 

Temperatures and relative humidities should be governed within the 
limits of the generally accepted standards. See Chapters 2 and 27 for 
more detailed information on this point. 

Water evaporating pans are usually located in air which has been 
heated by contact with the heating surfaces. To change water into vapor 
capable of being carried in an air stream as part of the mixture, about 
1000 Btu per pound are required. There is a trend in present practice 
toward heating the water in addition to heating the air. Equipment for 
doing this may make use of sprays, or it may take the form of water 
circulating coils placed within the combustion chamber and connected 
by pipes to the humidifier pans where a constant water level is maintained 
by some separate float device. (See Chapter 27.) 

Sprays are usually controlled by solenoid valves wired in parallel with 
the fan motor. The water supply may, in turn, be controlled by a 
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humidity-controlling device located in one of the living rooms, so that the 
washer will operate at all times when the fan is in operation, unless the 
relative humidity should rise beyond a desirable percentage. Sprays 
used in connection with commercial or heavy duty plants should be a 
regulation type of commercial spray. In all cases provision must be made 
to flush out accumulation of lime and dirt. 

Principles underlying humidity requirements and limitations for resi- 
dences have been summarized in a bulletin® and are enumerated herewith : 

1. Optimum comfort is the most tangible criterion for determining the air conditions 
within a residence. 

2. An effective temperature of 66 deg® represents the optimum comfort for the 
majority of people. Under the conditions in the average residence a dry-bulb tempera- 
ture of 72 F with relative humidity of 30 per cent is the most practical for the attain- 
ment of 66 deg effective temperature. 

3. Evaporation requirements to maintain a relative humidity of 40 per cent in zero 
weather depend on the amount of air inleakage to the average residence, and vary from 
practically nothing to 24 gal of water per 24 hours. 

4. Relative humidity of 40 per cent indoors cannot be maintained in rigorous climates 
without excessive condensation on the windows unless tight-fitting storm sash or the 
equivalent is installed. 

5. The problems of humidity requirements and limitations cannot be separated from 
building construction, and the latter should receive serious attention in the installation 
of humidifying apparatus. 

6. None of the types of gravity warm air furnace water pans tested proved adequate 
to evaporate sufficient water to maintain 40 per cent relative humidity in the Research 
Residence except in moderately cold weather. 

7. The water pans used in the radiator shields tested did not prove adequate to 
maintain 40 per cent relative humidity in a residence similar to the Research Residence 
when the outdoor temperature approximated zero degrees Fahrenheit. 


COOLING METHODS 

A slight cooling effect may be obtained under certain conditions by the 
use of the cooler basement air. A more positive cooling effect may be 
obtained by the use of an air washer where the temperature of the city or 
well water is sufficiently low (55 F or lower), and where a sufficient 
volume of water can be provided. Unless the temperature of the leaving 
water is below the dew-point temperature of the indoor air at the time 
the washer is started, both the relative and absolute humidities will be 
somewhat increased. 

Coils of copper finned tubing through which cold water is pumped are 
available for cooling. They require less space than air washers and have 
the advantage that no moisture is added to the air when the temperature 
of the water rises above the dew-point. Ample coil surface and fan 
capacity are necessary with this type of cooling. 

It is thoroughly feasible to use ice or mechanical refrigeration in con- 
nection with a warm air system and to cool the building by this method, 
provided the building is reasonably well constructed and insulated. 


^Humidification for Residences, by A. P. Kratz (University of Illinois, Engineering Experiment Station 
Bulletin No. 230). 

«The optimum winter effective temperature is 66 deg as recommended by the A.S.H.V.E. Committee 
on Ventilation Standards. (See Chapter 2.) 
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A^indows and doors should be tight, and awnings should be supplied on 
he sunny side of the building. (See also Chapters 21, 24 and 25.) 

Conclusions that may be drawn from studies^® conducted in the Uni- 
versity of Illinois Research Residence, subject to the limitations of the 
est are: 

1. An uninsulated building of ordinary residential type may require the equivalent of 
hree tons of ice in 24 hours on days when the maximum outdoor temperature reaches 
00 F if an effective temperature of approximately 72 deg is maintained indoors. 

2. The use of awnings at all windows in east, south, and west exposures may result in 
.avings of from 20 to 30 per cent in the required cooling load. 

3. The cooling load per degree difference in temperature is not constant but increases 
IS the outdoor temperature increases. 

4. The heat lag of the building complicates the estimation of the cooling load under 
iny specified conditions and makes such estimates, based on the usual methods of 
:omputation, of doubtful value. 

5. The seasonal cooling requirements are extremely variable from year to year, and 
he ratio between the degree-hours of any two seasons occurring within a 10-year period 
nay be as high as 7.5 to 1. Hence an average value of the degree-hours cooling per 
>eason is comparatively meaningless. 

6. The duct system in a forced-air heating installation can be successfully converted 
o a system for conveying cool air for the purpose of cooling the structure. No conden- 
sation of moisture was observed when the duct temperatures were not less than 65 F. 

7. Cooling by means of water at a temperature of 60 F is not satisfactory unless an 
ndoor temperature of less than 80 F is maintained. 

8. In the selection of cooling coils, the additional frictional resistance of the coil to 
low of air must be given consideration. 

9. Cooling the structure by introducing large quantities of air from outdoors at night 
:ended to reduce the amount of cooling required on the following day and was a practical 
neans of providing more comfortable conditions in those homes where cooling systems 
vere not available. 


METHOD OF DESIGNING COOLING SYSTEM 

The general procedure which may be used for the design of a summer 
cooling system in a forced-air installation is: 

1. Calculate heat gain for each room or space to be conditioned. (See Chapters 4 
and 7.) iUlowance for addition of outside air must be included in this calculation. 

2. Select a temperature of' air leaving supply inlets. In Research Residence tests 
1 value of from 65 to 70 F was found satisfactory. 

3. Determine indoor conditions to be maintained. ^ In Research Residence 80 F dry- 
bulb and 45 per cent relative humidity were found satisfactory. 

4. Determine the quantity of air to be introduced into each room. (See Chapter 21.) 

5. Estimate heat loss in duct system between cooling unit and supply registers. 

6. Calculate the heat to be removed by the cooling unit, in the form of sensible heat 
and latent heat. 

7. Determine size of ducts in duct system and size of re^sters, as explained in this 
chapter under the heading of Method of Designing Forced-Air Heating Systems. 


i«Suinmer Cooling in the Research Residence, by A. P. Kratz, S. Konzo, M. K. Fahnestock and E. L. 
Brodenck (University of Illinois Engineering JSxperimeni Station J5M/Zff/*»,yNos.290,305and 321). A.S.H.V.E. 

ARCH Report No. 1177 — Summer Cooling in the Research Residence with a Gas-Fired Dehydration 
cSI^ Unitrby A P. Kratz, S Konzo and E. L. Brodenck (A S.H.V.E. Transactions. Vol. 47, 1941, 
p. 203). 
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8. Determine pressure loss in duct system and select fan as also explained in the 
same section. 

9. Select cooling unit from manufacturer’s data. Specify temperature and press^e 
of available cooling water, voltage and characteristics of electrical supply, and method 
of control of apparatus. 

10. Select cooling coils from manufactmrer’s data to take care of latent he^ load and 
to give required drop in air temperature with the weight of air flowing. (See Chapter 26.) 

11. If system is to be used for both winter heating and summer cooling, duct sizes 
must be checked to insure that velocities and friction losses are reasonable for both 
conditions of operation. Adjustable dampers will be necessary to make changes in air 
distribution for the two seasons. Provision must also be made for changing fan speeds 
for summer and winter operation. 
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CHAPTER 21 


C^entrai .^^diemd for C^omfori ..>^ir C^onditionin^ 


Types of Systems for Ventilating, Heating, Air Conditioning, 
Factors Involved in Use and Design of Systems, Design Procedure 


T he purpose of this chapter is to present a discussion of types of 
central systems usually encountered, together with a discussion of 
the factors involved in use and design and an outline of design procedure. 

Insofar as this chapter is concerned, a central system is defined as a 
field assembled apparatus, comprising such elements of equipment as are 
necessary to fulfill the purpose for which it is designed, and serving one 
or more conditioned spaces. It may be argued with justification thiat a 
factory produced unit, including all the essential items of equipment can 
be employed as a central system. Unitary equipment is discussed in 
Chapter 23. Further, this chapter is confined to comfort air conditioning 
systems as such, and ventilating systems, warm air heating systems, 
together with central systems of a special nature, are excluded from the 
discussion. 

This chapter assumes a knowledge of all the component parts of a 
system and the reader is referred specifically to other chapters covering 
design conditions and physiological principles, cooling and heating load; 
spray equipment, heat transfer surface coils, cooling dehumidification and 
dehydration, fans, air cleaning devices, refrigeration, air distribution knd 
air duct design, automatic controls and instruments- In addition, the 
engineer should refer to the Code of Minimum Requirements for Comfort 
Air Conditioning^ prepared by the joint committee of the American 
Society of Heating and Ventilating Engineers and the American 
Society of Refrigerating Engineers, and to national, state or local codes 
that may apply. 


CLASSIFICATION OF SYSTEMS 

The generally accepted method of classifying systems is with regard to 
their function. A given type of system may be changed by the omission 
of certain of its functions or by the inclusion of others. As an example, a 
winter air conditioning system, by the omission of humidifying sprays, 
air cleaning devices, etc., will become a simple warm air heating system, 


^Code of Minimum Requirements for Comfort Air Conditioning CA,S.H.V.E. Transactions, Vol. 44, 
1988, p. 27). Reprints of this code ure available at $.10 a copy. 
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Fig. 3. Central System for Year ’round Air Conditioning 
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and by further omissions will become a simple ventilating system. On 
the other hand, with the inclusion of a dehumidifier with its source of 
cooling, the system can become a year ’round air conditioning system. 
The three major types of systems are: 

1. ^ Winter Air Conditioning Systems, The function is to ventilate, heat and humidify 
in winter the spaces under consideration, and provide the desired degree of air motion 
and air cleanliness. The equipment required normally consists of a preheater, filters, 
humidifying sprays or air washer, reheater, fan, distributing ducts, and the necessary 
manual or automatic means of control. See Fig. 1. 

2. Summer Air Conditioning Systems, The function is to ventilate, cool and de- 
humidify the spaces under consideration and to provide the desired degree of air motion 
and cleanliness. The normal complement of equipment includes filters, dehumidifier 
with its source of cooling, reheaters or by-pass if r^uired, fan, distributing ducts, and 
the necessary manual or automatic means of control. See Fig. 2. 

3. Year * Round Air Conditioning Systems, The function is to ventilate, heat and 
humidify in winter and cool and dehumidif^ in summer the spaces under consideration, 
and to provide the desired degree of air motion and cleanliness. The equipment usually 
comprises preheater, filters, spray or surface dehumidifier, reheaters and by-pass if 
required, fan, system of distributing ducts, and necessary means of manual or auto- 
matic control. See Fig. 3. 

Items of equipment in the foregoing may, of course, be replaced with 
others fulfilling the same purpose. As an example, an absorption type 
dehydrator with an aftercooler may replace a dehumidifier. 

Modifications 

• All of the general types of central systems may be modified in various 
ways. These modifications do not affect the functions of the system. In 
general, these consist of changes in or additions to the normal complement 
of equipment, or variations in arrangement and design of equipment and 
distributing ductwork in order to provide better control of conditions, 
greater flexibility, or improve the overall economy and performance of 
the system. Some of these are applicable to certain systems only, while 
others are applicable to all types. The most commonly encountered 
modifications are: 

1. Zoning. 

a. Separate equipment. 

b. Reheating or recooling. (See Figs. 4 and 5). 

c. Multiple fans with individual by-pass or reheat. (See Figs. 6 and 7), 

d. Volume control. (See Fig. 8). 

e. Dual duct system. (See Fig. 9). 

2. Induction units. (Low pressure type). (See Fig. 10). 

3. Induction units. (High pressure type). (See Fig. 11). 

4. Evaporative cooling. 

5. Precooling. 

6. Sensible cooling with dry coils. 

7. The run-around system. 

There are many other possible modifications and the special require- 
ments of some installations niay warrant consideration of these, but space 
limitations prevent a discussion of all. The modifications mentioned are 
discussed further in this chapter. 
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USE OF CENTRAL SYSTEMS 

Several factors must be considered in deciding on whether or not to use 
a central system and in deciding on the type of central system and 
modifications required. These factors are: 

1. Comparative effectiveness. 

2. Characteristics and requirements of the load. 

3. Space requirements. 

4. Initial cost. 

5. Operating costs and maintenance. 

The comparative effectiveness of the type of system and modification 
plays a major part in the choice and is to a large extent affected by the 
other factors. One great advantage provided by the central system lies 



pump 

Fig. 4. Central System with Zoning by Reheating 

in its ability to diffuse odors and smoke which may occur in parts of the 
system, so that the outside air is determined by the average instead of the 
sum of the peak requirements. However, caution must be used where 
odors are apt to be objectionable even if greatly diluted. In such cases a 
positive exhaust to the outdoors or a separate treatment for the particular 
locality is recommended. The averaging ability both as to odors and 
thermal effects of the system is one item to be considered in studying the 
comparative effectiveness, particularly where adequate zoning is to be 
provided. Full advantage of diversity and non-simultaneous peak load 
requirements can be taken in determining the dehumidified air quantity 
where adequate zoning is provided. 

The characteristics and requirements of the load frequently are the 
deciding factors. Wide, non-simultaneous variations in load between 
spaces or parts of the same space, indicate the necessity of zoning. Isolated 
spaces having a short time occupancy or brief load duration may be 
handled by units advantageously at times. The occurrence of simultaneous 
heating and cooling requirements in spaces having the same exposure or 
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on the same zone presents a problem to be studied. Ability to maintain 
conditions during the intermediate seasons without the use of refrigera- 
tion must be considered at all times, particularly in those applications 
where a high internal load exists. 

The matter of space requirements may rule out one type of system or 
another. The avoidance of the use of rentable and usable space for 
equipment and ductwork, in oflSce buildings, stores, etc., is most im- 
portant since the loss of revenue is directly chargeable to the operating 
cost of the system. Consideration of the spaces available with respect 
to the type of system and method of distribution used and their effect on 
overall cost is essential. 

Initial cost is given first consideration all too frequently. While 
elaborately designed installations are seldom justifiable, proper con- 
sideration must be given to operating costs and maintenance, performance 
required, and the life of the system. The increase in cost incurred by 



suitable zoning can be offset partially by reduced quantities of dehumidi- 
fied air with smaller air handling apparatus, and partially by reduced 
refrigeration requirements. In the end it may prove less expensive than 
an unsatisfactory single zone system. A small increase in initial cost to 
provide better access to equipment, better airflow and distribution, and 
better zoning, usually will pay for itself. 

Operating costs often receive too little attention. Proper relationship 
between equipment selected and the load to be carried must be obtained. 
Cooling systems in general operate at maximum capacity less than 20 
per cent of the time and heating systems operate under design conditions 
but a few days in the year. Good partial load performance is essential for 
low operation costs. Proper zoning, good arrangement and selection of 
equipment and type of system all tend to reduce operation costs. Central 
systems having the bulk of equipment in a central location properly 
arranged, and having only the equipment required for zoning distributed 
through the conditioned space or spaces, will have relatively low main- 
tenance costs. Care must be used to provide ease of access to important 
equipment and those items requiring servicing. 
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DESIGN OF SYSTEMS 

Various factors are to be considered in the design of a central system, 
some of which have been touched upon in the foregoing as a modification 
or economic factor, while others are a part of the normal design procedure. 
These, in the order of usual occurrence are discussed herewith. For 
practical purposes these factors cover Year 'Round Air Conditioning 
Systems. Those directly applicable to summer only or winter only sys- 
tems are to be viewed accordingly. 

Design Conditions 

Physiological principles and design conditions are covered in Chapter 2. 
A detailed study of these is beyond the scope of this chapter other than 
certain recommendations with regard to their application. 

Where extreme or unusual outdoor conditions prevail for long periods 
of time, such as in the tropics, at high altitudes, in regions of extremely 


Motor 



pump 


Fig. 6. Central System Using Multiple Fans with By-passes and 
Reheating for Zoning 


low humidities, etc., due allowance must be made for the fact that the 
people have become acclimatized, to a certain degree at least, to these 
conditions and the inside conditions should be selected accordingly. 

A change in the inside conditions from a set standard sometimes is 
warranted from an economic standpoint. It is possible at times to make 
substantial savings in initial and operating costs by maintaining a lower 
temperature and higher humidity in the conditioned space while main- 
taining the same effective temperature. 

In winter, the matter of condensation on windows, walls, etc., is of 
extreme importance. Humidities low enough to avoid this should be 
maintained, and when it is necessary to carry the higher humidities, 
double glass should be used or suitable means of handling the condensa- 
tion should be provided. 

During intermediate seasons the use of refrigeration as a source of 
cooling may be undesirable from an operating cost standpoint depending 
on the local energy rate structure and demand charges. As a result the 
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use of outdoor air, either directly or indirectly, as a source of cooling will 
be required and the system may have to operate on an unusual basis 
with regard to the temperatures and humidities that can be maintained. 
This situation should be carefully investigated. As a rule, provision 
should be made for introducing all outdoor air into the system during 
intermediate seasons as described later. 

With regard to outside conditions it must be noted that where systems 
are to operate at certain hours of the day only, the outside conditions that 
occur during these times can be used provided the cumulative effect or 
heat gain lag is taken into consideration in the estimate. 

Outdoor Air 

Standards affecting the quantity of outdoor air have been established 
in Chapter 2. These standards relate the minimum amount of outside 



Fig. 7. Central System with Central Fan and Conditioner and with 
Individual Zone Fans 


air to be introduced into the conditioned space for both the number of 
occupants and the type of occupancy, i,e., people smoking, etc. This, of 
course, is the common-sense approach to the problem, but there are some 
cases, such as those spaces having a very low occupancy with regard to 
the cubical content where mustiness may develop unless a sufficient air 
ciange is provided. Where such a condition exists in a few spaces out of 
several which are being handled by a central system, the averaging ability 
of the central system may cope with the situation satisfactorily.^ This is 
due to the fact that the return air from the particular space is mixed 
thoroughly with the return air from all the other spaces, and all the out- 
side air supplied to all the other spaces. 

It should be noted that the minimuin quantity of outdoor air is affected 
by infiltration and leakage. Infiltration will reduce the quantity to be 
introduced by the system while leakage may have to be offset by an 
increase in the quantity of outdoor air. 
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Most summer and year ’round air conditioning systems should be so 
designed and arranged that a quantity of outside air at least equal to the 
quantity of cooled or dehumidified air can be taken in when desired. In 
the intermediate seasons and in the cooling season it is more economical 
to take all outside air into the dehumidifier when the outdoor air wet- 
bulb temperature is lower than the inside wet-bulb temperature to be 
maintained. Also, where using a spray type dehumidifier or air washer, 
whenever the outdoor wet-bulb temperature is below the apparatus dew- 
point temperature required, the system can be operated on an evaporative 
cooling basis, dispensing with the need for refrigeration though cooling 
may be required. Automatic controls are available for accomplishing this 
and on reasonably large systems are justifiable from an economic stand- 
point. 



Fig. 8. Central System with Zoning by Volume Control 


Cooling Load 

The method of determining the cooling load for a conditioned space or 
spaces is outlined in Chapter 7. As pointed out therein, many of the items 
of heat gain are variable and do not reach their maximum values simul- 
taneously. Proper consideration of these peaks and the avoidance of 
pyramiding these peaks in the cooling load calculations is stressed. 
Maximum solar heat gain on an east exposure is seldom coincident with 
the maximum outdoor wet-bulb. 

A large difference in the incidence of the peaks between various spaces 
or parts of the same space indicates the necessity for zoning. In a building 
having an east and west exposure where solar heat gain forms a fair share 
of the cooling load, the times of their individual peaks are apt to be hours 
apart, and the peak load of one plus the off peak load of the other will be 
substantially less than their combined peak loads. Proper zoning will 
permit taking full advantage of this condition or similar conditions of 
non-simultaneous peaks and will result in a lower total load, reflecting 
itself in savings in equipment. 
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A factor, similar in effect and closely related to the non-simultaneous 
occurrence of peak loads is diversity. Typical of this is the case of a 
large department store where the air handling equipment serving a certain 
space must be sufficient to handle the load created by the dirongs of 
people attending sales in that space. Under such a condition the number 
of people in other spaces is usually normal or below. While this means 
that the air handling equipment for certain departments must be large 
enough to cope with the situation, the refrigeration equipment must be 
only large enough to handle the average maximum. If a system employ- 
ing zone recirculating fans and a single central fan and dehumidifier were 
used, the saving would be reflected in the capacity of the central fan and 
dehumdifier. Another example of this diversity is found in an office 
building having restaurants and stores of certain types on the first floor 



and basement. At noon, when the restaurants and stores are crowded, 
the offices are below normal occupancy. 

Heat lag should be carefully considered in the cooling load calculations. 
In certain types of building construction the effect of solar radiation is 
still apparent hours after the sun has shifted from that exposure. In 
other t5rpes having a much lighter construction, the heat gain due to solar 
radiation decreases markedly with the passing of the sun. Some walls, 
having been warmed by the sun, may radiate heat long after the incidence 
of the sun, requiring lower inside temperatures to offset the radiant 
energy. 

Storage effect is usually present in some degree. Often it can be utilized 
to great advantage and it has more than once provided an unknown safety 
factor. If a space is kept below the design inside temperature for a period 
of time, the interior walls, floors, furniture and fixtures b^n to assume 
the temperature of the space. If the period of time is sufficient, the entire 
mass may reach the room temperature, rather than just the skin or siMace 
of the item. If the space has been precooled below the design maxintittm 
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temperature for a period of time prior to the advent of the peak load, 
when the heat gain begins to increase to peak conditions, some of the 
increase is used in raising the temperature of the furniture, fixtures, etc., 
to the design conditions and the cooling load can be reduced accordingly. 
However, unless very accurate data with regard to the mass, surface, 
specific heat, etcl, of the items within the space are available, due caution 
must be used in discounting the cooling load for this storage effect. In 
the absence of reliable data it is often a matter of experience rather than 
calculation. 

Where air conditioning supply and return ducts pass through uncon- 
ditioned spaces there will be a transfer of heat from these spaces to the air 
in the ducts, even though these ducts are well insulated. An allowance 



Fig. 10. IiroucTioN Unit Fig. 11. Induction Unit 

(Low Pressure Type) (High Pressure Type) 


should^ be made for this heat gain and included in the heat estimate so 
that air can be supplied at a temperature low enough to offset the rise 
caused by this heat gain (see Chapter 32). There will also be some heat 
gain to the air in ducts passing through conditioned spaces, but since a 
cooling effect is produced in the space through which the duct passes, 
this is not a loss and usually can be compensated for by adjustment of 
air quantities between the various spaces. 

Heating Load 

Methods of calculating the heating load are shown in Chapter 6. 
Many of the factors outlined previously under Cooling Load, such as 
zoning, non-simultaneous peaks, and diversity, apply in the reverse 
manner due to the heating requirement instead of the cooling requirement. 
However, these factors enter into the heating load picture from a stand- 
point of control of inside conditions, overall performance and economy 
of operation more than from a capacity of equipment standpoint. 
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Where heating is concerned it is not only necessary to heat a building 
or space to its design conditions when there is but the merest fraction of 
normal occupancy, practically no lights, internal heat, or solar radiation, 
but it is also necessary to provide capacity to heat the building quickly 
after a shut-down such as when a sudden cold snap follows relatively 
warm weather, or after a week-end or holiday. However, in normal 
operation during week-ends and holidays, buildings are usually kept at a 
holding temperature to prevent the freezing of services and conserve fuel. 
In many cases it requires less fuel to keep a building or space at a tem- 
perature of 50 to 65 F for some time than to shut the system down and 
then bring the temperature up again. 

Apparatus Dew-Point 

The method of locating the condition line for a given air conditioning 
problem has been explained in Chapter 1, Examples 19 and 20. Briefly, 
the method consists in estimating the net energy gain (or loss) per hour 
and the net moisture gain (or loss) per hour from data on location, ex- 
posure, construction, appliances, occupants, ventilation requirements, 
inside and outside design conditions. In computing the quantities of 
energy and moisture introduced and displaced by the ventilating air, 
only that portion of the ventilating air admitted directly to the con- 
ditioned space is considered. With this understanding, the ratio of the 
net energy gain (or loss) to the net moisture gain (or loss) determines the 
slope of the condition line through the state point of the inside air on the 
Mollier Chart. 

The condition line may or may not cross the saturation curve. If it 
does, the intersection is called the apparattcs d&w-point, with application 
to summer cooling in mind. Thus, if the air conditioning apparatus can 
be set to take inside air, process it, *and return it to the conditioned space 
completely saturated at the apparatus dew-point, the cooling load require- 
ments can be exactly met both as to removal of energy and simultaneous 
removal of moisture. 

In actual practice with corfimerclal apparatus, it is rarely possible to 
obtain complete saturation and there may be several degrees difference 
between the dry-bulb and wet-bulb temperatures of the air returned to 
the conditioned space. This causes no difficulty. In fact, the only special 
significance of the apparatus dew-point is that, when it exists, it provides 
a convenient control point at which to regulate the operation of the 
apparatus, provided complete saturation is attainable. 

In order to illustrate the effect of incomplete saturation in the conditioning apparatus, 
consider the cooling load problem of Chapter 1, Example 19. In this problem, 114,600 
Btu of energy and 15.92 lb of moisture per hour are to be removed simultaneously. The 
slope of the condition line is determined by the ratio g = 114,600 15.92 = 7205 Btu 

per pound of water and the apparatus dew-point is 58.02 F, as shown in Fig. 12. (Point J3). 

But suppose that the saturation efficiency of the apparatus is only 95 per cent, by 
which is meant that the air delivered by; the apparatus is only 95 per cent saturated. 
Then the temperature at whici the condition line crosses the 95 per cent saturation curve 
is the proper temperature at which to regulate the apparatus. This temperature is 
easily found to be 59.6 F dry-bulb temperature (Point A in Fig. 12). Of course, a some- 
what larger quantity of air will have to be recirculated, namely 114,600 (31.41 — 

25.51) = 19,400 lb of dry air per hour, where the enthalpy of the air at 95 per cent 
saturation on the condition line is 25.51 Btu per pound of dry air and h = 31.41 for the 
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inside air. Only 18,056 lb of drj- air had to be recirculated per hour with complete 
saturation. 

Many practicing engineers prefer an approximate method of calculating 
apparatus dew-point which employs what is called the sensible heat factor^ 
SHF. The so-called room sensible heat, which is proportional to the 
quantity of supply air, Q is first estimated: 

Hs- <2 X i X Cp X 60 - k) (1) 

where 

Q = quantity of supply air, cubic feet per minute. 
d = density of air, pounds per cubic foot. 

Cp = constant pressure specific heat of air. 
tr = room dry-bulb temperature, degrees Fahrenheit. 
k = apparatus dew-point or supply air temperature, degrees Fahrenheit. 

The so-called room latent heat, H\, which is also proportional to the 
quantity of supply air, Q, is estimated: 

Hi = Q X ^ X X 60 {Wr - W^) (2) 

where 

Q *= quantity of supply air, cubic feet per minute. 
d = density of air, pounds per cubic foot. 
hz « an appropriate value of the latent heat of vaporization, Btu per pound. 

Wt = room humidity ratio, pounds water per pound dry air. 

Wt = apparatus dew-point or supply air humidity ratio, pounds water per pound 
dry air. 


Finally the ratio 


SRF 


Es 

Es + Hi 


(3) 


is computed. But, from Equations 1, 2 and 3 


where 


_ 0.241 fe - k) 
hr — he 


0.241 = an appropriate value of Cp, Btu per pound. 
tr ~ room dry-bulb, degrees Fahrenheit. 
k ~ apparatus dew-point, degrees Fahrenheit. 
hr = enthalpy at room conditions, Btu per pound dry air. 
he “ enthalpy at apparatus dew-point, Btu per pound dry air. 


(4) 


Thus, having estimated the value of the sensible heat factor, SjffF, the 
problem of finding the apparatus dew-point reduces to solving Equation 4. 
Since the relation between he and te is only available in tahnlar or graphi- 
cal form, a trid-by-error or graphical solution is required. Special charts 
have been devised for this purpose, but these are really unnecessary since 
the Mollier Chart of Chapter 1 is adaptable. Thus the quantity 


1 - SEF 


where htg is an appropriate value of the latent heat of vaporization, 
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determines, on the border scale of the Mollier Chart, the direction of the 
condition line which intersects the saturation curve at the apparatus 
dew-point. 

Example 1, From a cooling load analysis of the room as determined in Escample 19 ^ 
Chapter 1, the net energy gain of 114,600 Btu per hour would be called room total heat; 
the net moisture gain of 15.92 lb per hour, multiplied by an appropriate value of the 
latent heat, say 1065 Btu per pound, would be called the room latent heat^ namely, 
16,950 Btu per hour; and 114,600 — 16,950 = 97,650 Btu per hour is the room sensible 
heat. Determine the apparatus dew-point, if the room conditions to be maintained are 
80 F dry-bulb and 67 F wet-bulb temperature. 

Solution. From Equation 3 the sensible heat factor is SHF = 97,650 114,600 = 

0.852. Using the latent heat of vaporization at 51 F, namely 1065 Btu per pound as an 
appropriate value in Equation 5, 2 = 1065 (1 — 0.852) = 7205 Btu per pound water. 

The state point of the inside air is easily located on the Mollier Chart, as shown in 
Fig. 12. Through this point draw a line having a slope g = 7205 Btu per pound water 
as determined from the border scale. This line crosses the saturation curve at 58.02 F 
which is the apparatus dew-point temperature (Point B in Fig. 12). 



Fig. 12. Diagram of Mollier Chart Illustrating Example 1 


From the point of view of satisfying the given cooling or heating load 
requirements, the effect of air passing through the apparatus without 
being coniaotei is merely to increase the quantity to be passed through. 
Thus, if 20 per cent of the air admitted is uncontacted, tiben 25 per cent 
more air must be admitted than would be necessa^ if all of it were con- 
tacted. The failure to achieve complete saturation in commercial ap- 
paratus may be explained as failure to contact all the air admitted. Or, 
some of the air may be deliberately by-passed. But whatever the explana- 
tion, the only tiling of importance is the end result. Of course, a low 
saturation efficiency or a large proportion of uncontacted air means 
higher capacity for the conditioning apparatus and, perhaps, an excessive 
number of air changes for comfort. 

In winter, a degree of saturation in excess of 30 per cent is seldom 
required and a low saturation efficiency may be desirable or even neces- 
sary where the full summer circulation air through the conditioner is 
maintained. With a spray type dehumidifier the main sprays may be 
shut off and an eliminator flooding pump provided which may give 
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sufficient saturation. In other cases, such as where cooling coils are 
sprayed, the spray water may be throttled. 

When it does become necessary to increase the saturation efficiency of 
the sprays, the spray water may be heated. The amount of heat put into 
the spray water by open or closed water heaters will be equal to that 
required to bring the dew-point temperature of the air entering the sprays 
up to that required before entering the reheater. It is possible where 
clean steam is available, to introduce the steam directly into the air 
stream to produce the desired dew-point temperature of supply air. 
However, the steam must be exceptionally clean or objectionable odors 
will result. This precaution should be observed also where open water 
heaters or ejector water heaters are used. 

Present day practice, for spray type dehumidifiers of good design, 
assumes that the air leaves the dehumidifier at 1 to 2 F higher than the 
temperature of the spray water leaving the dehumidifier. A spray 
dehumidifier having sufficient length of spray chamber and density of 
spray together with a proper arrangement of nozzles may closely approach 
complete saturation. 


Air Quantity and Etfective Temperature Diiference 

The difference between the room air temperature and the supply air 
temperature at the outlet to the room is known as the effective temperature 
difference. In the theoretical case of a dehumidifier having a 100 per cent 
saturating efficiency and where this air is delivered directly to the room 
without temperature increases due to heat gain, then the effective tem- 
perature difference is the difference between room temperature and 
apparatus dew-point temperature. If duct heat gains are considered a 
part of the room load, this still holds true. The apparatus dew-point, as 
outlined previously, is fixed by the latent and sensible loads of the space, 
but in many cases, it is desirable to deliver more air to the spaces than 
is determined by the solution of Equations 2 and 3, with 4 or by the 
charts. 

It has been indicated that where a percentage of air is passed through the 
dehumidifier without being treated that the relationship was modified in 
direct proportion, and that if room air passed through untreated no effect 
on the heat balance resulted. Similarly, if room air is passed around the 
dehumidifier and mixed with the treated air the heat balance is not 
adversely affected. Therefore, if the quantity of air passed through the 
dehumidifier is determined by the usual methods, room air can be passed 
around the dehumidifier and mixed with the dehumidified air, increasing 
the supply air quantity and temperature and decreasing the effective 
temperature difference. Thus if a solution of Equations 2 and 3 in con- 
junction with Equation 4 indicates that 10,000 cfm at 30 F below room 
temperature will be required to hold conditions, that quantity can be 
p^sed through the dehumidifier and cooled to 30 F below the room, then 
mixed with 10,000 cfm of room air resulting in a supply air quantity of 
20,000 cfm and an effective temperature difference of 15 F instead of 30 F. 
Supply air outlets and ^lles that have a high induction ratio (that is, a 
large amount of room air is mixed with the air leaving the outlet within 
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a short distance of the outlet through the induction effect of the air 
stream) are available as well as induction units. A proper selection of 
outlets or units may make it possible to introduce air at low temperatures 
and high velocities without causing objectionable drafts or cold spots, but 
care must be used to see that too little air motion is not a result. Lower 
effective temperature differences may be required for this reason. While 
the use of a high effective temperature difference results in a saving in 
initial cost of fans and ducts and in the operating cost of fans, this dif- 
ference should be carefully considered. If the sensible heat load of a 
space is subjected to substantial variations, lower effective temperature 
differences should be considered, since systems employing a low effective 
temperature difference will be less exacting in control requirements. 

Assume that a space has a sensible heat load so that 10,000 cfm of air 
supplied at a 30 F effective temperature difference is required to maintain 
a room temperature of 80 F. If the load is suddenly reduced 50 per cent 
with the air supplied at the same temperature, the resultant room tem- 
perature would become 65 F. On the other hand, if 20,000 cfm were 
supplied at an effective temperature difference of 15 F and the load 
suddenly reduced 50 per cent the resultant room temperature would be 
72.5 F. This, while a rather extreme example, indicates the less exacting 
demand on the controls brought about by the use of the lower effective 
temperature difference. Of even greater importance is the case where two 
or more spaces are controlled from an average condition such as by a ther- 
mostat located in the return air stream of all the spaces. From the 
previous example, it can be seen that a larg^ variation in the load in 
one of the spaces will not reflect itself in such a large change in room 
temperature. Thus in the long run^ the larger effective temperature 
difference may not be the most economical. 

The analysis in the foregoing applies largely to summer air conditioning. 
The same analysis will apply to some extent in winter. The mathematical 
relationship is revised due to a heating requirement rather than cooling. 
Present practice indicates a high temperature difference in winter in com- 
parison to that for summer. It is due to the fact that the heat losses in 
winter in Btu per hour far exceed the summer heat gains in Btu per hour, 
andi particularly to the fact that in winter, reheating the air to produce 
desired room conditions is not reflected as a load on the system as it is in 
the summer, but merely accomplishes the necessary work. 

In line with the latter, reduction of air quantity by slowing down the 
fans for the winter season and increasing the temperature difference often 
is feasible, creating a saving in fan horsepower at no expense to the final 
heat balance, providing the air distribution is not seriously affected. 

Extremes should be avoided in all cases. For summer air conditioning 
low supply air temperatures will result in larger heat gains to Ae air 
passing through tibe ducts, poor control, etc. Too high a supply air tem- 
perature may result in excessive initial and operating costs. Suggested 
limits for the effective temperature difference are from 12 to 25 F, the actual 
selection being based on the requirements of the particular case. For 
winter air conditioning too high supply air temperatures result in excessive 
heat losses from the ducts and stratification within the room unless 
thorough mixture is insured, while too low supply air temperature may 
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cause drafts, high operating costs, etc. Suggested limits are from 15 to 35 
F, Basically there is no set rule and each case should be judged accord- 
ing to its particular requirements. 

By-Pass 

The by-pass, in its accepted form, consists of an arrangement of ducts 
and apparatus connections with the necessary dampers which will permit 
air to pass around the dehumidifier or conditioner without being treated. 
It has two functions which may be employed separately or simultaneously. 

The first of these is to provide a means of temperature control at a 
substantially constant total air quantity. If in summer, the load within 
the conditioned space is reduced and the temperature begins to fall, this 
drop in temperature can be offset by passing some of the air around the 
conditioner instead of through it, while the total quantity of air in circu- 
lation remains unchanged. When used for this purpose, it is termed an 
adjustable or automatic by-pass. The second function is to maintain a 
lower effective temperature difference between the air supplied to the 
room and the room temperature than could be obtained if air at the 
apparatus dew-point were supplied, and when so used is called a fixed 
l^-pass. As discussed previously, if return air from the conditioned space 
is passed around the conditioner and mixed with the conditioned air, the 
effect on the heat balance is the same as if the air were removed from the 
space and immediately reintroduced. This is not strictly true, due to the 
fact that when ducts pass through unconditioned spaces, there is a heat 
gain by this air, and an additional gain is imposed by the heat of com- 
pression of the circulating fan in moving the air against the resistance of 
the system. However, the heat gain, where the by-pass is used to lower 
the effective temperature difference, usually favors its use due to the fact 
that the increased volume and the resultant higher temperature of the 
mixture of conditioned air and room air may show a lower net duct heat 
gain with a smaller temperature increase per unit of volume of supply air. 
The advantages thus obtained may offset the increased fan power. 

The adjustable or automatic by-pass can be made to serve the purpose 
of the fixed by-pass by providing a stop on the by-pass damper so that it 
cannot close completely. In some cases this stop is unnecessary since 
commercial dampers will permit an air quantity of 10 to 20 per cent of the 
dehumidifier capacity, depending on the resistance of the conditioner, to 
leak through even when fully closed. 

Where a reduction in room sensible heat is not accompanied by a 
reduction in room latent heat, the by-pass is to be used with care. When 
the dew-point temperature of the air leaving the dehumidifier is con- 
trolled at a fixed value the reduced quantity passed through the con- 
ditioner may be sufficient to handle the sensible heat load but insufficient 
to handle the latent heat load, resulting in humidities that are too high. 
If the dew-point is not controlled, as when cold water is supplied at a 
constant temperature or where direct expansion cooling coils are used, the 
reduced loading on the conditioner brought about by the reduced air 
quantity, will result in a lower dew-point temperature which usually is 
entirely adequate. This condition should be investigated in each case. 
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The by-passing of outdoor air is to be avoided in general. While the 
sensible heat requirements of the space may be such that the by-passing 
of high temperature outdoor air will aid in controlling room temperature, 
high moisture content air introduced to the space may raise the humidity 
to an objectionable amount. If return ducts from which the by-pass air 
is taken run through unconditioned spaces and there is an inward leakage 
of outdoor or moist air, the effect, in a lesser degree, is that of by-passing 
outdoor air. Therefore the location of such return ducts and the points 
from which such air is taken is of importance. Exceptions to this are where 
the moisture content of the outdoor air is lower than that of the room, and 
where the sensible heat to latent ratio increases at partial loads. 

The foregoing applies largely to summer air conditioning. In winter 
the by-pass usually is kept closed and room temperature control obtained 
by means of regulating the amount of heat supplied to the air. In some 
instances when the by-pass is located after the reheaters, the operation 
of the by-pass damper may be reversed and the by-pass still used as a 
means of control with the reheaters full on or operated in sequence with 
the by-pass. In other cases the reheater may be located in the by-pass 
as described further in this chapter. 

The principle of the by-pass may be applied to items of equipment 
other than conditioners, such as humidifiers, dehydrators, heaters, etc., 
in mudi the same manner. Where a heater has a capacity such that the 
temperature rise of the air is higher than desired, a smaller heater may be 
used and a portion of the air by-passed around the heater. Throttling of 
the sprays in a humidifier is, in effect, a by-pass since it increases the 
portion of air passing through without being contacted. 

Reheating 

Reheating the supply air is necessary in winter where this air is used 
to offset heat losses. Tempering of the supply air (m^ely reheating to a 
lesser degree) is required where other means of heating, such as direct 
radiation or panel heating is used to carry the main heating load. Supply 
air at the required apparatus dew-point would add to the load to be carried 
by the direct radiation and in addition may create a niovement of cold air 
that while desirable in summer may be undesirable in winter. Modu- 
lation of the amount of steam supplied to the coils can be used to control 
temperature, or air can be by-passed around these heating or tempering 
coils. 

Since reheating or tempering coils are required for winter and year 
'round air conditioning, their use as a means of summer as well as winter 
temperature control is indicated. Where heat is available in summer, as 
the room sensible heat falls off the low temperature of the supply air can 
be raised by means of these coils to maintain the desired room tempera- 
ture while still providing adequate air at the proper dew-point. 

Reheating presents an excellent method of accurate temperature control 
since ^e quantity of air passed through the conditioner is not changed as 
in the case of the by-pass, and since the distribution and circulation is not 
affected as when the volume of supply is reduced. However, reheating in 
summer has one disadvantage. It has the effect of maintaining a constant 
internal sensible heat load on the system. This means that when an 
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effective temperature difference of 15 F is being maintained at the maxi- 
mum room sensible heat load, this temperature difference must be reduced 
by means of heating to 7.5 F at half of the sensible heat load. The room 
sensible heat usually is about 35 to 45 per cent of the total cooling load 
and thus the penalty imposed on the refrigeration cycle is not extremely 
large. When the outdoor wet-bulb temperature is less than the desired 
room wet-bulb temperature, all outdoor air should be passed through the 
conditioner and under these circumstances reheating does not impose a 
load on the refrigeration cycle since the heated air is not returned to the 
conditioner. Further, where the volume of outdoor air introduced to the 
system, which for all practical purposes is wasted after its work has been 
done, is sufficiently large in relation to the amount of reheat used (that is, 
if the heat required does not exceed that necessary to raise the outdoor 
air only from dew-point to room temperature) the use of reheat does not 
impose a load on the refrigeration cycle. This, of course, assumes that 
there is no economic penalty involved in the use of heat itself. 

One of the best applications of reheating for summer purposes is in 
combination with other means of temperature control for the purpose of 
levelling off accentuated demands for temperature control. As an 
example, the by-pass can be applied to a certain extent, or the volume of 
supply air throttled to a limited degree, or both of these used in sequence, 
and reheating can be used as the final step in temperature control. 

In the foregoing it has been assumed that summer reheating is derived 
from an extraneous source of heat such as steam, electric heaters or hot 
water. The economics of reheating as outlined may be improved by the 
use of sources of heat that are available within the equipment used. 

Where certain types of refrigeration cycles are used, auxiliary refrig- 
erant condensing coils can be placed in the air stream. At partial loads 
these can be used as additional refrigerant condensing surface and 
improve the performance of the refrigeration plant. This is generally 
known as hot gas reheating. Less effective is the use of coils in the air 
stream through which liquid refrigerant from the condenser is passed 
before being delivered to the evaporator, sub-cooling the liquid refrigerant 
and improving the performance of the refrigeration cycle. The use of 
refrigeration condenser water as a source of reheating provides definite 
economies. If the condenser water is passed through coils in the air 
stream before being used for refrigerant condensing purposes, the lowering 
of the condenser water temperature accomplished by reheating the air 
will result in savings in the refrigeration plant power consumption and 
increased refrigeration capacity. The latter two methods usually are at 
some disadvantage in that the amount of reheat available decreases as 
the need for reheating increases, particularly where evaporative con- 
densers or cooling towers are used. 

Zoning 

Zoning consists of an arrangement of equipment or a division of equip- 
mrat into actions that will permit individual control of the temperature 
and humidity of those spaces or groups of spaces that do not have simul- 
taneous variations in sensible or latent heat load. The equipment is so 
arranged or divided that air can be supplied to spaces or groups of spaces 
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in accordance with the individual load requirements of that space or group 
of spaces. 

Solar heat gain is one of the major causes of the zoning requirement 
since its effect and amount vary with the season, time of day and exposure. 
Other sources of heat gain, subject to variations, such as large changes in 
the number of occupants in one space with a constant occupancy in 
another indicate the necessity of zoning. Some of the various methods 
of zoning are: 

1. Separate equipment. 

2. Reheating or recooling. (See Figs. 4 and 5.) 

3. Multiple fans with individual by-pass. (See Figs. 6 and 7.) 

4. Volume control. (See Fig. 8.) 

5. Dual duct system. (See Fig. 9.) 

6. Combinations of the above methods. 

Zoning by separate equipment represents the extreme in zoning. In- 
dividual conditioners, fans, heaters, controls, distributing ductwork, etc., 
are provided for each zone and are separate from those of other zones. 
Each assembly of equipment is arranged to operate at full or partial load 
according to the requirements of that zone. In extreme cases an individual 
refrigeration plant may be provided for each zone. In general, this 
method of zoning is uneconomical since each piece of equipment is large 
enough to handle the full load requirements of that zone and no advantage 
can be taken of the fact that while one zone is at its full load others may 
be operating at considerably less than load capacity. This applies both to 
the initial cost of a system and the operating cost. There are, however, 
many cases where this method of zoning when used to a limited degree or 
combined with other methods is most desirable. 

Zoning by reheat is one of the more simple methods of approaching the 
problem of differing variations in load. Reheating has been discussed in 
the foregoing. Heating coils located in the distributing duct work or 
apparatus connections which supply only those spaces having sub- 
stantially the same load variations will, by adding heat when the cooling 
load falls off (or the reverse in the case of a heating load), maintain the 
desired temperature conditions. It has been shown previously that where 
the amount of reheating required is not excessive and that heat for this 
purpose is available from an economic standpoint this method of zoning 
may be entirely practical and even highly desirable. 

Zoning by recooling is literally the reverse of zoning by reheating. It is 
not used often but there are many cases where it is desirable. Its most 
practical application is limited to a sensible heat removal function where 
the latent heat requirements are handled by another source such as a 
dehunoidifier or dehydrator, and where the recooling equipment (usually 
cold water cooling coils) can be utilized for reheating (usually with hot 
water) in the heating season. In using this method of zoning, when the 
cooling load of a given space is reduced, the cooling effect produced by the 
recooler is also reduced. 

The use of multiple fans with individual by-passes presents a simple and 
sometimes inexpensive method of zoning. Two or more fans may be 
arranged so that eadh draws its treated air from the same conditioner. 
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The connection between the conditioner and fans is divided or partitioned 
in such a manner that a by-pass connection can be made to each fan. 
See Fig. 6. In this way the amount of by-pass air can be regulated accord- 
ing to the requirements of the zone served by that fan. In this application 
a face damper must be used for each segment of the conditioner, arranged 
to close as the individual by-passes open or an unbalanced system may 
result. A much better adaptation of this principle, though slightly higher 
in initial cost, is obtained by using a single conditioner or dehumidifier, 
having a central conditioned air fan delivering the treated air to the 
necessary zone fans where the conditioned air is mixed with return air 
according to the requirements of the zone. See Fig. 7. With this method 
of zoning, the zone fans are provided with casings to which both return 
air and conditioned air are delivered, their proportions being regulated by 
dampers working in opposite directions. If conditioned air is delivered to 
the casing at slight positive pressure the return air damper may be omitted 
Reheating can be effectively combined with either of these for year 'round 
use or for winter use only. The reheater is usually located in the air 
stream to the zone fan. Where a central conditioned air fan is used to 
deliver conditioned air to a number of zones, a static pressure regulator 
controlling a volume damper or inlet vanes on this fan should be in- 
stalled to prevent unbalancing the system, when one or more zone fan 
conditioned air dampem are throttling. This is one of the better methods 
of zoning and is particularly effective when used in combination with 
reheating for winter or year 'round conditioning as previously outlined. 

Volume control is the least expensive and most frequently used method 
of zoning. It is usually obtained by placing a throttling damper in the 
supply duct feeding a particular zone and operating the damper to 
restrict a flow of air as the heating or cooling load is reduced. The damper 
may be operated manually or automatically. Volume control, however, 
has two ^rious disadvantages. The first of these is that any large 
reduction in the quantity of air supplied may impair the ventilation. The 
second is that a large reduction of the air supply may entirely upset the 
distribution from the room outlets causing dead pockets, stratification, 
lack of air motion, or the reverse — ^undesirable drafts. Where the degree 
of volume control is large or the system extensive and where volume con- 
trol is applied to one portion of a system and not to another, the use of a 
static pressure regulator controlling a fan discharge damper or fan inlet 
vanes is indicated. Its best application is in combination with some other 
method of zoning such as reheat or by-pass where it is used as one step in 
a control sequence, and the reduction in volume limited to a proper 
amount. 

The dual duct method of zoning, sometimes referred to as the school- 
house system, can be successfully applied to comfort air conditioning 
though certain precautions must be observed. Essentially this method 
employs a source of warm air and a source of cold air both of which are 
delivered to a common point where either or a mixture of both are 
deliTOred to a particular zone according to the requirements of that zone. 
^ Fig. 9. Several variations of this method are possible, some of which 
do not employ dual ducts as denoted by the name but which utilize the 
jmnriple. An example of this is found in a blow-through system wfiere 
the fan is located on the entering side of the conditioner and the con- 
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ditioned air passes from the conditioner into a plenum from which 
distributing ducts for the various zones are taken. A by-pass connection 
around the conditioner from the fan to the zone duct is made and dampers 
provided so that conditioned or untreated air, or a mixture of both is 
passed into the zone supply duct. In this method of zoning and in most 
of the variations of this method, the matter of by-passing untreated or 
outdoor air presents itself. This has been discussed earlier in this chapter. 
If a return air fan is used and the by-pass connection made from the 
return fan to the zone supply duct, then the by-passing of outdoor 
air does not need to be considered. Complication of ducts and con- 
nections should be avoided since it may result in difficult sheet metal work 
with accompanying leakage of air and waste of cooling or heating effect. 

Combinations of these several methods of zoning usually provide the 
most effective zoning. It is then possible to use each method to its 
greatest advantage without incurring operative or economic penalties 
which may be inflicted by the exclusive use of any one. Thus, where wide 
variations in load occur, volume control can be used to reduce the air 
quantity a limited amount, then as the load continues to fall off, reheat, 
or by-pass, or both can be used. By-pass and reheat can be used in 
series very effectively. Many combinations are possible and each case 
should be considered with regard to its particular requirements when 
deciding on the method of zoning. 

Induction Units — ^Low pressure type 

Induction units are essentially induction t3^e convectors. These units 
utilize a jet of conditioned air (or primary air) to induce into the unit a 
flow of room or secondary air which mixes with the primary air. The 
mixture is discharged into the room through a grille at the top of the unit. 
Heating coils are located in the secondary air streani for use in heating. 
Control is obtained by either manually or automatically throttling the 
jet, and in addition, heat may be supplied to the secondary coils in summer 
as well as winter to provide control by reheating. The use of these 
induction units presents several advantages. Since the secondary air 
stream is thoroughly mixed with the high velocity low temperature air 
stream before leaving the discharge of the unit, the resultant temperature 
of the mixture is satisfactory even though the primary air is introduced at 
a temperature too low for ordinary methods of distribution. A unit is 
usually provided under each window in place of the customary direct 
radiation, and combines the air distribution system with the heating 
system. With a conventional system it may be necessary to provide 
supplementary heating in the form of direct radiation. These induction 
units may be selected so that their heating coils will have sufficient 
capacity under gravity conditions (that is, with the fan system off and no 
primary air entering the unit) to maintain the building or spaces at a 
reasonable temperature. The use of low temperature dehumidified air 
which has not been reheated or mixed with room air before delivery to the 
room results in a reduction in fan capacity and smaller sized duct work. 
In some cases the use of the by-pass may be desirable in order to keep 
the primary air volume up and provide additional control. This system 
can provide a degree of zoning that is usually impossible with conventional 
systems since each unit can be put under manual or automatic volume 
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control and reheat control. The selection of units should be made with 
regard to noise level when related to the noise level of the spaces. The 
inductive capacity of the unit increases with the jet velocity but too high 
jet velocities result in a high noise level. 

Induction Units — ^High pressure type 

A recent development of the induction unit as previously outlined is 
the high pressure type of unit. This unit employs nozzles which produce 
a high velocity jet quietly. The term, high pressure type of unit, is to 
some extent inaccurate since the pressure at the nozzles, while several 
times that of the low pressure unit, is still less than the total resistance 
pressure of a conventional central system. The high velocity jet of 
primary air induces a flow of secondary room air through coils located in 
the secondary’ air stream. The coil in the secondary air stream is sup- 
plied with chilled water in summer and hot water in winter and thus 
handles a large portion of the room sensible heat gain in summer and of 
the room sensible heat loss in winter. The primary air is supplied at a 
sufficiently low dew-point to take care of room latent heat gain in summer. 
In winter, it is supplied at a sufficiently high dew-point to take care of 
room latent heat losses. Control of temperature is obtained by throttling 
the water quantity supplied to the secondary coils. The quantity of 
primary air is greatly reduced due to the fact that a portion of the room 
sensible heat load is carried by the secondary air stream coil. Since the 
primary quantity is small, very high velocities can be carried in the supply 
ducts without requiring fan power in excess of that required for a con- 
ventional system. This means that the supply ducts or pipes can be very 
small and can be run in chases, or furred in at columns with the water 
pipes. The primary air is treated in the usual manner to provide air at 
the required dew-point and either a surface or spray dehumidifier or a 
dehydrator may be used. The primary air quantity is sufficient for 
ventilation purposes, and frequently consists entirely of outdoor air. The 
water piping for the units can be so arranged and valved that hot water 
can be supplied to one zone that may require heating while cold water 
may be supplied to a zone that requires cooling. 

This system is usually limited in application to hotels, apartments, 
office buildings and other multi-room installations having a large perimeter 
with relation to the floor area. The units are usually installed beneath 
the windows, replacing direct radiation or convectors. Where the spaces 
to be conditioned extend a large distance from the outer wall into the 
interior of the building, a separate system or zone for the conditioning of 
the interior portions may be required. 

Evaporative Cooling 

In climates where on design maximum days, the outdoor wet-bulb 
depression is relatively high it may be possible to dispense with refriger- 
ation or other cooling sources by use of the evaporative cooling effect. 
A well designed air washer using recirculating sprays will reduce the 
entering dry-bulb temperature to within a degree or two of the entering 
wet-bulb condition. Thus, it may be possible that with air entering at 
100 F dry-bulb and 60 F wet-bulb temperature a leaving condition of 

404 




CHAPTER 21. CENTRAL SYSTEMS FOR COMFORT AIR CONDITIONING 


62 F dry-bulb, nearly saturated can be obtained. Under some conditions 
of latent and sensible heat load the results may be entirely satisfactory. 

Under those conditions when the outdoor wet-bulb temperature is not 
quite low enough to permit the use of straight evaporative cooling it is 
possible to use precooling coils with refrigeration, well water or a cooling 
tower as the basic source of cooling to lower the wet-bulb temperature 
(by sensible heat removal) of the air before it enters the air washer. Where 
internal heat loads are high, this may be more economical than using 
return air. Under other conditions where the required supply air dew- 
point is too low to permit straight evaporative cooling and the sensible 
heat load not too great, intentional partial saturation may be employed. 
That is, the low dew-point of the outdoor air is utilized by permitting 
some of it to pass through the humidifying sprays untreated or pass 
around the humidifier. All of these remarks with regard to evaporative 
cooling are based, as indicated, on the assumption that the supply air will 
consist entirely of outside air. Provision should be made for the return of 
air from the conditioned spaces for control purposes as well as for winter 
use in all cases. 

Ptecooling 

Where sufficiently cold water from wells or streams is available a saving 
in the refrigeration cycle may be obtained by the use of precooling. 
Cooling coils are placed ahead of the dehumidifier or conditioner and the 
cold water from a well or stream circulated through the coils. The 
resultant cooling of the air decreases the load to be carried by the de- 
humidifier and refrigeration plant. In normal practice the water after 
passing through the precooling coils is delivered to the refrigeration plant 
for condensing purposes. The economic advantages of this scheme 
are apparent and it is frequently used. 

Sensible Cooling with Dry Cooling Coils 

Under certain atmospheric conditions where a large wet-bulb depres- 
sion exists and the dew-point of the outdoor air is sufficiently low at all 
times, proper inside conditions may be obtained by removing sensible 
heat only from the outdoor air and supplying it to the spaces. Under this 
condition of a high wet-bulb depression a cooling coil may be located in 
the air stream and this coil supplied with water from a cooling tower of 
one type or another. When humidity control is desired sprays to saturate 
or partially saturate the oir may be used after the dry cooling coil. 
Saturation or partial saturation after the dry air cooler will further reduce 
the dry-bulb temperature of the supply air and reduce the supply air 
quantity required. This system has very definite application in hot dry 
climates and in general is most economical. 

Run-Around System 

An interesting method of control is found in the use of combined re- 
heating and precooling usually termed the run-around system. Coils are 
placed in the air stream before and after the conditioner and water or 
brine is circulated around the conditioner from one coil to the other. The 
water passing through the reheating coil is cooled by the air leaving the 
dehumidifier and the air is heated by the water. The cooled water is then 
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circulated through the precooling coil where the entering air is cooled by 
the water and the heat^ water sent back to the reheating coil. The run- 
around has the advantage of permitting a higher supply air dew-point 
temperature than would be possible otherwise. This is due to the fact 
that continual reheating is available which is not a large penalty on the 
refrigeration plant since it provides precooling at the same time. This 
reheating at peak load creates an artificial sensible heat gain which in- 
creases tie ratio of room sensible heat to room total heat and for a given 
room temperature results in a higher apparatus dew-point. See Equations 
2, 3 and 4. Thus, while the volume of supply air is increased, the low side 
temperature level of the refrigeration plant is raised and this may effect 
savings in initial and operating costs. This system has the disadvantage 
of proyiding a decreasing amount of heat for reheating as the demand for 
reheating increases. 


RELATION TO BUILDING TYPE 

Few buildings or spaces are physically identical and those that are 
similar in this respect may have marked differences in internal loading, 
zoning requirements, and economic limitations. Consequently it is 
virtually impossible to establish fixed rules governing the type of system 
to be used. Each case must be considered on its own merits with due 
regard to all en^neering and economic factors. However, some generali- 
zations are possible. 

In small single spaces the use of an elaborate system is undesirable 
from an initial cost standpoint. Zoning may be often eliminated. This 
also applies to large single spaces except that in very large spaces the 
necessity of providing adequate zoning is encountered more frequently. 
If the spaces are extremely large, physical and economic limitations such 
as the size of equipment, size and length of ducts, may require the 
division of the space into sections. Whether these sections are to be 
made according to zones or whether each section is to be zoned will 
depend on the particular case. 

Where groups of spaces or small buildings are encountered, simple sys- 
tems still prove the most economical. A single central station with zoning 
by means of volume control and reheat combined may be entirely satis- 
factory. If the perimeter of the building is large with regard to the area, 
induction units of the low or high pressure type may be employed, par- 
ticularly if it is a multi-room application. Occasionally the dual duct sys- 
tem may be considered, but is infrequently used due to its complications. 

Low buildings with large floor areas, such as large department stores 
and large general offices, may have to be divided into sections for treat- 
ment. In the case of large department stores it may be possible^to provide 
a single conditioner with a fan delivering the conditioned air to recircu- 
lating fans which supply the various departments or spaces. This 
application is limited by practicability of running the large conditioned 
air ducts to the various recirculating fans. In some cases the use of 
separate systems for each section will be indicated with the added neces- 
sity of dividing into horizontal as well as vertical sections. If the latter is 
required, each vertical section may be handled by a separate system con- 
sisting of a single conditioner and fan delivering conditioned air to recircu- 
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lating fans supplying the horizontal sections. Zoning is obtained by 
proper allocation of the recirculating fans or other conventional methods 
used in conjunction with the recirculating fans. For general offices in 
particular, or types of buildings having a large perimeter, the use of one of 
the induction type units for perimeter treatment, combined with a con- 
ventional system for the treatment of the interior portions, offers pos- 
sibilities. 

High buildings having large floor areas may be successfully handled in 
many ways. Horizontal or vertical sectionalizing or both may be required, 
as determined by economic factors and physical limitations. Where 
vertical sections only are required, the use of a single conditioner and fan 
for each section delivering conditioned air to zone fans at various floors 
may be used. These zone fans can be so arranged that one recirculating 
fan can handle similar zones on several floors, thus reducing the number of 
fans required and providing a degree of vertical zoning. Where vertical 
sectionalizing is not indicated, tie building may be divided into hori- 
zontal groups, each group handled by a central system and adequately 
zoned. In some extremely large buildings apparatus rooms for the sys- 
tems may be located in the basement and in the attic and on intermediate 
floors. 

In high buildings having small floor areas the treatment required may 
be the same as for that of a vertical section of one having a large floor 
area. A single conditioner and fan can be used to deliver conditioned air 
to recirculating fans located at various floors. 

In all cases of high buildings the necessity for horizontal sectionalizing 
is indicated by the economic^ size of air supply and return risers and by 
the extent to which they encroach upon usable space. In all buildings the 
necessity for vertical sectionalizing is indicated by the economical size of 
horizontal supply and return ducts and the space requirements of these 
ducts. 

Usually the most simple systems are best adapted to theaters, audi- 
toriums, and similar applications. Zoning is seldom required other than 
in connection with auxiliary spaces served by the same system. A con- 
ventional central system with by-pass control possibly augmented by 
reheat usually will suffice. The auxiliary spaces may be supplied with air 
from the same system controlled by volume reduction and reheat. 
Balconies and large lobbies frequently justify the use of separate zoning fans. 

The foregoing are merely generalizations and suggestions. ^ It is the 
responsibility of the engineer to explore thoroughly the possibilities of all 
types of systems and employ that best suited to the purpose from a 
standpoint of maintained economy, maintenance, life, operation and 
physical applicability. 


EQUIPMENT SELECTION 

Other chapters cover in detail most of the items of equipment used in a 
centrd system. Each item must be selected not only on its own merits, 
but in rdation to all the other items that go to make up the complete 
centrd system. Each item should be considered from the standpoint of 
both initial cost and operating costs. Consideration must be given to 
performance at partial loads since most systems operate at full load but 
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a small percentage of time. Many items of equipment have been well 
standardized and are manufactured in certain definite sizes. The fullest 
advantage of this should be taken. One item that may be oversized of 
necessity may permit the use of a smaller piece elsewhere. 

Fans operate at full capacity continually in many systems and therefore 
should be selected for good efficiencies. In winter where higher tem- 
perature differentials are used it is possible to use lower air quantities 
and a two-speed motor may be provided for the fan, resulting in a power 
saving. In such cases the air distribution under the reduced volume 
should be investigated before providing this feature. 

In selection of the dehumidifier or conditioner the relation of this item 
to the refrigeration plant is to be given careful consideration. Frequently, 
it is possible to make a saving in the refrigeration plant by providing more 
surface ip the dehumidifier or conditioner. On the other hand, an excess 
of capacity in the refrigeration plant can be used to lower the apparatus 
dew-point (if the lower room humidity is satisfactory) resulting in a 
reduced quantity of dehumidified air and smaller dehumidifier. 

In winter, where preheating coils in outside air intakes are required and 
subjected to entering air temperatures below freezing, the coils should be 
selected for operation at full capacity whenever the entering air tem- 
perature is below 35 F or where throttling of the steam supply to the coils 
is desirable, a type of coil that is designed especially for this must be used. 
In many cases the use of preheaters is not justified since the temperature 
of the mixture of outside and return air may be entirely satisfactory. 

Where reheating coils are used after the supply fan, either as zone 
control reheaters or boosters, and are relatively near outlets, care is to be 
used to install these coils so that any stratification of temperature pro- 
duced by the throttling of the steam or water supply does not result in 
cold air being delivered to one outlet and warm air to another. Some 
types of coils that do not produce stratification under throttled con- 
ditions are commercially available. 

The selection of the refrigerating plant is in itself an economic study. 
The availability, consumption, and costs of condenser water are to be 
compared to the initial costs involved and water savings produced by the 
use of cooling towers or evaporative condensers. Whether or not a direct 
expansion or flooded system, cold water or brine type of plant will be 
used is not only a matter of initial cost but one of overall performance, 
operating economy, compactness, and in some cases, one of safety. Where 
water or brine is used as a cooling medium, the possibilities of using 
lower temperatures and decreased quantities of water or brine, with 
resultant savings in pumping power and line sizes, are to be considered 
with relation to the increased power consumption and probable increased 
cost of the refrigeration machine. 

Air cleaning devices are to be selected according to the particular 
requirements of the project as well as to existing atmospheric conditions. 
In some applications such as certain types of stores or departments in 
l^ge stora, lint screens should be provided for the return air as well as 
filters. Whether or not return air is to be filtered will depend upon the 
individual case and will be related to the amount of dirt or dust generated 
in or brought into the conditioned space from various sources. The type 
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of filter or cleaning device to be used depends largely on economic con- 
siderations. Obviously an expensive high efficiency cleaning device is not 
warranted where atmospheric dust or dirt is of such a nature that a less 
expensive, less efficient device will remove the more objectionable matter. 
Interior cleaning costs, dust and dirt damage, and hazard due to an 
accumulation of inflammable dust or dirt within the system are most 
important factors. 

Automatic instruments are nearly always used in present practice for 
the control of temperature and humidity and to an increasing extent in 
the control of large refrigerating plants as well as small ones. Whether 
electric or pneumatic controls are to be used is a function of the particular 
requirements of the application and with certain exceptions a function of 
economy. Either electrically or pneumatically operated controls can be 
made to serve the same purpose though the individual case may favor one 
or the other. A detailed discussion of automatic controls may be found 
in Chapter 34. One point is to be emphasized. In general, the simpler 
the control system the better it will perform. Control systems seldom 
receive the maintenance they deserve and the fewer the instruments and 
devices the better the care. Further, it is poor policy to provide, at 
additional expense, instruments of extreme sensitivity to devices in- 
capable of responding to the control demands. 

Insulation is an important factor in air conditioning systems. Its 
economics with regard to steam and water or brine piping are well known 
and need no comment. The insulation of duct work is not merely a 
matter of economics but sometimes is a necessity from the standpoint 
of limiting the temperature rise of the air even when the ducts are in 
conditioned spaces. This temperature rise of the air should always be 
taken into account when apportioning the air and sizing the ducts and will 
indicate the necessity for insulation. In some cases, leakage of air from 
the duct where the duct is in a furred space or chase will eliminate the 
need for insulation by maintaining a reasonable temperature surrounding 
the duct. 

There are practically no items of equipment associated with central air 
conditioning systems that are not subject to economic limitations as well 
as those of performance and duty and all of them should be considered in 
the selection. 


ARRANGEMENT OF EQUIPMENT 

A proper arrangement of equipment is essential for the proper function- 
ing of any system. Where systems are to be installed in existing buildings 
the arrangement of equipment may be limited by structural or space 
considerations, but no compromises that may prevent satisfactory opera- 
tion or mainteneince should be considered. 

The location of the apparatus room is often determined by building 
construction or available space. The closer the apparatus room to the 
conditioned space, the less expensive is the duct-work. On the other 
hand if the equipment generates noises it may be necessary to locate the 
room some chstance from the spaces or provide adequate sound and 
vibration treatment. The scattering of wet apparatus throughout a 
building is to be avoided unless suitable precautions are taken. It must 
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be remembered that encroachment on spaces that are otherwise usable 
can be charged against the system as an operating cost. 

In general the apparatus should be arranged to have straight line air 
flow. This is desirable but not always possible. Each change in direction 
is the source of air resistance, and in addition may cause eddy currents 
resulting in stratification. The usual order of equipment, beginning at the 
outside air intake is: outside air screen, outside air louvers, maximum and 
minimum outside air dampers, preheaters, return air connection, filters, 
conditioner, by-pass connection with or without reheaters, reheaters, fan 
and distributing ductwork. See Figs. 1, 2 and 3 for typical arrangenients. 
Use of one or more of the methods of zoning may require a modification of 
this order but usually only after the dehumidifier or conditioner. 

Outside air screens prevent the entry of large foreign matter, birds, 
etc. The use of louvers or a hood at the outside air intake prevents the 
entry of rain and snow. Both of these should be used on all systems. As 
pointed out earlier, the louvers and screens should be of sufficient size to 
permit the passage of the entire conditioned air quantity. 

The minimum outside air damper usually covers the entire face of the 
preheater, which in turn is selected for the minimum outside air quantity. 
The maximum outside air damper is designed for the difference between 
the dehumidified air quantity and the minimum outside air. Its size can 
be such that its air resistance when open will equal the air resistance of 
the open minimum outside air damper plus that of the preheater if used. 
Where the spaces conditioned are very tight against air leakage, some 
type of relief or positive exhaust may be necessary when all outdoor air is 
introduced to the system to provide some means of egress for the air. 
Such reliefs require back-draft dampers to prevent infiltration when all 
outdoor air is not being used. A return fan properly dampered as 
indicated later is sometimes used. 

The return air from the conditioned spaces usually is brought into the 
apparatus between the preheater and the filter. Just as it is necessary to 
make provision for using all outdoor air it is necessary to make provision 
for using all return air. Heating an unoccupied building or cooling it 
after a shut-down is easier if all the air used is return air. Consequently 
the return connections should be ample for this. In many cases higher 
velocities can be carried in the return ducts during such times, since the 
fan will exert a pull at the return connection nearly equal to the resistance 
of the outside air connection and the return ducts need not be larger than 
for normal return air quantities at normal velocities. In other cases it is 
possible that a reduced quantity of air due to the increased resistance of 
the return duct system may be satisfactory during the starting period. 
Where the return air system is extensive or complicated a return air fan 
is desirable. This fan can serve as a combination exhaust and return fan 
by arr^ging dampers in its discharge so that the necessary return air can 
be delivered back into the system and the remainder discharged outdoors. 
When all outdoor air is passed through the conditioner the entire return 
air quantity is discharged outdoors. 

The by-pass connection normally connects the return air duct system 
into the apparatus casing between the conditioner and fan. Usudly it 
is sized to handle about 50 per cent of the fan capacity where a variable 
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by-pass is used though extreme load variations may require a greater 
amount. It is at times good design to locate the reheater in the by-pass 
connection using a certain amount of by-pass air when heating is required. 
Since the relatively high resistance of the conditioner is to be balanced 
by the heating coil and by-pass connection, enough heating surface can 
be provided to raise the temperature of the by-pass air to the point where 
the mixture of by-pass air and conditioned air will have the required 
temperature. When a variable by-pass is used a damper working in 
opposition to the by-pass damper should be placed across the face of the 
dehumidifier, for unless the resistances of the two are most carefully 
balanced at all operating points the proper mixtures of air will not be 
obtained. The avoidance of by-passing outside air is again stressed. 
Where the by-pass is made a part of the dehumidifier or conditioner and 
located on the top or side of it, the return air connection should be made 
in such a way that stratification of return air is insured, baffles being 
provided to accomplish this purpose if necessary. Where return air and 
by-pass air connections are taken off a return duct system it may be 
necessary to install a back-draft damper between the return air con- 
nection and the by-pass connection, if the return duct system is extensive 
and the connections simple. In this instance, when the by-pass damper 
is at maximum opening it may be much easier for outside air to pass 
through the return damper, into the return duct connection and through 
the by-pass than for return air to pass through the by-pass connection 
into the fan. Air always takes the easiest path and if the dehumidifier 
resistance is high, and the return duct resistances low, this situation is 
apt to occur unless precautions are taken. A return fan instead of a 
back-draft damper may be required for this case if the failure of return air 
to reach the dehumidifier or conditioner is a serious matter under reduced 
load conditions. 

The location and arrangement of the dehumidifier, humidifier, or con- 
ditioner with reference to each apparatus assembly are more or less stand- 
ardized. In general, the outside air intake, preheaters, and return air 
connections precede the conditioner while the by-pass, reheaters and fan 
follow the dehumidifier. In the cases of the blow through system, where 
the fan is located ahead of the conditioner, the leakage of air at the con- 
ditioner is outward instead of inward and may be accompanied by water 
leakage unless the proper precautions are taken. 

The location of the complete apparatus assembly including the de- 
humidifier will be dependent on the type of building, spaces available, 
structural characteristics, etc. The type of conditioner used may limit 
the location under certain conditions. Where cooling coils employing 
chilled water or brine as the cooling agent are used there are few restric- 
tions with regard to location other than those of pumping power, working 
pressures, line costs, etc. Where open spray dehumidifiers are used ve^ 
definite limitations present themselves, and these may require certain 
extraneous equipment to make the system workable. If several spray 
type dehumidifiers are located on different levels, a surge or storage tenk 
to which the return water from each dehumidifier can be taken is required. 
Should the water level in the pan of the dehumidifiers be low in relation 
to that of the surge tank, return water pumps will be required, and these 
pumps will have to be operated until the water supply lines are drained in 
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order to prevent flooding of the lower dehumidifiers. Where spray de- 
humidifiers are on the same level, equalizing lines between the pans may 
be required if a storage tank is not provided. 

All of the various pieces of equipment from the outdoor air intake 
through the fan usually are connected together by sheet metal casings. 
Frequently the building structure or specially constructed walls or par- 
titions may be used to form all or portion of the casing. In any case the 
casing or connection must be sufficiently sturdy for the required duty. 
Sheet metal work must be well braced not only to prevent bellying or 
vibration under pulsations in air flow but to withstand the abuse of normal 
usage. Casings should be adequately braced wherever access doors are 
installed and all large panels should be adequately reinforced by angle iron. 
Each apparatus layout is to be made with accessibility in mind. Where 
cooling coils are used space for removing and repairing or replacing the 
coils should be provided. Adequate space is to be provided for the 
servicing and replacement of eliminators. Filters must be so located that 
the proper cleaning, replacement or routine servicing can be accomplished 
without difficulty. Free access to the bearings of all moving machinery 
is a necessity. Provisions should be made for the complete removal and 
replacement of any part of the system that is subject to wear, deteriora- 
tion or damage, whether it may be filter, fan wheel, motor, rotor, pump 
impeller or heat transfer surface. 

DESIGN PROCEDURE 

The customary design procedure is outlined herewith. For simpli- 
fication the procedure is set up on the basis of a year 'round system. For 
summer only or winter only systems, the unrelated parts are to be omitted. 

1. Selection of design conditions (inside and outside), 

a. Summer. 
h. Winter, 

2. Determination of outside air requirements. 

3. Determination of cooling load. 

a. Room sensible heat gain. 

b. Room latent heat gain, 

c. Room total heat gain. 

d. Grand total heat gain. 

4. Determination of heating load, 

a. Room sensible heat loss. 

b. Room moisture loss. 

c. Humidification requirement. 

d. Total heating requirement, 

5. Dete^ination of apparatus dew-point and dehumidified or humidified air quantity. 

a. Summer (full load and part load). 

h. Winter. 

6. Supply air temperature difference and quantity. 

a. Summer, 

i. Winter. 

7. Equipment selection. 

8. Equipment layout. 

The foregoing steps are merely typical. Many applications will require 
at least a preliminary investigation of some of the latter steps before 
proceeding with the earlier steps. 
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Unit Heaters, Centrifugal Housed Fan Type, Propeller Fan 
Type, Ratings, Boiler Capacity, Piping Connections, Unit 
Ventilators, Ratings, Applications, Air Vents, Window Venfi~ 
lators. Unit Humidifiers, Types of Units 

D escriptions of heating, coolmg, ventilating, humidifying, and 
dehumidifying systems are given in other chapters. This chapter 
deals with unit heaters, unit ventilators, and unit humidifiers. Cooling 
units, unit air conditioners, and attic fans are described in Chapter 23. 

In general a unit may be defined as a factory-made encased assembly of 
the functional elements indicated by its name, such as unit heater, unit 
ventilator, etc. These units are shipped substantially complete or built 
and shipped in sections so that the only field work necessary is the assem- 
bling together of the sections, without resorting to any field fabrication. 

A unit may be complete in itself, employing its own direct means of 
air distribution and source of heating, in which case it thus represents a 
complete self-contained unit. Or it may be coupled with separate means 
of air distribution such as duct work and outlets, in which case it will 
still be considered as a unit system, as contrasted with the generally 
accepted term of a central station system constructed and assembled in 
the field. 

Some advantages of unit equipment are lower cost per unit capacity, 
lower cost of installation, and flexibility and ease of installation. These 
units are also available in small capacities. 

Definitions^ 

1. A Heating Unit is a sFjecific air treating combination consisting of means for air 
circulation and heating within prescribed temperature limits. 

2. A Heating Air Conditioning Unit is a specific air treating combination consisting 
of means for ventilation, air circulation, air cleaning and heat transfer with control 
means for heating and maintaining humidity within prescribed limits. 

3. A Humidifying Unit adds water vapor to and circulates air in a space to be hu- 
midified. 


^Standard Method of Rating and Testing Air Conditioning Equipment, prepared by a Joint Committee 
of the American Society of Rdrigerating Engineers, American Society of Heating and VENimaTiNG 
Engineers, Refrigerating Machinery Association, National Electrical Manufacturers* Association and Air 
Conditioning Manufacturers* Association. 
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4. A Free Delivery Type Unit takes in air and discharges it directly to the space to be 
treated without external elements which impose air resistance. 

^ 5. A Pressure Type Unit is for use with one or more external elements which impose 
air resistance. 


UNIT HEATERS 

A unit heater consists of the combination of a heating element and fan 
or blower having a common enclosure and placed within or adjacent to 
the space to be heated. Generally no ducts are attached to inlets or 
outlets, although it is common practice with many unit heater appli- 
cations to equip the heaters with directional outlets or adjustable louvers. 



Fig. 1. Floor Mounted Unit Heater, Housed Type Fan 

While unit heaters are designed primarily to handle all recirculated air, 
they may be installed to handle either partial or total outdoor air. 

The heating surface may be in the form of non-ferrous or steel pipe 
coils, non-ferrous or steel pipe with extended surfaces, cast-iron, or 
pres^d or built-up sections of the cartridge or automotive type. The 
heating medium may be steam, hot water, gas or electricity. Air is 
always forced over or drawn through the heat transfer surface by a fan 
of either the propeller or centrifugal type. Direct fired units using coal, 
oil or gas for fuel are available. A properly designed and applied unit 
heater should: 

L Circulate air in the building at a rapid rate but without objectionable draft. 

2. Reduce the temperature differential between the floor and ceiling. 

3. Direct the heat^ air so that uniform temperature distribution will be obtained 
throughout the heated space. 

4. Prevent or remove the cold stratum of air commonly found at the floor level. 

5. Maintain a closer control of room temperature either manually or bv means of 

simple thermostats. ^ ^ 

6. Provide a me^s of saving floor area or room space due to the compactness of the 
equipment and flexibility of application. 
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Types of Units 

There are two major types of unit heaters, centrifugal housed fan type 
and propeller fan t^e. The housed fan type, as illustrated by Figs. 1 
and 2, delivers air at high velocity (1500 to 2500 fpm) and is equipped 
with outlets adjustable to deliver air in several directions. They are able 
to project their heating effect over distances of from 30 ft to as much as 
200 ft from the unit. However, they are more suited to long than short 
blow, except where the units are mouhted high above the floor and dis- 
charge at a sharp angle downward. As a rule these units can be located 
at considerable distances from each other, thus reducing the piping and 
conserving floor space usually allotted to heating equipment. 

The propeller fan type is divided into two classes of horizontal and verti- 
cal blow. The horizontal blow type, illustrated by Fig. 3, discharges air at 



from 400 to 1000 fpm. It ta!kes care of medium distances of blow, up to 
approximately 100 ft where mounting height is not too great and where 
other conditions are favorable such as final temperature and mass of air 
handled by the xmit. 

The vertical blow unit, illustrated by Fig. 4, discharges air at from 
1200 to 2200 fpm. These are mounted on ceilings of rooms or up in the 
roof trusses and blow vertically downward. Various diffusers are avail- 
able to take care of the height and space conditions. These units are 
applied to elevations of from approximately 10 ft to arotmd 50 ft above 
the floor. Where mounted in roof trusses, as in industrial buildings, they 
do not interfere witih traveling cranes and therefore permit application 
with overhead piping. A code® governing the number of sizes of propeller 
fan units as well as standardization of fan motors and the method of 
specifying outlet velocities has been adopted. 

Ratings 

Standard practice is to rate unit heaters in Btu per hour at a given 
temperature of air entering the heater and at a given steam pressure 

^Standards for Propeller Type Unit Heaters prepared and adopted by the Industrial Unit Heater Assch 
dation, June, 
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maintained in the heating element. Steam at 2 lb pressure and air 
entering at 60 F are used as the standard basis of rating. The capacity 
of a heater increases as the steam pressure increases, and decreases as the 
entering air temperature increases. The heating capacity for any con- 
dition of steam pressure and entering air temperature other than standard 
may be calculated approximately from any given rating by the use of 
factors in Tables 1 and 2, Table 1 is used for the blow-through type and 
Table 2 for the draw-through type of unit. The formulae given under 
tmii ventilators for calculating capacities also apply to unit heaters. 

Temperature differences per foot of elevation when using unit heaters 
are generally less than corresponding variations for spaces heated with 
direct radiation^. The temperature to be maintained in the room, for 
recirculating heaters with intakes at the floor level, should be considered 
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Fig. 4. Vertical Blow Unit Heater 


as the temperature of the air entering the beater. Where outside air is 
introduced, the temperature of the mixture must be calculated and used 
as the entering air temperature to the heater. Unit heaters taking in 
recirculated air at the floor level should maintain temperature differentials 
of less than 0.5 F per foot of elevation when the maximum capacity of the 
heaters is required. 

The temperature variation from floor to ceiling with recirculating unit 
heaters taking air at some distance above the floor may reach as much as 
one degree per foot of elevation during the periods when the maximum 
capacity of heaters is required. Suitable allowance for this temperature 
variation should^ be made when calculating the capacity of unit heaters. 
Generally speaking, high velocity discharge units will maintain slightly 
lower temperature differences than low velocity discharge units. Cor- 
respondingly, units with lower air discharge temperatures will maintain 
slightly lower temperature differences than units with higher discharge 
temperatures. Suspended type of units, illustrated by Figs. 2, 3 and 4, 


Testing and Rating Steam Unit Heaters (A.S.H.V.E. Transactions. 

, No. 95J— Temperature Gradient Observations in a Large Heated Space, 

by p W. Nelson and^q. C. Cromer (A.S.H.V.E. Transactions. Vol. 39. 19337p. SI)! 

10U~Teste of Three Heating Systems in an Industrial Type of Build- 
ing. by G. L. Larson. D. W. Nelson and John James (A.S.H.V.ETTiANSACTiONS. Vol. S;i93^ p? 1^ 
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N<de! To determine capacity at any steam pressure and entering temi)erature, multiply constant from table by rated capacity at 60 F entering and 2 lb pressure. 





To determine capacity at any steam pressure and entering temperature, multiply constant from table by rated capacity at 60 F entering and 2 lb pressure. 
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being located in an elevated position above the floor will withdraw air 
from this higher level and discharge the heated air down into the working 
zone. 

Unit heaters are customarily rated as free delivery type units. If out- 
side air intakes, air filters, or ducts on the discharge side are used with the 
unit a reduction in air and heating capacity will result because of this 
added resistance. The percentage of this reduction in capacity will 
depend upon the characteristics of the heater and on the type, design and 
speed of the fans so that no specific percentage reduction can be assigned 
for all heaters at a given added resistance. In general, however, disc or 
propeller fan type units will experience a larger reduction in capacity than 
housed centrifugal fan units for a given added resistance and a given 
heater will have a larger reduction in capacity as the fan speed is lowered. 
The ratings to be expected under such conditions should be secured from 
the manufacturer. 

Boiler Capacity 

The capacity of the boiler should be based on the rated capacity of the 
unit heaters at the lowest entering air temperature and highest fan speed 
that will occur, plus an allowance for pipe line losses. It is unwise to 
install a single unit heater as the sole load on any boiler, particularly if 
•die unit heater motor is started and stopped by thermostatic control. 
The wide and sudden fluctuations of load that occur under such con- 
ditions would require closer attention to the boiler than is usually 
possible in a small installation. Where oil or gas is used to fire the boiler, 
it is possible by means of a pressurestat to control the boiler, in response 
to this rapid fluctuation. In most cases, and particularly where the boiler 
is coal-fired, it is advisable to use two or more smaller unit heaters instead 
of one large unit. 

Steam pressures below 5 lb can be used with safety for recirculating unit 
heaters when their heating surfaces are designed for those pressures, and 
when proper provision is made for returning the condensate. If units 
admit air that may be at a temperature below freezing, a steam pressure 
of not less than 5 lb should be maintained on the heating element, or a 
corresponding differential in pressure between the supply and returns 
should be maintained by means of a vacuum. 

Piping Connections 

Piping connections for unit heaters are similar to those for other types 
of fan blast heaters. The piping of unit heaters must strictly conform to 
the system requirements while at the same time permitting the heaters 
themselves to function as intended. The beisic piping principles for 
steam systems are discussed in Chapter 15. 

Rapid condensation of steam, especially during heating-up periods, is 
characteristic of this type of equipment. The return piping must be 
planned to keep the heating surfaces free of rapid condensation, while the 
steam piping must be ample to carry a full supply of steam to the surfaces 
to take tie place of that condensed. An adequate size of pipe is therefore 
essential for all heating surfaces over which there is a flow of forced air. 
Especially is this true where the fan is operated under start-and-stop 
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control and where all or part of the air is from the outside. In such in- 
stallations the condensation rate may vary rapidly and the necessity for 
ample pipe capacity is particularly important. 

A method of connecting a unit heater to a one-pipe gravity system is 
illustrated in Fig. 6. In cases where the return main is located above the 
boiler water line, an artificial water line must be created by providing an 
equalizing loop to prevent steam passing into the return and thus into 
other units. 

Where there is a wet and dry return, a method of pipe connection is 
shown in Fig. 6. In this case the condensate from the heater and the 
drip from the supply main drop to the wet return by gravity, while the 



Fig. 5. Unit Heater Connection to Fig. 6. Unit Heater Connection to 
One-Pipe Gravity Steam System Gravity System with Wet and Dry 

Returns 


air passes upward through traps to the dty return and is vented from the 
entire system by a master trap in any suitable location. 

A piping arrangement where both the air and condensate pass through a 
common return to a boiler, with vent trap or condensate pump and 
receiver, is shown in Fig. 7 , The traps must pass air and condensate 
rapidly to keep the return piping partially full of water. 

Since^ unit heaters are often constructed with sufficient strength to 
resist^ high pressures, use of high pressure steam in them is a common 
practice. In Fig. 8 the condensate and air reach the return overhead 
through traps, and check valves are located in the return piping. 

For two-pipe closed gravity return systems, the return from each unit 
should be fitted with a heavy duty or blast trap, and an automatic air 
valve should be connected into the return header of each unit heater. 
Provisions must be made for compensating for the pressure drop by eleva- 
ting the unit heater above the water line of the boiler or of the receiver. 
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In pump and receiver systems the air may be eliminated by individual 
air valves on the heaters, or it may be carried into the returns the same 
as for vacuum systems and the entire return system be free-vented to the 
atmosphere, provided all units, drip points, and radiation are properly 
trapped to prevent steam entering the returns. 

On vacuum or open vented systems the return from each unit should 
be fitted with a large capacity trap to discharge the water of condensation 
and with a thermostatic air valve for eliminating the air, or with a heavy- 
duty trap for handling both the condensation and the air, provided the 
air finally can be eliminated at some other point in the return system. 

For high pressure systems the same kind of traps may be used as with 
vacuum systems, except that they must be constructed for the pressure 



Condensation into Dry Return 


used. If the air is to be eliminated at the return header of the unit, a 
high pressure air valve can be used; otherwise the air may be pass^ with 
the condensate through the high-pressure return trap, with its elimination 
at some other point in the system. 

Application 

Unit heaters are used principally for commercial and industrial appli- 
cations such as garages, factories, laboratories, etc. They may also be 
used for heating finished rooms if properly applied and concealed, and if 
some consideration is given to the problem of noise. 

Unit heaters may also be adapted to a number of industrial processes, 
such as dryitig and curing, with which the use of heated air in rapid circu- 
lation with uniform distribution is of particular advantage. They may be 
used for moisture absorption, such as fog removal in dye houses, or for the 
prevention of condensation on ceilings or other cold surfaces of buildings 
in which process moisture is released. When such conditions are severe, 
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it is necessary' that the unit heaters draw air from outside in^ enough 
volume to provide a rapid air change and that they operate in conjunction 
with ventilators or fans for exhausting the moisture-laden air. See dis- 
cussion of condensation in Chapter 4. 

There are three major factors to consider in the application of unit 
heaters, namely: (1) location of unit, (2) air distribution, and (3) 
heating medium. 

Heaters may be distributed through the central portions of a room 
discharging toward exposed surfaces, or may be spaced around the walls, 
discharging along the walls and inward as well, especially when there are 
considerable roof losses. In general, it is better to direct the discharge 
from the unit heaters in such fashion that rotational circulation of the 
entire room content is set up by the system rather than to have the heaters 
discharge at random and in counter-directions. 

Various types and makes of unit heaters are illustrated in the Catalog 
Data Section of this edition. As hot blasts of air in working zones are 
usually objectionable, heaters mounted on the floor should have their 
discharge outlets above the head line and suspended heaters should be 
placed in such manner and turned in such direction that the heated air 
stream will not be objectionable in the working zone. In the interest of 
economy, however, the elevation of the heater outlet and the direction 
of discharge should be so arranged that the heated air shall be brought as 
close above the head line as possible, yet not into the working zone. In 
general, the higher the elevation of the unit, the greater the volume and 
velocity required to bring the warm air down to the working zone, and 
consequently, the lower the required temperature of the air leaving the 
unit. 

Direct-Fired Uziits 

The previous discussion related generally to units in which steam or 
hot water is used as the heating medium. Electric unit heaters are used 
where electric power is abundant and cheap or where other forms of fuel 
are scarce and expensive. The low first cost, easy control, £tnd inexpen- 
sive installation of this type of unit permit their use where heating is 
required for short periods of time (see Chapter 44). 

A development in gas burning equipment is the direct-fired industrial 
unit air heater. Direct-fired oil and coal units are also available. These 
heaters are of the warm-air type and are equipped with fans which cause 
the air to pass over the heating surfaces at a fairly high velocity and then 
direct the warm air into the space to be heated. Partial or complete 
automatic control also may be secured on appliances of this type. This 
type of heater is often used for temporary heat during building construc- 
tion or where the installation of a steam or hot water plant is for some 
reason not justified. For permanent installations, it is usually advisable 
to provide an exhaust duct from the gas-fired unit heaters to remove 
products of combustion from the occupied space. While this is not 
necessary in large open industrial plants, in smaller closed rooms, it 
becomes essential. 

Where high pressure steam is available it is sometimes used to drive a 
steam turbine direct-connected to the unit heater. The exhaust from this 
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turbine, reduced in pressure, is then passed into the heating coil where it 
is condensed and returned to the boiler. 

UNIT VENTILATORS 

Unit ventilators are similar in principle and design to unit heaters. 
They are used to supply air with a discharge temperature at or slightly 
higher than room temperature. Also they are provided with an arrange- 
ment for introducing outdoor and recirculated air in varying quantities. 
If the unit is only used for circulating air, then radiators or some other 
equipment must be provided for heating the room. Unit ventilators are 
intended primarily for schools, offices, and semi-commercial establish- 
ments. A typical unit ventilator is illustrated in Fig. 9. A roof ventilator 



Fig. 9. Typical Unit Ventilator Showing One of Many Arrangements 
OF Dampers and Heating Coils 

used for exhausting air is sometimes termed a unit ventilator. For 
information on roof ventilators, see Chapter 42. 

Ratings 

Unit ventilators are customarily furnished with two ratings, one estab- 
lished by measuring the air quantities with an anemometer and the other 
by condensation. The latter is determined on the basis of standard air. 
For the former, capacities vary from 750 to 10,000 cfm. Each size inay 
be equipped with radiators for various rates of condensation, to give 
different final temperatures for a given air capacity and entering tem- 
perature, thus enabling the engineer to select the unit best adapted to the 
heating and ventilating load. Relatively low final temperatures are con- 
ducive to the smallest temperature variation throughout a room. Table 
3® shows the air handling capacities by the two methods of rating and also 
approximate heating data. 


•A.S JI.V.E. Standard Code for Testing and Rating Steam Unit Ventilators (A.S.H.V.E. Transactions. 
Vol. 38. 1932. p. 26). 
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Table 3. Typical Capacities of Unit Ventilators 
FOR AN Entering Air Temperature of Zero 


Cubic Feet OF Am PER Minute ' Total Capacity in' Capacity Available for 


Anemometer 

Rating 


Condensate 

Rating 


Square Feet. Equiv- 1 Heating the Room, Square 
; alent Direct > Feet Eqltvalent Direct 
1 Radiation 1 Radiation ^ 


If no direct heating surface (radiation) is installed to take care of the 
normal heat transfer losses, and the unit ventilator is to be used for both 
heating and ventilation, then the combined requirements must be taken 
care of by the unit ventilator. When all of the air handled by the unit 
is taken from the outside, the total heat to be supplied is obtained by 
means of Equations 1, 2 and 3. 

Ht - 0.24 W (ty - to) (1) 

W =:d 60 Q (2) 

9) 


d « density of air, pounds per cubic foot. 

H s= heat loss of room, Btu per hour. 

iTv ~ heat required to warm air for ventilation, Btu per hour. 

Ht = total heat requirements for both heating and ventilation, Btu per hour 
== if + j?v. 

Q ~ volume of air handled by the ventilating equipment, cubic feet per minute. 
t = temperature to be maintained in the room, degrees Fahrenheit. 

= outside temperature, degrees Fahrenheit. 
ty = temperature of the air leaving the unit, degrees Fahrenheit. 

W = weight of air circulated, pounds per hour. 

0.24 = specific heat of air at constant pressure. 

From Equations 1, 2 and 3: 

Ht = i? + 0.24 60 0 - to). (4) 

Example 1 . The heat loss of a certain room is 24,000 Btu per hour, and the ventilating 
requirements are 1000 cfm. If the room temperature is to be 70 F and all air is taken 
from the outside at zero, what will be the total heat demand on the unit if it is required 
to provide for both the heating and ventilating requirements (combined system)? 

Solution. Substituting in Equation 4: 

Ht « 24,000 -h 0.24 X 0.075 X 60 X 1000 (70 - 0) = 99,600 Btu per hour 


0.24 X 0.075 X 60 X 1000 


+ 70 = 92.2 F. 


When part of the air handled by the unit is taken from the room and the 
remainder from the outside, 
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Ih = 0.24^0 {h “ ^o) + 0.24 Wi ity - t) (5) 

where 

Wo = weight of air, pounds per hour taken from out-of-doors. 

Wi == weight of air, pounds per hour taken from the room. 

Wo = do 60 Qo (6) 

Wi = di 60 Qi (7) 

where 

do = density of air, pounds per cubic foot at temperature to, 

di = density of air, pounds per cubic foot at temperature t. 

Qo = volume of air taken in from the outside, cubic feet per minute. 

Qi = volume of air taken in from the room, cubic feet per minute. 

^ “ 0.24 (Wo + Wi) 

Ht = H + Q.'24:do 60 Qo (t - «o) (9) 

Equations 5, 6, 7, 8 and 9 may be used in the same manner as is illus- 

trated previously for Equations 1, 2, 3 and 4. It may be noted in Equa- 
tion 9, representing the total heat requirements, that as the quantity Qo is 
diminished the heat requirements for the unit diminish very materially. 

In Example 1, if the quantity of air taken in from the outside is reduced 
to zero, or all of the air handled by the unit is recirculated, the total heat 
requirements Ht reduce from 99,600 to 24,000 Btu per hour, or to about 
one fourth. Such a unit handling one third of its air volume from the 
outside and two thirds from the room would show a total heat require- 
ment of 24,000 + g = 59,200 Btu per hour. Units 

designed and operated on this principle show an average heat requirement 
and, therefore, a boiler capacity requirement of less than 50 per cent of 
that required for units taking all their air from the outside. 

If all of the air is recirculated, the total heat required is the same as the 
heat loss of the room, or 

n't = H = 0.24 W (ty - t) (10) 

If the heat loss of the room is to be taken care of by the direct heating 
surface, the unit ventilators will be required to warm the air introduced 
for the ventilating requirements. Therefore: 

Hy = 0.24 W (ty - ^o) (11) 

In this case ty should be equal to or slightly higher than t. If the unit 
ventilator were of such capacity as to exactly provide for the ventilating 
requirements, the direct radiation would be selected on the usual basis. 
However, it is necessary to ejnploy a unit which may not exactly meet the 
ventilating requirements, since standard units are usually rated in terms 
of the volume of air that will be delivered at a certain temperature ty for 
an initial temperature of to. Therefore a certain amount of heat (Hh) 
may be available from the unit ventilator for heating purposes, as pre- 
viously stated, and the amount of equivalent direct heating surface may, 
if desired, be deducted from the amount required for heating the room. 
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Applications 

Items to be considered in the application of unit ventilators are: (1) 
combination with other means of heating, (2) location of units, and (3) 
method of venting or exhausting. 

In a split system the unit is used primarily for ventilation. Air is 
delivered to the room at or slightly above room temperature, and enough 
radiation is installed in the room to take care of the normal heat transfer 
losses. Where the unit ventilator selected has a capacity more than 
sufficient to warm the air needed to meet the ventilating requirements, a 
corresponding reduction may be made in the amount of direct radiation 
installed. The greater the amount of excess capacity of the unit, the more 
efficient will be tfie temperature regulation of the room. The split system 
permits the heating of the room during failure of electric current, since the 
direct radiators will furnish heat, but it permits a careless operator to 
avoid operating the ventilating equipment. 

The combined system employs a unit ventilator with sufficient capacity 
for both ventilation and the normal heat transfer losses. In such a case 
no direct radiation is required. It then becomes necessary for the fan 
to be running whenever the room is heated, but this also gives assurance 
of ventilation, especially if automatic dampers are used in the air intake 
from out-of-doors and in the recirculating intake arranged so as to give 
a certain quantity of air from the outside (commensurate with weather 
conditions) whenever the unit is operating and after the room is heated. 
The cost of installation of a combined system is usually less than that of 
a split system and there is less danger of overheating, but if the electric 
energy fails there will be practically no heating. 

The location of the unit ventilator in a room is important. Wherever 
possible it should be placed against an outside wall. It is difficult to 
obtain proper air distribution if the unit is erected either on an inside 
wall or in a corner of the room. Standard units discharge the air stream 
upward, but for special cases units may be installed to discharge air 
horizontally. Units may be set away from the wall or partially recessed 
into the wall to save space without materially affecting the results. The air 
inlet may enter the cabinet at the back at any point from top to bottom. 


Air Vents 

The size and location of the air exhaust vent® outlet is important. In 
many cases the sizes for public buildings are regulated by law, but the 
location of the vents generally is left to the discretion of the engineer. 
See table of state codes and standards in Chapter 48. 

Best results have been obtained with a velocity through the vent 
openings nearly equal to that at which the air is introduced into the room, 
thus maintaining a slight pressure in the room. Calculated velocities at 
the vent openings of from 600 to 800 fpm produce the best diffusion 
results from this system. 

The cross-sectional area of the vent flue itself may be figured on the 
basis of 15 sq in. of flue for each 100 cfm. Thus the vent flue area of a 


‘A.S.H.V.E. Report No. 936— Investigation of Air Outlets in Class Room Ventilation, by 

Nelson and IL W. Kubasta (A.S.H.V.E. Transactions. Vol. 38, 1932, p 463). 
Rkearct Report No. 101^—^^ Supply to Classrooms in Relation to Vent Flue Openings, 
by F. C. Houghten, Carl Gutberletand M. F. Lichtenfds (A.S.H.V.E. Transactions, Vol. 41 IQS.*?, p. 27^. 
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flue for a room equipped with, one 1200 cfm unit ventilating machine 
would be 180 sq in. The area of vent flue opening from the room may be 
figured on the basis of 25 sq in. per 100 cfm. 

In school buildings provided with wardrobes or cloakrooms the vents 
may be so located that the air shall pass through these spaces, ventilating 
them with air which otherwise would be passed to the outside without 
being used to the best advantage. Many state codes for ventilation of 
public buildings make this arrangement mandatory. 

Much controversy exists regarding the use of corridor ventilation in 
school building practice, one group holding the view that when each 
classroom has a separate vent flue there is a minimum fire risk and less 
likelihood of cross-contamination, while others emphasize the economy 



Fig. 10. Typical Window Ventilator 


features of the corridor discharge and minimize the fire contamination, 
and other hazards. 


WINDOW VENTILATORS 

A window ventilator illustrated in Fig. 10 consists of filters and motor 
driven fans enclosed in a cabinet to be mounted on the window sill. These 
units accomplish ventilation, air cleaning, and air circulation, but have 
no means of heating the air. The direction of air discharge is manually 
adjustable for seasonal operation. Their operation is controlled by an 
electric switch. 

UNIT HUMIDIFIERS 

A unit humidifier consists essentially of some t 3 q)e*of equipment for 
adding moisture to the air, usually a fan to draw the air through the 
humidifier, and in some cases tempering coils and filters, all encased in a 
single cabinet. These units are generally used in conjunction with heating 
systems which do not provide the necessary humidification during winter 
operation. In any type of unit humidifier, the process of adding moisture 
to the air requires heat from a heating coil, water, or air itselF. 

^Estimating the Humidification Requirements of Residences, by W H. Sevems (Papezs Presented at the 
First j'^nual Conference on Air Conditioning. University of Illinois, Engineering Experiment Station 
Circular^ No. 28. October, 1936). 
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Types of Units 

Small unit humidifiers in decorative casings are made for applications 
where it is desired to place the unit directly in the room to be humidified. 
These units are usually of the atomizing type and are completely self- 
contained. The humidifier water is either supplied by a reservoir which 
must be refilled at intervals or may be supplied from a water main by 
means of a float control. In most units the fine spray of water is mixed 
with some room air and the mixture is discharged directly into the room. 
Since these units have no heating element the heat required for humidi- 
fication in this method is obtained by transforming some of the sensible 
heat of the air to latent heat. 

Another type of small unit humidifier employs the principle of vapor- 
izing the water by the direct application of heat. One method commonly 


FIRST FLOOR LINE- 



DAMPERS AND 
LOCKING QUADRANTS 


OUTSIDE AIR 


Fig. 11. Typical Unit Humidifier of the Spray Type with Steam Coil 
TO Preheat the Air for Residences 


used is to immerse an electric heating element in a reservoir of w^ater 
to heat it until some of the water is vaporized into the air stream. 

A third type of unit humidifier used extensively is the larger spray type 
of unit to deliver enough humidifying capacity for a residence or small 
building. In this type of unit either the water or air is heated. Fig. 11 
illustrates a U^jical unit of this type. These units usually include air 
filters and in some cases provide ventilation air by means of an outside air 
duct connection to the unit. The units are available for either floor or 
ceiling mounting and are usually placed in a central location in the base- 
ment with short supply and return duct connections from the first floor. 
Room air is brought into the unit through the return duct connection and 
first passes over a tempering coil heated by steam or hot water, then is 
humidified by passing through some type of spray humidifier. Surplus 
moisture is removed by an eliminator and the humidified air is delivered 
to the room through a duct connection*. Since a large percentage of the 
tempering coil capacity is transformed into latent heat during the 
humidifying process, the unit does not generally eliminate any existing 
steam radiation but does tend to improve comfort conditions by supplying 
heating during the off-period of furnace operation. 

F or a complete discussion of the principles of the various methods of 
humdification, refer to Chapter 27. 


428 



CHAPTER 23 


^nit C^onclitionet*6y %^nit C^ooierS^ 


^ctnd 


Definition of Types, Unit Air Conditioners, Heating, Venti- 
lating, Humidifying, Cooling and Dehumidifying, Filtering, 
Ventilating, Types of Units, Application, Ratings, Unit Air 
Coolers, Design and Performance, Types of Units, Ratings 
Defrosting, Economics, Attic Fans 


A n assembly of functional elements, as indicated by the name, 
comprises the unit air conditioner or unit air cooler. Such a unit 
when complete in itself, employing its own direct means of air distribution 
and source of refrigeration is known as a self-contained unit. When used 
in various combinations with remote sources of refrigeration, heat or air 
supply, it is termed a remote unit, indicating that the source of refrig- 
eration is not contained within the unit cabinet. Either the self-contain^ 
or remote type units may be located within or without the conditioned 
area, and are a separate classification from the central plant type of 
system, as described in Chapter 21. 

The code, Standard Method of Rating and Testing Air Conditioning 
Equipment^, defines the various types of unitary equipment: 

1. A Cooling Unit is a specific air treating combination consisting of means for air 
circulation and cooling within prescribed temperature limits. 

2. An Air Conditioning Unit is a specific air treating combination consisting of means 
for ventilation, air circulation, air cleaning and heat transfer with control means for 
maintaining temperature and humidity within prescribed limits. 

3. A Cooling Air Conditioning Unit is a specific air treating combination consisting of 
means for ventilation, air circulation, air cleaning and heat transfer with control means 
for cooling and maintaining temperature and humidity within prescribed limits. 

4. A Self-Contained Air Conditioning or Cooling Unit is one in which a condensing 
unit is combined in the same cabinet with the other functional elements. Self-contained 
air conditioning units are classified^ according to the method of rejecting condenser heat 
(water cooled, air cooled, and evaporatively cooled), method of introducing ventilation 
air (no ventilation, ventilation by drawing air from outside, ventilation by exhausting 
room air to the outside, or ventilation by a combination of the last two methods), and 
method of discharging air to the room (free delivery or pressure type). 

5. A Free Delivery Type Unit takes in air and disch^es it directly to the space to be 
treated without external elements which impose air resistance. 


'Prepared by a Joint Committee of the American Society of Refrigo'ottng Engineers, American Society 
OF Heating and Ventilating Engineers, Refrigerating Machinery Association, National Electrical Manv^ 
facturers* Association, and Air Conditioning Manufacturers' Association. 

^Standard Method of Rating and Testing Self-Contained Air Conditioning Units for Comfort Cooling 
prepared by a Joint Committee of the American Society of Refrigerating Engineers, American Society op 
Heating and Ventilating Engineers, Refrigerating Machinery Association, National Electrical Manu- 
facturers' Association, and Air Conditioning Manufacturers' Association. 
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^ 6, A Pressure Type Unit is for use with one or more external elements which impose 
air resistance. 

7. A Ftirced-Circulation Air Cooler is a factory encased assembly of elements by which 
heat is transferred from air to evaporating refrigerant®. 

UNIT AIR CONDITIONERS 

This equipment takes the form of an encased assembly including the 
apparatus necessary to perform either some or all of the functions of 
cooling, dehumidifying; filtering, ventilation, air circulation, heating, 
and humidifying. Control of air conditions is provided by manual 
switches, manual dampers, and automatic devices, in combination. The 
controls are either mounted on the units, or in some suitable location in 
the conditioned area. See Chapter 34 for a discussion of controls. 

The various conditioning elements and their functions, which produce 
the required effects on air, are discussed under separate headings. 

Heating 

Heating is usually accomplished by means of a heating coil in the unit, 
supplied with steam or hot water from an external source. Electric strip 
heaters may also be considered, where installation and operating costs 
justify their use. They are often used in special control applications. 
Reverse cycle heating as described in Chapter 25 has been developed as a 
feature in some unit air conditioning equipment, but this form of heating 
has not yet been generally adopted. 

Humidifying 

Adding moisture to the air involves the absorption of heat, by the 
humidifying water, for conversion to water vapor. Heat may be supplied 
by heating the humidifying water, or supplied from the air to be humidi- 
fied. In the latter case the air may be warmed or the water finely divided 
to present a large evaporating surface to the existing air. The source of 
heat may be from electricity, steam or hot water coils, or from a heat 
transfer surface as in a direct-fired unit. Occasionally vapor is added 
directly by means of steam jets but this is usually confined to industrial 
applications because of the presence of some odor from the steam. 
Methods and types of humidifying apparatus are dealt with in detail in 
Chapter 27. 

For unit application, some of the available methods are the spray 
nozzle, or the atomizing nozzle, the impact-jet, the drip screen and the 
evaporating pan. The first method is usually employed where humidi- 
fication on a large scale is desired, as with large remote industrial units. 
Eliminator plates are necessary and the water supply may be recirculated 
with a pump or wasted to the drain. The drip screen, impact-jet, evapo- 
rator pan or small atomizing jets are used when humidification is desired 
in the smaller remote and self-contained units. 

Wetted surfaces exposed To the air stream and utilizing the capillary 
action of water on porous substances such as fabrics and ceramics, are 
used for adding moisture to air. Frequent cleaning or replacement is 

for Forced-Ciroilation Air Coolen 
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necessary to avoid closing of the pores and to maintain freedom from 
odors or growths on the humidifying element. 

Cooling and Dehumidifying 

These two functions of air conditioning are usually performed simul- 
taneously, although both may be done separately. For example, air may 
be dehumidified or dehydrated without sensible cooling by the process of 
adsorption. Sensible cooling of air may be accomplished without dehu- 
midifying by maintaining the cooling surface temperature above the 
dew-point temperature of the air to be treated. Chapter 24 explains 
these fundamentals in detail. 

Unit equipment commonly utilizes heat transfer surface such as pipes 
or coils, through which a cooling medium as cold water or a refrigerant, 
is circulated. Types and methods of generating cooling mediums are 
covered in Chapter 25. Brine or water sprays may be used if desirable, 
either separately or in combination with coil or pipe surface. However, 
these methods find their best application in the larger, remote type units. 
Surface temperature and area of the coil or pipe, air volume and velocity, 
and spray temperature and volume are some of the controlling factors 
in unit air conditioner design and application. Ice as a cooling medium 
is practical but is seldom used in connection with units. 

Filtering 

Cleaning of outside or recirculated air discharged to the conditioned 
area is one of the important functions of air conditioning, and air filters 
should be included on all units which condition air for comfort. Pro- 
tection is also afforded the cooling and heating coils as well as the con- 
denser coil in the case of the air cooled type. 

Means of filtering may vary from the lint screen to the electrostatic 
filter, with the degree of efficiency covering a wide range. Inexpensive 
throwaway type filters lend themselves well to the compact design of the 
unit conditioner. Air cleaning devices form the subject of Chapter 29. 

Ventilating 

Provision for the introduction of outside air should be an essential part 
of unit conditioner design. Odors and air vitiation are avoided and better 
load control is possible when a positive means of introducing outside air 
is available. 

On the small, air cooled room units, it has been found practical to con- 
trol the air in such a way as to permit variation from all recirculated air 
to 100 per cent outside air. An added feature is a dampering arrangement 
whereby it is possible to exhaust air from the room to remove smoke and 
generally ventilate the space. 

A code^ sponsored by a Joint Committee of the A.S.H.V.E. and the 
American Society of R^rigerating Engineers may be consulted, although 
it should be realized that individual applications may often show a need 
for ventilation in excess of these minimum requirements. 

^Code of Minimum Reciulrements for Comfort Air Conditioning (A.S,H.V.E. TnANSAcnoNS, VoL 44, 
1938, p. 27). R^rints of this code are available at $0.10 a copy. 
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Types of Units 

Unit air conditioners fall into two general classifications, depending on 
the location of the refrigeration source. Those units having the con- 
densing unit completely enclosed in the same cabinet as the evaporator 
are known as self-contained types, while those units having the condensing 
unit remotely located from the evaporator and requiring piping of 
refrigerant from the condensing unit to the evaporator and return are 
known as remote types. 

Self-contained units are further dmded into two groups in accordance 
with their condensing mediums, being either air-cooled or water-cooled. 
Evaporative cooled types are included in this latter class. 

The air-cooled types are small in capacity, ranging from H to hp. 
Their principal application is for conditioning such spaces as hotel rooms, 
offices and residential living quarters. A duct connection between the 



Fig. 1. Self-Contained Air-Cooled Unit Air Conditioner 

unit and an outside window or ventilated air shaft is required to permit 
disposal of the heat extracted from the conditioned area. The unit may 
stand in front of the window or be mounted on the window sill. Various 
styles and types of windows are encountered which increase the difficulty 
of making the window connections. The evaporation of condensate on 
the condenser coils, as a means of disposing of this moisture, tends to 
increase the condensing capacity and reduce the operating head pressure. 
Some units add supplementary water so that increased capacity may be 
obtained from constantly wetted condenser coil surface. Connections to 
an electrical outlet may be by means of a conventional cord and plug or a 
permanent electrical connection, depending on local code rulings per- 
taining to the installation of small motors. The exterior finish of the unit 
in metal, wood or fabric is decorated to harmonize with office or bed- 
room furnishings. 

A unit of the air-cooled condenser type for floor mounting is shown in 
Fig. 1. Of the two fans shown, the lower one acts as condenser air fan, 
and in some units this fan is arranged with slingers for discharging con- 
densate on the condenser coil while the upper fan discharges air into the 
conditioned area. A feature of the design shown in Fig. 1 is that the 
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condensate from the cooling coil is sprayed over the condenser surface 
and vaporized, thus eliminating the need for drain connections. A 
simple tampering arrangement is generally provided for exhausting some 
air from the room, in addition to introducing outside air and recirculating 
required amounts of air. It is possible to remove the equipment for 
winter storage or utilize the ventilating features for winter operation. 

Water or evaporative-cooled units start at 1 hp in size and may be as 
large as 30 hp. Condensers requiring water use either city water, well 
water or recirculating water from a cooling tower. Evaporative con- 
densers are seldom used on units under 5 hp. 

The heat generated by the compression of refrigerant gases and that 
given off by the electric motor is removed from the compressor compart- 
ment in four ways: by the use of a water coil in the compressor compart- 
ment; by means of utilizing the cold suction gases; by drawing part of 
the return air through the compressor compartment and finally by 
circulating room air through the compressor compartment by means of a 
fan attached to the motor shaft. 

The smaller water-cooled units have somewhat the same application as 
the air-cooled units. Water and drain facilities must be available and, 
although window connections are not required for heat disposal, it is 
desirable to have an outside air connection for ventilation purposes. 
Electrical wiring is generally permanently connected. 

Up to 7H 01* 10 hp in size the units are usually styled for locating 
directly in the conditioned area. Above this size the tendency is to 
locate the equipment adjacent to the conditioned area, with supply and 
return duct connections. Compressor compartment heat is removed by 
the same methods described previously. 

On water units of the vertical type of 6 hp and under, use is made of 
air distributor headers, equipped with directional louvers, on one or more 
sides, for discharging the air directly into the conditioned space in which 
the unit is located. Above 5 hp this method usually becomes impractical 
and a system of ducts is employed. Arrangements for outside air supply 
are similar to those in central plant design, although simpler, hand 
operated dampers are usually employed. 

Accessory equipment for the self-contained unit conditioners includes 
heating coils, humidifiers, and controls for utilizing the unit for winter 
heating and ventilating. Refinements of dust and odor control and 
constant temperature and humidity regulation are considered to be 
special application problems with this type of equipment. 

A typical unit with water-cooled condenser is illustrated in Fig. 2. 
The header arrangement permits air distribution in several directions, and 
in such a way as not to fall on the room occupants.^ All side panels are 
removable for complete access to equipment. It is only necessary to 
bring water, drain and electrical service to the unit, and a source of heat 
if desired. 

Remote type units cover a much broader range of size and application 
and generally are used in connection with or in lieu of a central plant 
system. They may be used individually or in groups in the place of 
self-contained equipment. 
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Without the weight of the refrigerating equipment, these units may 
be located almost any place space permits, such as suspending from 
ceilings, on roofs and in basements, or in the conditioned area itself. All 
combinations of filtering, humidification, cooling and heating may be 
employed, with control as elaborate or as simple as is required. The 



Fig. 2. Self-Contained Water- 
Cooled Air Conditioner 


Fig. 3. Vertical Remote Type 
Unit Air Conditioner 


remote unit is particularly adaptable where a variety of application con- 
ditions is to be met from a single source of refrigeration, such as the 
modern industrial plant which may have a laboratory, executive offices, 
a cafeteria, together with various processing departments. 

The cooling and heating mediums, consisting of a refrigerant, chilled 
water or brine, and steam or hot water, are piped to the units, and transfer 
takes place by means of coils, or in the case of air washers, by means of 
water or brine sprays in the air stream, or a combination of the two. 

The floor mounted or vertical type and the suspended or horizontal 
type of remote units are respectively shown in Figs. 3 and 4. The cabinets 
are generally of sheet steel, insulated to prevent heat transfer, finished to 
prevent corrosion and suitable for applying additional decoration if 
desired. 

A spray t^e remote unit is illustrated by Fig. 5. Many designers 
prefer the air washing and coil wetting features. Air is circulated by 
means of attached or built-in fans, delivering the conditioned air through 
a system of ducts which include outside air connections if desired. 
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Some types of units, mostly those suitable for suspension, employ a 
propeller fan such as in Fig. 6. These are located in the conditioned area, 
are without ducts and seldom do more than cool and dehumidify, due to 
the design of the propellor fan for moving air against low resistance. 
Generally these units are provided with a lint screen instead of filters to 
limit resistance to air flow. 

Individual floor mounted type remote units are available for use in 
offices or hotel rooms. Similar in appearance but somewhat smaller in 



Fig. 4. Horizontal Remote Type Unit Air 
Conditioner 


Fig. 5. {right) Spray Type Remote Unit Air 
Conditioner 
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size than the self-contained room unit, this form of equipment may be 
grouped: 

1. Mechanical, year 'round type containing blowers, filters, humidifiers and coils, 
with outside air connection. Manual or automatic controls provided with each unit. 

2. Mechanical, semi-year 'round type with no outside air connection, containing 
blowers (filters optional), and coils. UsiuJly used where there is an existing radiation or 
ventilating system. Controls provided with each unit. 

3. Non-mechanical type containing coils, using air ejected under pressure from a 
remote soturce for inducing circulation over coils (see Chapter 21). Manual or auto- 
matic control of air temperature only is provided. Both summer and winter air con- 
ditioning functions may be performed by the one unit. 

One coil for cooling and heating may be provided or a single coil used, 
through which hot water in winter and cold water in summer is circulated. 
All three types of systems require remote sources of refrigeration, with 
the first group obtaining outside air from the window, the second group 
having no outside air unless used in connection with a central plant or 
ventilating system and in the case of the third group, all air delivered 
under pressure is outside air. 

Various combinations or alterations of these room imits are available. 
Different filtering, humidifying and air delivery methods are employed 
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to achieve the desired conditions. A typical remote floor type room unit 
air conditioner is shown in Fig. 7. 

Application 

In the application of unit air conditioners it is important to consider 
several factors: 

1. Location of equipment. 

2. Air distribution. 

3. Multiple units versus central station system. 

4. Multiple remote unit system versus a self-contained unit system. 

5. Methods of control. 

6. Methods of conserving water. 

7. Code limitations. 

In choosing locations for air conditioning units, consideration must be 
given to the characteristics and use of the conditioned space; type of 
system contemplated; duct locations; sources of power, water, refrigera- 
tion, heating and drainage; and accessibility of equipment and system 
for maintenance. 

Where units are placed within the conditioned area, particular atten- 
tion must be given to air distribution, sources of outside air and con- 
venience to service sources and facilities previously noted. Skill and 
ingenuity are required to produce a neat appearing, inconspicuous job 
without sacrificing quality from an engineering point of view. Furring 
in of duct work, and building in and refinishing to match existing furniture 
and fixtures are ways this may be accomplished. Where location of 
equipment outside of conditioned space is possible, use may be made of 
storage rooms, halls, basements or any space less valuable than that to be 
conditioned. Less emphasis need be placed on the appearance of equip- 
ment. 

However, choices of equipment location are frequently influenced by 
such economic factors as long runs of insulated ducts in order to locate 
units near refrigeration sources, versus short duct runs but long extensions 
of service facilities. Care must be taken that equipment will not be 
damaged by climatic conditions. 

Air distribution from units located within the conditioned area is by 
means of grilles, either fixed or adjustable and mounted in air distribution 
headers, either furnished with the unit or constructed at the installation 
to meet the needs of the application under consideration. A system of 
ducts and distribution grilles may also be used, similar to the arrangement 
used when equipment is outside of the conditioned area. The problem of 
securing a supply of outside air is often a difficult one. The proper design 
of ducts is of major importance for good air distribution. Chapters 31 and 
32 are devoted to these subjects. 

^ In the analysis of any large structure to be air conditioned which is 
divided into small spaces, such as an office building or hotel, a comparison 
should be drawn between the use of units and a central plant system. 
This study is one of economics, and should include such factors as first 
cost, installation costs, obsolescence, depreciation, maintenance costs, 
return on investment, flexibility, time of installation and possible loss of 
useful space, during installation. ' 
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This same analysis should be extended to include a comparison of 
remote units with self-contained units. Self-contained units are possible 
where short term leases are involved, or where wiring can readily be 
brought to location or where existing water and drain facilities are 
adequate to handle the increased demand of water-cooled models. On 
the other hand, remote type room units contain less mechanical ma- 



Fig. 6. Suspended Propeller Fan Type Unit Air Conditioner 



chinery, avoid the operating cost penalty of an air-cooled condenser, as 
in the case of the self-contained, air-cooled room units, and seldom reqiiire 
heavy wiring to handle the fan load. In general, the smaller remote units* 
are more suitable for use with new construction, where the units will 
probably remain during their useful life. This condition may change 
where larger, ceiling mounted units are compared with the floor mounted 
self-contained units. Controls are essential in unit application and range 
from the simple snap switch of a room unit to elaborate means of cohttpl- 
ling temperature, humidity and air movement in laboratory an4 testing 
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room application. The criterion of a well controlled installation is one 
which has neither too few nor too many controls. (See Chapter 34). 

With the expansion of cities during the past decade, the problem of 
water supply has become a costly and ever present problem^ Con- 
sequently, laws are appearing designed to restrict the usage of water 
wherever possible, particularly when substitute means are available. 
Evaporative condensers and cooling towers (described in Chapters 25 and 
27) are means devised to save large quantities of water in this connection. 
Most manufacturers furnish equipment designed for use in combination 
with these water savers. 

Municipal plumbing, heating, electrical and refrigeration codes, as well 
as fire underwriter restrictions, are likewise having their effects on the 
application of unit air conditioners. Meeting municipal and national 
code requirements should be an important item in connection with the 
installation of any unit equipment. 

Ratings 

There are two codes governing the rating and testing of unit air con- 
ditioners. The first code, Standard Method of Rating and Testing Air 
Conditioning Equipment®, covers all types of air conditioning units except 
the self-contained type. The latter is covered by the second code, The 
Standard Method of Rating and Testing Self-Contained Air Conditioning 
Units for Comfort Cooling^. The two codes are necessary because of the 
basic difference caused by the heat given up by the self-contained units. 
The standard rating conditions for self-contained unit air conditioners, 
as given in the code, are set forth in Table 1. 

The standard rating of a self-contained unit for the conditions specified 
in Table 1 include all items which apply to the function of a unit as: 
(1) name of unit, (2) functions which unit performs, (3) data on cooling, 
(4) data on heating, (6) data on air flow, and (6) data on humidification. 

The standard rating conditions for unit air conditioners, other than the 
self-contained type, are identical to those in Table 1 except the entering 
wet-bulb temperature for cooling is expressed as 50 per cent relative 
humidity (66.7 F wet-bulb) instead of 67 F wet-bulb temperature. In 
addition, the saturated suction refrigerant temperature for comfort 
cooling is specified at 40 F. This condition is omitted from Table 1 for 
self-contained units as immaterial in the rating of a unit that includes the 
evaporator and condensing unit. 

UNIT AIR COOLERS 

This type of unit is primarily intended to perform the main function of 
cooling air, with humidity control a secondary function within the limita- 
tions of the design. The main application of this equipment is in process 
and product refrigeration such as cold storage warehousing, fruit and 


Conservation of ItaderCTound Water with Suggestions for Control, by Noel E. Porter 
CA.Sn.V.E. Transactions, Vol. 47, 1941, p. 309). 

•Loc. Cit. Note 1. 
noc. Cit. Note 2. 
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Table 1. Standard Rating Basis for Self-Contained Air Conditioning Units 


Functions 

Types of Units 

Rating Condition 

Item 

Description 

Value 

All 

All 

a 

Barometric Pressure 

29.92 in. Hg. 


Water-Cooled, 
Air-Cooled 
and Evapora- 
tively Cooled 
Condensers 

b 

Unit Ambient and Air Entering 
Room — ^Air Inlet 

(1) Dry-Bulb 

(2) Wet-Bulb 

80 F 

67 F 


c 

Ventilation Air 

See Note 

Cooling 

Water-Cooled 

Condensers 

d 

Water Temperature Entering Unit 

75 F 


e 

Water Temperature Leaving Unit 

95 F 


Air-Cooled 
and Evapora- 
tively Cooled 
Condensers 

f 

Air Entering Outside Air Inlet 

(1) Dry-Bulb 

(2) Wet-Bulb 

95 F 

75 F 


All Types 
Provided 
with Heating 
Function 

% 

Unit Ambient and Total Air Enter- 
ing Unit 

70 F 

Heating 

h 

Heating Medium, Pressure or 
Temperature 

(1) Dry Saturated Steam 

(2) Water In 

(3) Water Out 

16.7 lb per 
sq in. abs. 
180 F 

160 F 


All Types 
Provided with 
Humidifying 
Function 

i 

Unit Ambient 

70 F 

Humidifying 

3 

Total Air Entering Unit 

(1) Dry-Bulb ! 

(2) Wet-Bulb 

70 F 

53F 

Air 

Circulation 

All 

k 

Filters 

New and 
Clean 


Note: Rating ehall be based on both ventilation and recirculated room air entering at 80 F dry-bulb 
and 67 F wet-bmb temperature. (The Note as given in the code has been condensed in order to remove 
material not pertinent to this chapter). 


vegetable packing, in breweries, and in wholesale and retail food markets; 
although some comfort cooling may be obtained by the use of a unit 
similar in design to this type of unit as previously explained and as 
illustrated by Fig. 6. 

Application of the unit method, of air cooling with mechanical circu- 
lation is comparatively recent, being an improvement over the pipe or 
finned coil, which depended on gravity for circulation. Bunkers were 
sometimes constructed around the coils to direct the ciir flow ^d some- 
times fans were used for forcing air over the coils. The location of the 
unit air cooler is usually within the refrigerated area, but the larger, 
blower type models may be remotely located. 
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Design and Performance 

Greater application and use of commercial refrigeration have resulted 
from the development of the unit air cooler. Flexibility of design has 
permitted almost any condition to be met. By varying such physical 
features as the method of introducing the refrigerant into the coils, the 
depth of coil rows and area of their surfaces, and the air volume over the 
coils, the designer is able to produce a wide range of performances and to 
offer many desirable features not obtainable with the coil and bunker 
method. More uniform temperatures, high relative humidity, moderate 



Fig. 8. Ceiling Type Unit Air Cooler 


first cost and a minimum of installation expense are likewise factors in 
their development. 

New uses have appeared for unit air cooler application in industrial and 
commercial processes involving both the raw materials and finished 
product, where the maintenance of low temperatures is a necessary part 
of these processes. Of particular interest is the new field of extreme low 
temperature application where many new uses for refrigeration are being 
found. 

Types of Units 

The two standard types are the suspended or ceiling type, and the 
vertical or floor mounted type. There are variations of this such as the 
panel type which is wall mounted and arranged to take in air from the 
lower section and discharge it from the upper section. 

The ceiling type has the appearance of a unit heater, with its propeller 
type fan blowing air through a bank of coils as shown in Fig. 8. Singly or 
in combination, they are easily installed and occupy little or no useful 
space. Alterations may be accomplished with little cost by relocating 
units or adding additional ones for increased capacity. 

The floor mounted types employ blower type fans, as their air deliveries 
are higher and their locations may be remote from the space to be refrig- 
erated. This type of unit is illustrated by Fig. 9. Air velocities and 
volumes must be designed for the individual application. This type of 
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unit may employ a pump to spray a eutectic solution over the coils for 
the purpose of avoiding frosting as shown in Fig. 10. 

Ratings 

In order to rate and test equipment of this kind which normally operates 
below the frost line, a proposed code, Standard Methods of Rating and 
Testing Forced- Circulation Air Coolers for Commercial and Industrial 
Refrigeration®, has been issued. This proposed standard covers only the 




Fig. 9. Surface Type Cooling Unit Fig. 10. Brine Spray Type Cooling Unit 

modifications of the Standard Method of Rating and Testing Air Con- 
ditioning Equipment^, as it is related to the different application of unit 
air coolers. In this standard, the gross cooling effects are taken since the 
motor power input equivalent is to be computed as part of the load. 

From this code Table 2 is abstracted to show standard rating con- 
ditions for forced-circulation air coolers. Other modifications take into 
consideration the effect of frost formation on the coils and the time of 
the test runs are adjusted to meet these conditions. 

Defrosting 

Unit air coolers are often required to operate in rooms where air and 
refrigerant temperatures are below the freezing point. This results in the 


«Loc. Cit. Note 3. 
•Loc, Cit. Note 1. 
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Table 2. Standard Rating Conditions for Air Coolers 


Group No. 

Entering Dry-Bulb 
Temperature, 

Deg F 

Entering Relative 
Humidity, 

Per Cent 

Evaporating 

Temperature, 

Deg F 

I 

45 

85 

30 

II 

35 

85 

25 

III 

35 

85 

15 

IV 

0 

85 

-10 

V 

0 

85 

-20 


freezing of the condensation on the coils and this accumulation of frost 
builds up to such an extent that there is a loss of capacity. This deposit 
is removed from the coils by the process known as defrosting which may 
be accomplished by several methods; 

1. Where the room temperature is above the freezing point, the flow of refrigeration 
to the coils is halted and the fan continued in operation until the coils are d^rosted, 

2. The hot gas defrosting method is accomplished by a valving arrangement whereby 
hot compressed gases from the compressor ^e pumped directly into the evaporator. 
This operation is continued until defrosting is complete, when the system is returned 
to normal operation. 

3. Where brine is used as a refrigerant, hot brine may be circulated through the coils. 

Where the frosting is^ particularly heavy it is sometimes more advisable 
to apply the source of heat externally. This principle of defrosting is 
accomplished by: 

4. Defrosting by warm air is accomplished by dampering arrangements which permit 
the cooler fan to draw warm air from a source outside of die refrigerated space, pass it 
over the coils and discharge it outside of the refrigerated space. 

5. Constant wetting of the coils with a brine or eutectic solution prevents the for- 
mation of frost. This is accomplished on a vertical unit air cooler as shown in Fig. 10. 

6. Electric heating elements, placed in such a manner that the fan forces the heated 
air over the coils. 

7. A simple means of defrosting is by means of water sprays placed so the coil is 
thoroughly wetted during the defrosting process. City water at ordinary pressures is 
used. The fan is not running during this operation. 

Those systems using method 5 have the problem of removing con- 
densation from the eutectic solution. One way is to waste the entire 
charge when dilution has rendered it ineffective. Another method 
employs a device which boils off the water and returns the eutectic 
solution to the system for further use. 


ECONOMICS 

In the planning and desiring of a unit system or in comparing uni ts 
with central plant application, a systematic approach to the problem 
should be made from the economic viewpoint. 

First Costs. The question of first cost is but one factor in the economic 
approach of a skillful designer or an intelligent buyer. 

1. Epiipme^, _ The use of a large percentage of factory fabricated equipment to 
maintain installation costs at a minimum, as represented by self-contained units, should 
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be contrasted with the use of systems with a large percentage of installation labor and 
material, such as a central station system. The remote unit offers a compromise between 
these two. 

2. Installation costs. The influence of existing codes and ordinances, and installation 
conditions, involving new construction or treating an existing structure deserve careful 
consideration. Methods which are suitable for new construction, often may not be 
applied on buildings erected in the past. Sprinkler system rearrangements, fire doors 
and dampers, restrictions on multiple direct expansion units, rewiring or increasing 
service, cutting or reinforcing of ceilings and roofs are some items which should receive 
attention in this respect. 

Operation and Maintenance. Tenants or occupants usually operate the 
self-contained equipment, which also le;nds itself readily to contract 
service for maintenance. Central plants require operating engineers in 
attendance who also frequently service the equipment. The remote 
units require a combination of these two methods of operation with 
maintenance by building personnel. 

Water and power costs per season can be tabulated and compared for 
the various systems and an estimate of the costs of replacement material 
such as filters, belts, oil, refrigerant and wearing parts should be included 
on an annual basis. 

Such questions as obsolescence, depreciation and return on investment 
are subjects for special study and investigation. Due consideration 
should be given to the value of resale of equipment and its portability 
in the event of removal to new locations. 

ATTIC FANS 

Attic fans are used during the warm months of year to draw large 
volumes of outside air through a house and offer a means of using the 
comparative coolness of outside evening and night air to lower the inside 
temperature. 

Because the low static pressures involved sure usually less than in. 
of water, disc or propeller fans are generally used instead of the blower 
types. The fans should have quiet operating characteristics, and they 
should be capable of giving about 20 to 30 air changes per hour in northern 
areas. In the South the usual specification requires one air change per 
minute which provides appreciable air movement in addition to lowering 
the inside air temperatures^®. 

Types 

Open attic fans are units in which the fan is installed in a gable or 
dormer of the attic and one or more grilles are provided in the floor of the 
attic, permitting air to flow from the hall below. Outdoor air, which 
enters the house through open windows, is drawn into the attic through 
the grilles, and is discharged outside by the fan. An attic stairway may 


i®Coinfort Cooling with Attic Ventilating Fans, by G. B. Helmrich and G. H. Tuttle (A.S.H.V.E. Trans- 
actions, Vol. 40. 1934, p 155). A.S.H.V.E. Research Report No. 979 — Study of Summer Cooling in the 
Research Residence for the Summer of 1933, by A P. Kratz and S. Konzo CA S H.V.E. Transactions, 
Vol. 40, 1934, p. 167). A.S.H.V.E. Research Report No 1198 — The Effect oi Attic Fan Operation on the 
Cooling of a Structure, by W. A. Hinton and A F. Poor (A.S H.V.E. Transactions, Vol 48, 1942, p. 145). 
The Installation and Use of Attic Fans, by W. H. Badgett (Agricultural and Mechanical College of Teacas, 
BuUetin, No. 52. 1940), 
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be used in place of the grilles. It is essential that the roof and the attic 
walls be free from air leaks. 

Boxed-in fans are units in which the fan is installed within the attic in 
a box or housing directly over a central ceiling grille, or in a bulkhead 
enclosing an attic stair. The fan may be connected by a duct system to 
the grilles in individual rooms. Outdoor air entering through the windows 
of the rooms below is discharged into the attic space and escapes to the 
outside through louvers, dormer windows, or screened openings under 
the eaves. 

Another version of the attic fan is the window fan for use when attic 
application is not feasible or.no attic is available. Supplied with a 
perforated or expanded metal enclosure and mounted in either the upper 
or lower window section, this fan is easy to install or move to another 
location. 

The locations of the fan, the outlet openings, and grilles should be 
selected after consideration of the room and attic arrangements in order 
to give uniform air distribution in the individual rooms served. If the 
outlet for the air is not on the side away from the direction of the pre- 
vailing wind as in the case of the boxed-in fan, openings should be provided 
on all sides. Kitchens should be separately ventilated because of the fire 
hazard, and to prevent the spread of cooking odors. 

The window fan may be located in a hall or an unused bedroom. Noise 
of operation is more of a problem with the window fan than with the attic 
type, although care should be taken to locate either type of fan so that 
possible complaints are not forthcoming. 

These fans range in capacity from 3000 to 30,000 cfm. The window 
type usually does not exceed 8000 cfm, while the most generally used attic 
type ranges from 8000 to 16,000 cfm. Power consumption is under 50 
watts an hour per 1000 cfm of rated output for the 8000 cfm fan and 
larger while the watts input for smaller fans is greater than this figure. 
Improved results can be secured with the window fan by closing off 
parts of the house where ventilation is not desired. 
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2iek umidi^ication. and ^l^eL^dratlon 


Definitions and Methods, Adsorbents, Absorbents, Nature of 
Processes, Temperature — Pressure — Concentration Relations, 
Dehydration Methods, Auxiliaries, Controls, Performance, 
Economics 


T he interchange of sensible or latent heat between air and a con- 
trolling medium requires (1) that the controlling medium be held at 
the necessary temperature or vapor pressure to produce a flow of heat or 
moisture in the desired direction, and (2) that sufficient contact be 
obtained between the air and the controlling medium to produce the 
desired final air condition under the temperature or vapor pressure head 
causing the heat flow. The medium may be brought into direct contact 
with the air by means of a water spray or steam humidifier or the heat 
transfer may be effected through a barrier surface such as that of a steam 
radiator or direct expansion cooling coil. 

Heat interchange is obtained when molecules of air are brought into 
close proximity with the medium or heat transfer surface. These naole- 
cules then re-mix and transfer heat to other molecules in the air stream. 
For a given heat head the effectiveness of interchange is a direct function 
of the number of such successive contacts, and is a measure of the ef- 
fiency of the surface^. The contacting surface may be that of the medium 
such as a finely atomized spray or the bed of a solid dehydrating agent; 
or a chilled or warmed metal surface, as in a coil; or a combination of 
medium and surface, as in a packed tower, in which the medium produces 
the interchange and the surface provides the necessary contact area. 

DEFINITIONS AND METHODS 

There are several basic methods of producing the necessary difference 
in temperature or vapor pressure between air and the medium employed 
to achieve cooling or dehumidificafion, or both simultaneously: 

Cooling of air involves its reduction in temperature due to the abstraction of sensible 
heat. It is always a result of contact with a medium held at a temperature lower than 
that of the air. Cooling may be accompanied by moisture addition (evaporation), by 
moisture extraction (dehumidification), or by no change of moisture content whatever. 
Moisture change, if present, is considered as a secondary or by-product effect. As 
previously stated, the medium may be directly in contact with the air (as water, brine, 


iThe Contact Mixture Analogy Applied to Heat Transfer with Mixtures of Air and Water Vapor, by 
W. H. Carrier {A.SM.E. Transactions, Vol. 59, 1937). 
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or ice), or indirectly through a barrier wall (as cooling surface). When the latter method 
is used, and the surface temperature is held above the air dew-point, only cooling occurs 
without moisture interchange. 

Evaporative Cooling involves the adiabatic exchange of heat between air and a water 
spray or wetted surface. The water assumes the wet-bulb temperature of the air, which 
remains constant during its traverse of the exchanger. No heat is added or abstracted 
from the medium (water), which is continually recirculated. Cooling of the air occurs 
due to the temperature and vapor pressure difference between entering air and water at 
the wet-bulb temperature. Humidification occurs as a result of the vapor pressure 
exerted by the water which is higher than that corresponding to the entering air dew- 
point. Since this is an adiabatic exchange, the enthalpy of the air remains constant, 
while the dew-point rises and the dry-bulb falls, and the loss of sensible heat exactly 
equals the gain in latent heat (neglecting radiation losses). The maximum available 
temperature reduction is the total difference between entering dry- and wet-bulbs (wet- 
bulb depression). Equipment delivering air at a dry-bulb temperature equal to the 
wet-bulb temperature is termed completely saturating or 100 per cent efficient, since the 
air leaves in a saturated state. Equipment delivering air at a dry-bulb temperature 
above the wet-bulb temperature is termed partially saturating. 

Evaporative cooling is being used advantageously in many parts of the country. It is 
particularly applicable (1) in districts where the normal maximum wet-bulb temperature 
remains sufficiently low during the cooling season, and (2) in applications where the 
cooling load is principally sensible heat. 

Dehumidification of air, in its broadest connotation, means simply the removal of 
moisture Usage in the art has restricted the application of the term, so that the former 
broad meaning is now properly covered by the complementary names dehumidification 
and dehydration. Dehumidification usually refers to the condensation of water vapor 
from air due to its contact with a chilled medium (see Cooling). This type of heat 
exchange invariably includes temperature reduction due to removal of sensible heat. 
In practical applications dehumidification is generally the by-product of a sensible 
cooling operation. When moisture removal is the prime consideration it is frequently 
necessary to cool air to a greater extent than can be balanced by normal sensible heat 
gain in order to remove the required amount of water vapor by condensation. In this 
case it is necessary to restore sensible heat to the dehumidified air stream by re-heating. 

Dehydration refers specifically to the removal of water vapor from air due to its 
contact with a dehydrating agent. The primary distinction between dehumidification 
and xiehydration is the manner in which the required vapor pressure at the surface of 
the contacting medium is obtained. In the case of dehumidification, this surface vapor 
pressure is always the same as that which would be exerted by a body of water (or ice) 
at that same surface temperature. In the case of a dehydrating agent, the surface vapor 
pressure is always lower than that exerted by water at the same temperature, and the 
effectiveness of the medium as a dessicant is largely a function of the amount by whidi 
this vapor pressure can be lowered at the working temperature involved. 

Thus it is evident that the primary function of a dehydrating agent is to maintain a 
vapor pressure lower than that of the water vapor in the air in order to secure a removal 
of moisture from the air. In its simplest form the process is essentially an adiabatic one 
in which the latent heat lost by the mixture is converted to sensible heat which raises the 
temperature of the air and medium by an equivalent amount. This process is therefore 
an energy exchange, similar to, but the reverse of, adiabatic saturation or evaporative 
cooling. 

Combination Methods. It is evident that two or more of the above processes — cooling, 
evaporative cooling, dehumidification and dehydration— may be combined by the 
proper application of interchangers in sequence. Such combinations are dictated by the 
availability of prime sources and cost of energy as well as the requirements of the par- 
ticular application in question. 

This chapter discusses in detail the engineering and economic principles 
involved in the application of dehydration. For similar discussion of the 
other processes, refer to the following material: Cooling and dehumidi- 
fication by the use of surface interchangers (cooling coils), see Chapter 26. 
Cooling, dehumidification and evaporative cooling with air washers, see 
Chapter 27. For sources of cooling involving city and well water and 
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cooling towers, see Chapter 27, while for mechanical refrigeration and 
ice, refer to Chapter 25. For the thermodynamics of evaporative cooling, 
see Chapter 1. 

DEHYDRATING AGENTS 

Dehydrating agents may be divided into two general classifications : 

1, Adsorbent — material which has the ability to condense water vapor on its internal 
surfaces without itself being changed physically or chemically. Certain solid materials, 
such as silica gel, activated alumina and activated carbon have this property. 

2. Absorbent — material which has the ability to take up water vapor but which 
changes physically, chepiically, or both, during the cycle. Calcium chloride is an example 
of a solid material while liquid materials include solutions of lithium chloride, calcium 
chloride, lithium bromide and the ethylene glycols. 

Adsorbents 

These substances contain a vast number of sub-microscopic pores 
which afford a tremendous internal surface to which water adheres or is 
adsorbed. In spite of a porous structure these substances retain sufficient 
mechanical strength to resist the wear and handling to which they are 
subjected. To be suitable for dehydration purposes such substances 
must fulfill the following requirements: 

1. Possess suitable vapor pressure characteristics. 

2. Be available at a reasonable economical cost. 

3. Adsorb sufficient moisture per pound of material to avoid excessive bed dimensions. 

4. Be chemically stable, resisting contamination from impurities. 

5. Be physically rugged to resist breakdown from handling, abrasion, etc. 

6. Be able to withstand breakdown from indefinitely repeated reactivation cycles. 

7. Be capable of reactivation at reasonable temperatures. 

Aluminum Oxide (Alumina) in a porous, amrophous form is one of a 
series of solid absorbents derived from salts of aluminum and frequently 
called by the common name activated alumina. Commerical activated 
alumina commonly used for atmospheric dehydration contains about 
92 per cent of AhOz combined with hydrated aluminum oxide and traces 
of soda and other metallic qxides. It is available in ^anules ranging 
from, a fine powder to pieces approximately 1.5 in. in diameter. It has 
high adsorptive capacity per unit of weight and is non-toxic. It may be 
repeatedly re-activated after becoming saturated with adsorbed moisture 
without practical loss of its adsorptive ability. In the grade frequently 
used for air drying the re-activation may be accomplished at temperatures 
under 350 F. Specific gravity is 3.25 and the pores are reported to occupy 
58 per cent of the volume of each particle. For most estimating purposes 
the volume-weight relation on a dry basis may be taken as 50 lb per 
cubic foot although in the smaller sizes the packed weight may be as 
much as 64 lb per cubic foot, 

Silicon Dioxide (Silica), in a prepared form obtained by suitable mixing 
sulphuric acid with sodium silicate, is another solid adsorbent and is 
commonly called silica gel. Its capillary structure is exceedingly small, 
so small that its exact structure has to be deduced as it cannot be observed. 
It has high adsorptive capacity per unit of weight; it is non-toxic, and rnay 
be repeatedly re-activated at temperatures up to 600 F without practical 

447 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


deterioration. Re-activation is generally accomplished with air or other 
gases at temperatures not over 350 F. Volume of the capillary pores is 
reported to be from 50 to 70 per cent of the total solid volume. Silica gel 
is available commercially in a wide variety of sizes of graded granules 
ranging from 3 to 8 mesh granules to impalpable powder (through 325 
mesh). The 6 to 16 mesh granules are generally used in atmospheric 
dehydration applications and will vary in density from 40 to 45 lb per 
cubic foot. 

There are other solid substances having marked adsorbent properties, 
but details concerning them are not available. Among such substances 
are activated charcoal and lamisilate. Most adsorbents have the ability 
to absorb some gases and condensible vapors other than water vapor, a 
property sometimes useful in air conditioning applications, and one which 
accounts for the extensive use of adsorbent materials in the field of 
chemistry. 

Air to be dehydrated or dehumidified is drawn or blown through a 
screened bed of dry, solid adsorbent and the water vapor in the air- vapor 
mixture is caught and retained in the pores of the medium. The exact 
nature of the process which goes on during adsorption is not known but 
it is stated that the action is brought about by surface condensation, and 
also by a difference between the vapor pressure of the water condensing 
inside the pores and the partial pressure of the water vapor in the air- 
vapor mixture. The adsorbing process in the bed can continue until the 
vapor pressures reach equilibrium. The amount of vapor adsorbed will 
depend on the characteristic of the adsorbent being used, the temperature 
of the air and the bed, the vapor pressure of the water vapor in the air 
being passed through it, and its final vapor pressure or moisture content. 

As the bed of material adsorbs moisture, its vapor pressure approaches 
that of the contacting air and the efficiency of adsorption gradually 
decreases. Equilibrium throughout the whole bed will not be reached for 
an extended period depending on bed thickness. Because of this diminish- 
ing efficiency of adsorption, commercially designed systems do not 
approach the state of equilibrium, but generally operate on a predetermined 
cycle or contact time and at partial saturation. 

As the process of adsorption goes on heat is liberated in the bed. The 
total heat so liberated consists of the latent heat of the water vapor con- 
densed together with the so-called heat of wetting of the adsorbent. For 
silica gel, the total heat of adsorption will amount to approximately 
1293 Btu per pound of water vapor adsorbed from the air-vapor mixture 
being passed through the bed. The heat of wetting varies with the 
substance used as adsorbent while the latent heat of condensation depends 
only on the temperature and pressure of the water vapor. 

Since the adsorptive ability of an adsorbent depends on the tempera- 
ture of the bed and on the vapor pressure difference between the pores 
and the air-vapor mixture, it is important to know the pressures and 
temperatures at which pressure equilibrium is reached. 

Evidently the equilibrium conditions represent the limits beyond which 
adsorption of vapor cannot continue. This relationship for one com- 
mercial silica gel of 0.70 density is shown graphically in Fig. 1. These 
curves indicate the general manner in which adsorbents may be expected 
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to perform, though the exact form and values of the curves will vary for 
each specific adsorbent and may vary even within the same generic group. 

As an example in the interpretation of the chart consider the case when 
moist air at a temperature of 80 F and a partial vapor pressure of 0.5 in. 
of mercury flows through a bed of silica gel which is at a temperature of 
80 F. The chart indicates that the equilibrium of pressure between the 



Fig. 1. Temperature — ^Vapor Pressure — Concentration Relation for 
A Silica Gel Bed at Constant Temperature 

air-vapor mixture and the bed is reached when the dry bed has adsorbed 
moisture to the extent of 30 per cent of the weight when dry. When this 
happens the bed can adsorb no more moisture unless its temperature 
is decreased or the air vapor pressure increased. 

The effect of temperature upon the adsorptive capacity of silica gel 
may be observed by following the 59 F dew-point line in Fig. 1. At 80 F 
gel temperature equilibrium is reached at 30 per cent moisture con- 
centration while at 120 F and 200 F equilibrium is reached at 12 and 
6.6 per cent moisture respectively. 

Under normal reactivation temperatures the residual water content 
of silica gel is between 5 and 6 per cent. 

In practice, the temperature rise in the dehydrated air caused by the 
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adsorption heat is approximately 10 F for each grain of moisture removed 
per cubic foot of air at atmospheric pressure. This temperature rise 
occurs progressively through the adsorbent bed and is an important con- 
sideration in predetermining the performance of a given design of ap- 
paratus. Data such as these together with information covering other 
characteristics, such as specific heat, resistance to air flow, etc., are of 
value in the basic design of adsorption dehydration apparatus. In the 
solution of air conditioning problems, however, reference must be made 
to performance data on established apparatus designs such as are pre- 
sented later in this chapter. 

Absorbents 

Any absorbent substance may be used as an air drying agent if it has 
a vapor pressure lower than the vapor pressure in the air-vapor mixture 
from which the moisture is to be removed. 

Solid Absorbents. The substances used are in general the solid forms of the liquid 
absorbents, more commonly calcium chloride due to its low cost. At present they are 
used principally in small dessicating chambers, and in small dryers of the cartridge type, 
through which air is forced under pressure. 

Liquid Absorbents. These are characteristically water solutions of materials in which 
the vapor pressure is reduced to a suitable level by governing the concentration and 
temperature of the dehydrating solution. In addition to having suitable vapor pressure 
characteristics a practical absorbent must also be widely available at economical cost, 
be non-corrosive, odorless, non-toxic, non-inflammable, chemically inert against any 
impurities in the air stream, stable over the range of use and especially it must not 
precipitate out at the lowest temperature to which the apparatus is exposed. It must 
have low viscosity and be capable of being economically regenerated or concentrated 
after having been diluted by absorbing moisture. 

Water solutions, or brines, of the chlorides or bromides of various 
inorganic elements such as lithium chloride and calcium chloride are the 
absorbents most frequently used in connection with air conditioning 
applications and detailed attention is confined to these two in this chapter., 

The application consists of bringing the air-vapor stream into intimate 
contact with the absorbent, permissibly by passing the air stream through 
a finely divided spray of the brine but more generally by passing the air 
over a contacting pack where the liquid absorbent presents a large surface 
to the air stream. The difference in vapor pressure causes some of the 
vapor in the air- vapor mixture' to migrate into the brine. Here it condenses 
into liquid water and decreases the concentration of the absorbent. 

As the water vapor is added to the absorbent and condenses, it gives up 
its latent heat of condensation. For every pound of water absorbed and 
condensed the heat released is obtainable from steam tables. For in- 
stance, at a dew-point temperature of 60 F the amount of this heat is 
about 1057 Btu. In addition to this heat there is involved also the so- 
called heat of mixing which is frequently considerable. The heat thus 
produced in the contacting packs of the average air conditioning instal- 
lation is to a large extent transferred to the chemical solution itself and 
the balance to the air being dried. 

A more complete cycle involves heat removal from the contacting 
medium, either within or external to the interchanger. Thus the tem- 
perature of the medium may be higher than, equal to, or lower than that 
of the air, depending on the agent used and the function to be performed. 
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In such a cycle, the dehydration process may be accompanied by cooling 
or heating, or neither, and such effect, if present, may be either a neces- 
sary by-product of the process, or for the specific purpose of obtaining 
both latent and sensible heat removal simultaneously. In many in- 
dustrial applications it is not necessary to aftercool the air. In applica- 
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Fig. 2. Temperature — Pressure — Concentrations for Lithium Chloride 


tions requiring low dry-bulb temperatures excess sensible heat must be 
removed by an aftercooler. 

Since the absorption process can continue only as long as there is a 
difference in vapor pressure between the absorbent and the air-vapor 
mixture and since at a given temperature of the absorbent the vapor 
pressure depends on the concentration of the solution, evidently there 
must be a relation between these quantities which if known would state 
the limits of the process. The relationship would also depend on the 
absorbent being used, and would have to be determined for each sub- 
stance used as an absorbent. This relationship is shown graphically in 
Fig. 2 for lithium chloride, and Fig. 3 presents similar data for calcium 
chloride. These charts are essentially similar to Fig. 1, and their direct 
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Table 1. Properties of Lithium Chloride Solutions 


Concen- 
tration 
Pound 
Mols 
(42.4 Lb) 
LiCl PER 
1000 Lb 
Water 

Concen- 

tration 

Per 

Cent 

BY 

Weight 

Specific 

Gravity 

at 

100 F 

Viscosity 

(Muxipoise) 

Partial 
Heat of 
Mixing 
At OF. 
Btu per 
Lb 

Temp. 

COEFF. 

OF 

Partial 
Heat of 
Mixing 
Btu per 
Lb 

PER F 

Specific 
Heat at 
70 F 

Boiling 
Point F 
at 

(760 MM 
Hg) 

Freezing 

Point. 

F 

80 F 

180 F 

0 

0.0 

1.000 

8.61 

3.48 

0.00 

0.000 

0.998 

212.0 

32.0 

2 

7.8 

1.037 

11.19 

4.56 

2.04 

-0.014 

0.901 

215.8 

16.3 

4 

14,5 

1.076 

14.42 

6.01 

7.24 

-0.036 

0.831 

221.5 

- 5.8 

6 

20.2 

1.111 

18.62 

7.78 

16.70 

-0.069 

i 0.778 

228.9 

-34.2 

8 

25.3 

1.143 

24.32 

10.00 

31.90 

-0.109 

0.739 

238.1 

-69.0 

10 

29.7 

1.172 

32.28 

12.91 

51.10 

-0.143 

0.710 

248.4 

-90.0 

12 

33.7 

1.199 

43.45 

16.56 

75.70 

-0.160 

0.687 

258.8 

-40.0 

14 

37.4 

1.225 

60.26 

21.28 

90.80 

-0.167 

i 0.666 

268.9 

1.0 

16 

40.4 

1.248 

82.04 

27.10 

124.80 

-0.176 

0.647 

277.9 

36.5 

18 

43.3 

1.270 

113.80 

35.48 

145.00 

-0.186 

; 0.631 

285.8 

68.1 

20 

46.0 

1.291 


46.45 

162.00 

-0.194 


293.2 

86.4 

22 

48.4 



60.67 

171.00 

-0.200 


300.2 

133.0 

24 

50.3 



84.33 

177.00 

-0.200 


307.0 

156.0 

26 

52.4 




182.00 

-0.210 


313.0 

180.0 

28 

54.3 




191.00 

-0.210 

' 

318.0 

190.0 

30 

56.1 




194.00 

-0.210 


323.0 

195.0 

32 

57.5 




198.00 

-0 220 


328.0 

280.0 


Table 2. Dew-Point of Air in Equilibrium with Lithium Chloride Solutions 
Concentration in Pound Mols (42.4 lb) Lithium Chloride per 1000 lb Water 
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usefulness is limited by much the same considerations. Other physical 
properties of lithium chloride are shown in Tables 1, 2 and 3, 

In Fig. 2 and Table 1 the unit of concentration is the mol, A M molal 
solution is defined as a solution containing M X 42.37 grains of anhydrous 
lithium chloride per 1000 grains of water. The formula connecting con- 



Fig. 3. Temperature — Pressure — Concentrations For Calcium Chloride 


centration in mols with weight in per cent is equivalent to: (100 X 
M X 42.37) [1000 + (M X 42.37)]. 

Example 1, Determine the dew-point, wet-bulb, relative humidity and absolute hu- 
midity of air in equilibrium at 100 F with pure lithium chloride solution of density 1.270, 

Solution. From Table 1 the concentration of a solution of density 1.270 at 100 F is 
18.0 M. From Fig. 2 the dew-point of 18 M lithium chloride at 100 F is 43.7 F. From 
Table 0, Chapter 1, the partial pressure of water over the solution is 0.2858 in. of Hg, 
and the absolute humidity is 42.00 grains per pound diy air. From the psychrometric 
chart, the wet-bulb is 66,3 F, and the relative humidity is 15 per cent. 
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Example 2. Determine the boiling point, and freezing point of 18 ikf lithium chloride 
solutions. 

Solution. From Table 1, boiling point (standard) is 285.8 F, freezing point is 58.1 F. 

Example 3. Calculate the heat of vaporization of 1 Ib of water from a large amount of 
18 M lithium chloride solution at the boiling point. 

Solution. The heat of boiling is equal to the heat of mixing plus the heat of boiling 
pure water at the same temperature. The heat of mixing from Table 1 at 18 and 
285.8 F is 145 ~ (0.186 X 285.8) = 92 Btu per pound. The heat of vaporization of 
water from steam tables at 285.8 F is 920 Btu per pound. Therefore the heat of vaporiza- 
tion of water from the solution is 920 -f- 92 — 1012 Btu per pound. 

Example 4. One thousand pounds of air per minute at 100 F dry-bulb with a dew- 
point of 70 F and a relative humidity of 39 per cent are passed over 18 M lithium chloride 
solution. The rate of flow of the solution is 200 gpm and the entering temperature is 
80 F. The air leaves the absorber at 85 F dry-bulb and dew-point of 35 F. Calculate 


Activation air heater 



{a) the heat to be removed from the lithium chloride solution to maintain these con- 
ditions, and (6) the temperature rise of the solution in passing through the absorber. 

Solution, {a) The enthalpy of the entering air at 100 F dry-bulb and 39 per cent 
relative humidity = iia + = 24.00 -f- (0.39 X 47.40) = 42.49 Btu per pound 

(Table 6, Chapter 1). 

The relative humidity of the air leaving at 85 F dry-bulb and 35 F dew-point is 16.7 
per cent (psychrometric chart). Enthalpy of leaving air = 20.39 + (0.167 X 28.85) 
a= 25.21 Btu per pound (Table 6, Chapter 1). 

Heat to be extracted from air =* 1000 (42.49 — 25.21) =* 17,280 Btu per minute. 
Heat of mixing = 145 — (0.186 X 80) = 130 Btu per pound of moisture removed. 
From Table 6, Chapter 1, the moisture removal per pound of air ~ 0.01574 — 0.00426 
= 0.01148 lb. Heat of mixing for 1000 lb of air = 1000 X 0.01148 X 130 = 1492 Btu. 
Total heat extraction = 17,280 + 1492 = 18,772 Btu per minute. 

(&) The weight of solution circulated is 200 X 1.27 (Table 1) X 8.33 « 2116 lb per 
minute. Its heat capacity =2116 X 0.631 (Table 1) = 1335 Btu per minute per degree 
Fahrenheit. The temperature rise = 18,772 -v- 1335 = 14.1 F. 


SOLID DEHYDRATION METHODS 

One type of equipment suitable for producing dehydration with solid 
drying agents utilizes an apparatus with continuous operating rotating 
beds or dampers as illustrated in Fig. 4. The apparatus consists essen- 
tially of a cylinder or drum filled with dehydrating material. Air flow 
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through the drum is directed by baffles which permit three independent 
air streams to flow through the adsorbing material. One air stream con- 
sists oL the wet air which is to be dehydrated. The second is heated 
activation air used for drying that part of the dehydrating material which 
has become saturated. The third air stream cools the bed to a tem- 
perature below 150 F to permit pickup of moisture when that part of the 
bed returns to the dehydration cycle. 

In the rotating bed apparatus, the baffle sheets are stationary and the 
screened bed rotates at a definite speed to permit the proper time of 
contact in the activation, cooling and dehydration cycles. In the rotating 


Table 3. Density of Lithium Chloride Solutions 


Concentration 


Tbmpbraturb Dbg F 


Pound 


(42.4 Ln) LiCl PER 
1000 LB Water 

0 

50 

100 

ISO 

200 

250 

300 

0 

2 


1.045 

1.037 

1.026 

1.012 



4 

1.090 

1 .085 

1 076 

1.064 

1 052 



6 

1.124 

1 119 

1.111 

1.100 

1.087 



8 

1.156 

1 150 i 

1.143 

1.132 

1.122 



10 

1.188 

1 181 i 

1.172 

1.162 

1.152 

1.142 


12 

1.217 

1.209 

1.199 

1.188 

1.178 

1.168 


14 

1.242 

1.235 

1.225 

1.214 

1.203 

1.192 


16 


1.257 

1.248 

1.236 

1.226 

1.215 


18 


1.279 

1.270 

1.259 

1.248 

1.237 


20 



1.291 

1.280 

1.279 

1.568 


22 




1.310 

1.289 

1.278 

1 267 

24 




1.317 

1 307 

1.296 

1 286 

26 





1.313 

1.312 

1.302 

28 





1.338 

1.327 

1.318 

30 






1.34 

1.33 

32 







1.35 


damper apparatus, the bed remains stationary and a sectionalized damper 
rotates. This rotating damper produces the same general effect as if the 
stationary baffles previously mentioned rotated. 

Clean air for activation is supplied at temperatures normally ranging 
from 300 to 350 F. Any source of clean heated air can be used such as 
air heated by electric heaters or steam coils, or air indirectly heated by 
coal or oil fired interchangers. Direct fired heaters are usually designed 
for gas since there must be no condensable tarry combustion products to 
contaminate the adsorbent. To avoid excessive contamination or clog- 
ging of the absorbent bed by dust it is frequently desirable to provide 
filters for the activation air. 

Where activation air heating coils are supplied with steam at 80 lb per 
square inch gage pressure or higher, activation efficiency will remain 
normal and moisture removal capacity will not be reduced. When lower 
steam pressures are used, incomplete reactivation will result in reduced 
moisture removal. 


455 








HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


Another type of solid dehydrating equipment uses two complete sets 
of stationary adsorbing beds, arranged so that one set is dehydrating the 
air while the other set is being activated. With the dampers in the 
position shown in Fig. 5, air to be dried flows through one set of beds and 
is dehydrated, while activation air is heated and circulated through the 
other set. After activation is complete, the beds are cooled by shutting 


Activation air inlet 



off the activation air heaters and allowing unheated air to circulate 
through them. 

After the beds which are dehydrating have adsorbed moisture to a 
degree which begins to impair performance, a timer-controller causes the 
dampers to rotate to the opposite side. Thus the beds which on the 
previous cycle were adsorbing have activation air circulated through 
them, and vice versa. Activation air is heated in the same manner as 
with continuous equipment. 

LIQUID DEHYDRATING METHODS 

One type of system utilizing liquid dehydrating agents includes an 
external interchanger having essential parts consisting of a dehydration 
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contactor, a solution concentrator, a solution heater and a solution cooler, 
all as shown in Fig. 6. The dehydrator contactor is located in the wet air 
stream. The air to be conditioned is brought into contact with an 
aqueous brine solution having a vapor pressure below that of the entering 
air, resulting in a transfer of moisture (latent heat). As previously 
described, this results in a conversion of latent heat to sensible heat which 
raises the solution temperature and consequently the air temperature. 
The temperature change of the air being processed by the liquid de- 
hydrator is determined by the cooling water temperature and the amount 
of moisture removed in the equipment. Control of leaving air tempera- 
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Fig, 6. Liquid Adsorbent Dehydrator in Which Solution Cooler and 
Contactor are Combined 


ture is obtained by precooling the absorbent solution in a suitable surface 
cooler, by tap, well or artificially chilled water. 

The excess water of condensation, which dilutes the brine, is removed 
in the solution concentrator. This is a low pressure steam heat exchanger 
which over-concentrates a portion of the weak liquor and returns it to 
the main brine reservoir for re-pumping. The concentrator operates in 
the manner of an evaporative condenser, whereby moisture is evaporated 
from the brine, by the heating coils, into a stream of regeneration air taken 
from and rejected to the outside atmosphere. Low pressure steam is 
normally used for heating the brine. When it is desirable or necessary to 
use gas or electricity, an auxiliary low pressure steam boiler is usually 
added to the equipment. Concentrators operating on a simple boiler 
principle have not as yet been commercially practical. 

It should be noted that the solution concentration phase is the reverse 
of the dehydration process. During concentration the aqueous vapor 
pressure of the solution is ^eater than that of the surrounding air, while 
during dehydration, the reverse is the case. Utilization of this principle 
permits winter humidification, by heating (instead of cooling) the solution 
pumped to the contactor. Water is thereby evaporated into, instead of 
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being condensed out of, the conditioned air stream. This requires 
dilution of the brine externally to the contactor, rather than concentration. 

Another type of liquid dehydrator utilizes an integral interchanger 
which employs the same type of solution concentrator as described for 
the system with the external interchanger. However, the dehydration 
contactor and solution cooler are combined by placing a cooling coil 
directly in the wet air stream. This coil provides the contacting surface 
between air and the warm concentrated solution which is sprayed over 
the cooling surface. By circulating a cooling medium through this coil, 
control of solution temperature (hence its vapor pressure) is accomplished 
directly in the air stream. 

ESTIMATING OF LOADS 

Where equipment is used which removes sensible and latent heat 
simultaneously such as a chilled water or direct expansion dehumidifier, 
the basis of selection is usually the maximum total heat load. The operating 
characteristics of such equipment normally produce satisfactory dew- 
points with adequate capacity at other loads, including the maximum 
latent load which occurs at a less-than-maximum total load. With 
dehydration equipment in which moisture removal is achieved inde- 
pendently of sensible cooling, it is necessary that equipment be chosen for 
the maximum load of each functional element. The sensible cooler should 
be selected for the maximum sensible load; the dehydrator for the maxi- 
mum latent load. These loads need not occur simultaneously, and in 
fact, rarely do. 

In estimating the maximum latent heat load for comfort applications, 
it is considered good practice to select an outside design dew-point for the 
locality which is exceeded on not more than 5 per cent of the days during 
the season. A smaller percentage, or even the maximum dew-point 
recorded, may be advisable for rigorous industrial applications. 

Special consideration should also be given to moisture seepage through 
building materials and vapor infiltration through openings which appears 
to be a more serious factor than would be anticipated from consideration 
of infiltration in the normal manner. These items become important at 
dew-points below 50 F and have an extreme effect upon load and equip- 
ment selection at dew-points below 35 F. 

LOCATION AND USE OF EQUIPMENT 

Since dehydration equipment is chiefly effective in removing moisture 
from the air it is frequently employed in conjunction with other equip- 
ment installed with the primary purpose of caring for sensible heat 
removal requirements. It may thus be superimposed upon extensive air 
conditioning and circulation systems designed to, care for independent 
cooling. 

When used in this manner, dehydration equipment may be located to 
treat outside air only. It is well adapted to this service as it is capable of 
delivering outside air for ventilation purposes at dry-bulb temperatures 
close to the normally desired inside temperature, while maintaining a 
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satisfactory humidity condition during those periods when internal 
sensible heat loads are reduced to a point where no cooling is required. 

Because the delivered moisture content of air from all dehydrating 
devices is materially reduced when the entering air temperature and 
humidity are lowered, these devices are also frequently applied to the 
independent dehumidification of mixtures of outside and recirculated air. 
This practice is advantageous where the moisture removal requirement 
cannot economically be met by the dehydration of only the ventilation 
air component of the total air circulation. 

In cases where extremely low dew-point temperatures are required, 
dehydration equipment may be located so as to handle air pre-cooled and 
dehumidified by cooling devices or pre-dehydrated and cooled by dehydra- 
tion equipment and pre-coolers in cascade. Solid adsorbent dehydration 
equipment is generally favored for such applications as there is no fixed 
lower limit of operation, as may be inherently set by the freezing or 
crystalization temperature of the solution in the absorption dehydration 
system. 

In summing up considerations in the location of dehydrating equip- 
ment it should be borne in mind that dehydration devices will remove the 
greatest quantity of moisture from air supplied at the highest working 
moisture level, but will produce the lowest leaving moisture condition 
when supplied with air from the lowest working moisture level. 


EQUIPMENT AUXnJABlES 

Precoolers. When cold water is available, it is generally economical to 
use this water in a precooling coil in the outside air stream. The dehu- 
midifying accomplished by this coil reduces the load on the dehydrator; 
and moreover, lowering the temperature of the inlet air to the dehydrator 
results in a higher dehydrator moisture removal efficiency. 

Dry Air Coolers. Particularly with the solid adsorbent process, and to 
a lesser extent with liquid absorbents, a dry air cooler is employed to 
remove sensible heat from the dehydrated air whenever it leaves the 
dehydrator at an elevated temperature. A cooling coil using city water is 
usual practice, and is considered economical whenever the difference 
between effluent air and entering water temperatures is greater than 15 F. 

Sensible Pleat Coolers. Since, the normal conditioning system requires 
sensible heat removal, auxiliary equipment may be needed for this 
function. This is almost always in the form of cooling surface using 
water, brine or direct expansion refrigerant. It is located on the leaving 
side of the dehydrator, but frequently treats in addition a large volume of 
room air which is not circulated through the dehydrator for moisture 
reduction. 


CONTROLS 

The use of dehydration equipment makes possible the use of a relatively 
simple control system with a humidistat or, alternatively, a wet-bulb 
controller, to regulate the operation of the dehydrator, and a thermostat 
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to control the sensible cooling apparatus. Functionally, the relative 
humidity control may consist of one of the following: 

1. Stop — Start — Where the humidistat starts the dehydrator on rising humidity and 
stops it on falling humidity. 

2. By-pass — ^Where the humidistat modulates face and by-pass dampers located at the 



Fig. 7. Rotating Bed Direct Gas Fired Type Silica Gel 
Dehydrator Performance Data 


wet air inlet of the dehydrator. Thus the quantity of air passing through the dehydrator 
is proportioned in accordance with the change in latent heat load. 

_ 3. Vapor Pressure Control (used with liquid absorbents) — ^Where the humidistat 
directly controls the temperature or concentration of the contacting solution, thereby 
matching the latent heat removal to the load requirement. 

EQUIPMENT PERFORMANCE 

It is recognized that, whereas the curves relating temperature and 
vapor pressure of the several dehydration agents (Figs. 1, 2 and 3) 
accurately define the equilibrium limits for these materials, these curves 
cannot be used for predicting performance of available equipment. This 

460 





CHAPTER 24. COOLING, DEHUMIDIFICATION AND DEHYDRATION 


occurs because {a) the materials themselves can only be utilized efficiently 
within certain ranges of moisture concentration, and (6) the degree to 
which the vapor pressure of the air being treated approaches that at the 
surface of the material depends upon the completeness of the contact. 
It is obvious, for example, that the thickness of a bed of solid adsorbent 
for a given air flow will have a profound effect upon the degree of moisture 
removal attained. However, it will have an inverse effect upon the 
power required to drive air through the bed. It must also be borne in 




Fig. 8. Silica Gel Dehydrator Performance Data 
Steam Activation Type 


mind that the moisture removal efficiency of all solid adsorbents and 
absorbent solutions is related to the temperature of the medium as well 
as to its state of unsaturation. On the other hand, it will be noted that 
the lower limits of dehydration, which can be obtained with absorbent 
solutions, are likely to be controlled by the equilibrium dew-point at the 
lowest temperature at which the solution will resist freezing or crystali- 
zation. For this reason, actual moisture removing capacity is determined 
from performance curves of the several materials under practical con- 
ditions of temperature, concentration and contacting efficiency as shown 
in Figs. 7, 8, 9 and 10. While these curves by no means explore all the 
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performance possibilities, they may be considered to be representative 
of sound design and application practice. 

Performance data for standard production designs of silica gel rotating 
bed dehydrators are shown in Fig. 7 for a direct gas fired type, and in 
Fig. 8 for steam activation types for steam pressures of 5 to 80 lb per square 
inch. They are designed for normal comfort cooling and moderate 
humidity industrial air conditioning applications. Performance data for 
a heavy duty type activated alumina dehydrator are given in Fig. 9. This 
unit has extended surface coils, imbedded in the adsorber, which are 
supplied with high pressure steam for heating during activation and cool 



Fig. 9. Activated Alumina Dehydrator Performance Data 
Heavy Duty Type 


water for direct bed cooling during adsorption. Capacities shown in 
Fig. 9 are based upon 75 F cooling water. Performance data for a 
standardized package lithium chloride dehydrator are shown in Fig. 10. 
This is a single unit including both absorption contactor and regeneration 
section together with necessary heat exchangers. 

COMPARISON OF DEHYDRATION AND DEHUMIDinCATION 

Almost all summer comfort air conditioning, as well as much industrial 
and commercial air conditioning, requires both of the functions of sensible 
and latent heat removal from air. Each of the methods of cooling and 
dehumidification has as its objective either the removal of sensible or 
latent heat, or both simultaneously. Choice of method and medium 
therefore depends solely on whether (a) method and medium are physi- 
cally able to accomplish the desired result with practical equipment, and 
(5) method and medium are justifiable economically. 

Referring particularly to the problem of moisture removal, it may be 
stated that either dehumidification using chilled water, brine or direct 
expansion refrigerant, or dehydration using solid or liquid agents, is 
equally practiced from the viewpoint of engineering performance for the 
vast majority of comfort and for a great many industrial applications 
requiring dew-point temperatures above 45 F. 

For this reason, in the normal operating range, consideration is usually 
based upon practical factors which affect the over-all economics of the 
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situation or upon the desire or necessity of attaining independent control 
of either temperature or humidity. In this connection, it should be 
remembered that though a satisfactory balance may exist between cooling 
and dehumidification requirements at maximum design conditions, there 
are many periods when practical operating conditions will result in an 



ENTEPING MOISTURE CONDITIONS 
GRAINS PER POUND DRY AIR 

Fig. 10. Lithium Chloride Dehydrator 
Performance Data 

unsatisfactory balance of sensible and latent loads unless there is a 
simultaneous use of cooling and reheating. 

In the normal range the choice between dehydration, mechanical 
refrigeration, natural cold water, or ice, must be justified by the initial 
investment of available equipment; the availability and cost of prime 
energy sources; the charges to be allocated to space occupied, labor of 
operation and maintenance; and the degree of control required. 

When required dew-point temperatures are below 45 F dehydration 
deserves special consideration, as it does in applications where the task 
is primarily one of moisture removal with no necessity for sensible 
temperature reduction. 

It is evident that it is not possible to set forth definite rules governing 
the choice of dehydration equipment in preference to other methods of 
dehumidification. It is only possible to state certain general conditions 
which tend to make dehydration favorable or unfavorable. 
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Dehydration tends to be favorable where : 

1. Low temperature water is available (below 65 F), to meet sensible cooling re- 
quirements. 

2. Gas or steam is available at costs competitive with electricity. 

3. Abnormally high internal latent heat load is encountered. 

4. Abnormally low dew-points are required (40 F or lower). 

5. Required dry-bulb temperature is high or control of temperature is unimportant 
in comparison to maintenance of proper humidity. 

6. In low temperature dryers where complementary heat exchange can be utilized. 
(In such cases the sensible heat of the dry air from the dehydrator is reduced by the 
evaporation of moisture from the product being dried). 

Of the factors enumerated, Item 1 coupled with Item 2, tends to have 
the greatest influence since these factors affect the applicability of 
dehydration to normal range requirements. However, each of the items 
listed has a direct influence upon economic considerations. 

Dehydration tends to be unfavorable where: 

1. Normal comfort dew-point temperatures are required with a predominantly 
sensible heat load and where mechanical refrigeration is required for sensible heat 
removal. 

2. Water temperature is too high for practical sensible heat removal (above 65 F). 

3. Cold water (below 55 F) is available in adequate quantities so that it can be directly 
used for both sensible and latent heat removal, or can be further chilled cheaply by 
mechanical refrigeration. 

4. Electricity is low in cost compared with gas or steam, 

^ No single unfavorable item listed will necessarily disqualify dehydra- 
tion, but generally there will be several offsetting favorable factors 
required to make it the choice on a purely economic basis. 

When analyzed with respect to the broadening scope of applications for 
air conditioning it is now evident that dehydration can be used within 
its legitimate economic limits, for human comfort, commercial drying or 
storage of food products requiring low humidities and industrial processing 
and drying. 

It provides an additional choice as to the type of equipment best 
suited to meet the requirements of special applications and conditions. 
Particular attention is called to the suitability of dehydration to those 
industrial and drying applications in which the dried air can be used at 
effluent temperature without further treatment. 
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Mechanical Refrigeration, Ohaxacterisiics of Compression 
System, Absorption Systems, Expansion Valves, Condensers, 
Evaporators and Coolers, Refrigerant Pipe Sizes, Ice Systems, 

Storage Systems, Equipment Selection, Reverse Cycle 

C OOLING and dehumidification in air conditioning work usually 
require refrigeration equipment. The localities where cold water 
from a natural source is at a sufficiently low temperature for comfort air 
conditioning are rare, and evaporative cooling is generally restricted to 
sections of the country where humidities are naturally low. 

The important difference between the refrigeration equipment used for 
comfort air conditioning and that used for commercial refrigeration is the 
use of a relatively higher evaporator temperature. This temperature is 
usually above freezing in air conditioning refrigeration equipment. The 
higher evaporator temperature (that is high suction pressure) affects 
the design of the system used, and makes possible the use of systems 
that are not always practical for commercial refrigeration. 

MECHANICAL REFRIGERATION 

The fundamentals of mechanical refrigeration systems are similar, 
although they differ in the methods used for compression of the refri- 
gerant vapor. 

Refrigerant vapor, usually saturated or slightly superheated, is drawn 
into the compressor as diagrammed in Fig. 1. It is then compressed and 
discharged at a higher pressure to a condenser. The vapor is condensed 
as it contacts a heat transfer surface over which is flowing a cooling 
medium such as water, air or a combination of the two. The liquid 
refrigerant flows to the evaporator through an expansion valve which 
reduces its pressure and regulates its flow. In the evaporator, the refri- 
gerant absorbs heat from the medium which is to be cooled. When this 
medium is water or brine, the evaporator is known as a water or brine 
cooler and the refrigeration system, if used for air cooling, is known as an 
indirect system. When the medium cooled is air, the evaporator is 
known as a direct expansion cooler and the system is known as a direct 
expansion system. 

Fundamentally, the function of the system is to absorb heat at one 
temperature and pump it to a higher temperature, where it may be 
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Table 1. Properties of Ammonia 


Sat. 

Tump 

F 

Abs. 
Pbxss. 
Lb pxb 
SqIn. 



Hbsat Content and Entropy Taken From 

-40 F 




1 Heat Content 

1 Entropy 

1 100 F Superheat 

1 200 F Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

HtCt. 

Entropy 

'■ Ht. Ct 

Entropy 

0 

30.42 

0.02419 

9.116 

42.9 

611.8 

0.0975 

1.3352 

666 8 

1.4439 

720.3 

1.5317 

2 

31.92 

0.02424 

8.714 

45.1 

612.4 

0.1022 

1.3312 

667 6 

1.4400 

7212 

1.5277 

4 

33.47 

0 02430 

8.333 

47.2 

613.0 

0.1069 

1.3273 

668.4 

1.4360 

722.2 

1.5236 

5 

34.27 

0.02432 

8.150 

48.3 

613.3 

0.1092 

1.3253 

668.8 

1.4340 

722.6 

1.5216 

6 

35.09 

0.02435 

7.971 

49.4 

613.6 

0.1115 

1.3234 

669.3 

1.4321 

723.1 

1.5196 

8 

36.77 

0.02440 

7.629 

51.6 

614.3 

0.1162 

1.3195 

670.1 

1.4281 

724.1 

1.5155 

10 

38.51 

0.02446 

7.304 

53.8 

614.9 

0.1208 

1.3157 

670.9 

14242 

725.0 

1.5115 

12 

40.31 

0.02451 

6.996 

56.0 

615.5 

0.1254 

1.3118 

671.7 

1.4205 

725.9 

1.5077 

14 

42.18 

0.02457 

6.703 

58.2 

616.1 

0.1300 

1.3081 

672.5 

14168 

726.8 

1.5039 

16 

44.12 

0.02462 

6.425 

60.3 

616.6 

0.1346 

1.3043 

673.4 

1.4130 

727.8 

1.5001 

18 

46.13 

0.02468 

6.161 

62.5 

617.2 

0,1392 

1.3006 

674.2 

1.4093 

728.7 

1.4963 

20 

48.21 

0.02474 

5.910 

647 

617.8 

0.1437 

1.2969 

675.0 

1.4056 

729.6 

1.4925 

22 

50.36 

0.02479 

5.671 

66 9 

618.3 

0.1483 

1.2933 

675.8 

1.4021 

730.5 

1.4889 

24 

52.59 

0 02485 

5.443 

69.1 

618.9 

0.1528 

1.2897 

676.6 

1.3985 

731.4 

1.4853 

26 

54.90 

0.02491 

5.227 

71.3 

619.4 

0.1573 

1.2861 

677.3 

1.3950 

732.4 

1.4816 

28 

57.28 

0.02497 

5.021 

73 5 

619.9 

0.1618 

1.2825 

678.1 

1.3914 

733 3 

1.4780 

30 

59.74 

0.02503 

4.825 

75-7 

620.5 

0.1663 

1.2790 

678.9 

1.3879 

734.2 

1.4744 

32 

62.29 

0.02508 

4.637 

77 9 

621.0 

0.1708 

1.2755 

679.7 

1.3846 

735.1 

1.4710 

34 

64.91 

0.02514 

4.459 

80.1 

621.5 

0.1753 

1.2721 

680.4 

1.3812 

736.0 

1.4676 

36 

67.63 

0.02521 

4.289 

82 3 

622.0 

0.1797 

1.2686 

681.2 

1.3779 

736.8 

1.4643 

38 

70,43 

0.02527 

4.126 

84 6 

622.5 

0.1841 

1.2652 

681.9 

1.3745 

737.7 

1.4609 

39 

71.87 

0.02530 

4.048 

85.7 

622.7 

0.1863 

1.263S 

682.3 

1.3729 

738.2 

1.4592 

40 

73.32 

0.02533 

3.971 

86 8 

623.0 

0.1885 

1.2618 

682.7 

1.3712 

738.6 

1.4575 

41 

74.80 

0 02536 

3.897 

87.9 

623.2 

0.1908 

1.2602 

683.1 

1.3696 

739.0 

1.4559 

42 

76.31 

0.02539 

3.823 

89.0 

623.4 

0.1930 

1.2585 

683.4 

1.3680 

739.5 

1.4542 

44 

79.38 

0.02545 

3.682 

91.2 

623.9 

0.1974 

1.2552 

684.2 

U648 

740.4 

1.4510 

46 

82.55 

0.02551 

3.547 

93 5 

624.4 

0 2018 

1.2519 

684.9 

1.3616 

74U 

1.4477 

48 

85.82 

0 02558 

3.418 

95 7 

624.8 

0.2062 

1.2486 

685.6 

1.3584 

742.2 

1.4445 

SO 

89.19 

0.02564 

3.294 

97.9 

625.2 

0.2105 

1.2453 

686.4 

1 3552 

743.1 

1.4412 

52 

92.66 

0.02571 

3.176 

100.2 

625.7 

0.2149 

1.2421 

687.1 

1.3521 

744.0 

1.4382 

54 

96.23 

0.02577 

3.063 

102.4 

6261 

0.2192 

1.2389 

687.8 

1.3491 

744.8 

1.4351 

56 

99,91 

0.02584 

2.954 

104.7 

626.5 

0.2236 

1.2357 

688.5 

1.3460 

745.7 

1.4321 

58 

103.7 

0.02590 

2.851 

106.9 

626.9 

0.2279 

.1.2325 

689.2 

1.3430 

746 5 

1.4290 

60 

107.6 

0.02597 

2.751 

109 2 

627.3 

0.2322 

1.2294 

689.9 

1.3399 

747.4 

1.4260 

62 

111.6 

0 02604 

2.656 

111.5 

627.7 

0 2365 

1.2262 

690.6 

1.3370 

748.2 

1.4231 

64 

115.7 

0.02611 

2.565 

113.7 

628.0 

0.2408 

1.2231 

691.3 

1.3341 

749.1 

1.4202 

66 

120.0 

0.02618 

2,477 

116 0 

628 4 

0.24S1 

1.2201 

691.9 

1.3312 

749.9 

1.4172 

68 

124.3 

0.02625 

2.393 

118.3 

628.8 

0.2494 

1.2170 

692.6 

1.3283 

750.8 

1.4143 

70 

128.8 

0.02632 

2.312 

120.5 

6291 

0.2537 

1.2140 

693.3 

1.3254 

751.6 

1.4114 

72 

133.4 

0.02639 

2.235 

122.8 

629.4 

0.2579 

1.2110 

694.0 

1.3226 

752.4 

1.4086 

74 

138.1 

0.02646 

2.161 

125.1 

629.8 

0.2622 

1.2080 

694.6 

U199 

753.3 

1.4059 

76 

143.0 

0,02653 

2.089 

127 4 

6301 

0.2664 

1.2050 

695.3 

1.3171 

754.1 

1.4031 

78 

147.9 

0.02661 

2.021 

129,7 

630 4 

1 0.2706 

1.2020 

695.9 

1.3144 

755 0 

1.4004 

80 

153.0 

0.02668 

1.955 

132.0 

630 7 

02749 

1.1991 

696.6 

13116 

755.8 

1.3976 

82 

158J 

0.02675 

1.892 

134.3 

6310 

0.2791 

1 1962 

697.2 

1.3089 

756.6 

1.3949 

84 

163.7 

0.02684 

1.831 

136.6 

631.3 

0.2833 

1.1933 

697.8 

1.3063 

757.4 

1.3923 

86 

169.2 

0.02691 

1.772 

138.9 

6315 

0.2875 

1.1904 

698.5 

1.3040 

758.3 

1.3896 

88 

174.8 

0 02699 

1.716 

141,2 

6318 

0 2917 

1.1875 

699.1 

1.3010 

759.1 

13870 

90 

180.6 

0.02707 

1,661 

143.5 

632 0 

0.2958 

1.1846 

699.7 

1.2983 

759.9 

1.3843 

92 

186,6 

0.02715 

1,609 

145 8 

632.2 

0.3000 

1.1818 

700.3 

1.2957 

760.7 

1.3818 

94 

192,7 

0.02723 

1.559 

148.2 

632 5 

03041 

1.1789 

700.9 

1.2932 

761.5 

1.3793 

96 

198.9 

0.02731 

1.510 

150 5 

632.6 

0.3083 

1.1761 

701.5 

1.2906 

762,2 

1.3768 

98 

205,3 

0.02739 

1.464 

152 9 

632.9 

0.3125 

1.1733 

702.1 

1.2881 

763,0 

1.3743 

100 

211.9 

0 02747 

1.419 

155.2 

633.0 

0.3166 

1,1705 

702.7 

1.2855 

763.8 

1 3718 

102 

218.6 

0.02756 

1,375 

157.6 

633 2 

0.3207 

1.1677 

703.3 

1 2830 

764.6 

1.3693 

104 

225.4 

0.02764 

1.334 

159 9 

633.4 

0 3248 

1.1649 

703.8 

1.2805 

765.3 

1.3668 

106 

232.5 

0.02773 

1,293 

162.3 

633.5 

0.3289 

1.1621 

704.3 

12780 

766.1 

1.3643 

108 

239.7 

0.02782 

1.254 

164.6 

633 6 

0.3330 

1.1593 

705.0 

1.2755 

766.9 

1.3619 

110 

247.0 

0.02790 

1-217 

167.0 

633.7 

0.3372 

11566 

705.5 

1.2731 

767.6 

13596 

112 

254.5 

0.02799 

1.180 

169 4 

633.8 

03413 

1.1538 

706.1 

1.2708 

768.3 

1.3573 

114 

262.2 

0.02808 

1.145 

1718 

633,9 

0.3453 

1.1510 

706.6 

1.2684 

769.1 

1.3550 

116 

270.1 

0.02817 

1.112 

174 2 

634.0 

0 3495 

1.1483 

707.2 

1.2661 

769.8 

1.3527 

118 

278.2 

0.02827 

1.079 

176 6 

634.0 

0.3535 

1.1455 

707.7 

1.2636 

770.5 

1.3503 

120 

286.4 

0.02836 

1.047 

179 0 

634 0 

0,3576 

11427 

708.2 

1.2612 

771.3 

1.3479 

122 

294.8 

0 02846 

1.017 ► 

181.4 

634 0 

0.3618 

1.1400 

708.6 

1.2587 

772.0 

1.3455 

124 

303.4 

0.02855 

0.987 

183 9 

634.0 

0.3659 

1.1372 

709.1 

1.2563 

772.8 

1.3431 

126 

312.2 

0.02865 

0.958 

186 3 

633.9 

0.3700 

1.1344 

709.6 

1 2538 

773.5 

1 3407 

128 

321.2 

0.02875 

0 931 

188 8 

633 9 

03741 

1.1316 

710.0 

1.2513 

774.2 

1.3383 
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CHAPTER 25. REFRIGERATION 


removed by an available cooling medium. In order to conserve refri- 
gerant, virtually all refrigeration systems are completely closed and the 
same refrigerant is recirculated. 

The fundamental heat equations (disregarding losses) which should be 
kept in mind are: (1) the heat absorbed in the evaporator plus the heat 
added to the refrigerant during compression equals the heat rejected by 
the condenser; (2) the heat added to the refrigerant during compression 
is equal to the input to the compressor shaft less the heat dissipated from 
the compressor to the surroundings. 

In the case where the compressor is driven by an electric motor, the 
heat due to compression is equal to the motor input less the electrical 
motor losses, less the power transmission losses and less the heat dis- 
sipated from the compressor to the surroundings. 


Heat of Compression 



Refrigerants 

There are many substances which might be used as refrigerants in 
mechanical refrigeration systems, but in practice the choice is limited 
by a wide variety of considerations including availability, cost, safety, 
chemical stability and adaptability to the type of refrigerating system 
to be used. 

In this chapter detailed consideration is limited to six .substances, viz: 
ammonia, dichlorodifluoromethane (F 12 ), methyl chloride, carbon dioxide, 
monofluorotrichloromethane (Fn), and water, properties for each of which 
are given in Tables 1 , 2, 3, 4, 5 and 6. Each table gives the principal physi- 
cal properties of the saturated substance, and all are arranged in uniform 
fashion. In all except the water table, columns are included which give 
the heat content and entropy of the superheated vapor at two selected 
points. The first four refrigerants named are used in reciprocating 
and rotary compressors. The last two are used in centrifugal compressors. 
Water is also used in steam jet equipment. 

467 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


Table 2. Properties of Dichlorodifluoromethane(Fi2) 


Sat. 

Temp. 

F 

Abs 
Press. 
Lb per 
Sq In. 

VOLTJME 


Heat Content and Entropy Taken From - 

-40 F 


Heat Content 

1 Entropy 

1 25 F Superheat 

1 SO F Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Ht. Ct. 

Entropy 

Ht. Ct. 

Entropy 

0 

23.87 

0-0110 

1.637 

8.25 

78.21 

0 01869 

0.17091 

81.71 

0.17829 

85.26 

0,18547 

2 

24.89 

0.0110 

1.574 

8 67 

78.44 

0.01961 

0 17075 

81.94 

0.17812 

85.51 

0.18529 

4 

25.96 

0.0111 

1.514 

910 

78.67 

0.02052 

0.17060 

82.17 

0 17795 

85 76 

0 18511 

5 

26.51 

0 0111 

1.485 

9.32 

78.79 

0.02097 

0.17052 

82.29 

0.17786 

85.89 

0.18502 

6 

27.05 

0.0111 

1.457 

9 53 

78.90 

0.02143 

0.17045 

82.41 

0.17778 

86 01 

0.18494 

8 

28.18 

0.0111 

1.403 

9.96 

79 13 

0.02235 

0.17030 

82.66 

0.17763 

86.26 

0.18477 

10 

29.35 

0.0112 

1.351 

10 39 

7936 

0.02328 

0.17015 

82.90 

0.17747 

86.51 

0 18460 

12 

30.56 

0 0112 

1.301 

10 82 

79 59 

0.02419 

017001 

83.14 

0.17733 

86 76 

0 18444 

14 

31.80 

0.0112 

1.253 

11.26 

79 82 

0.02510 

0 16987 

83.38 

0.17720 

87 01 

0.18429 

16 

33.08 

0.0112 

1.207 

11.70 

80.05 

0.02601 

0 16974 

83.61 

0.17706 

87.26 

0.18413 

18 

34.40 

0.0113 

1163 

12.12 

80.27 

0 02692 

0.16961 

83.85 

0.17693 

87.51 

0.18397 

20 

35.75 

0.0113 

1.121 

12.55 

80.49 

0 02783 

0.16949 

84.09 

0.17679 

87.76 

0.18382 

22 

37.15 

0 0113 

1.081 

13.00 

80 72 

002873 

0.16938 

84 32 

0.17666 

88 00 

0.18369 

24 

38 58 

0 0113 

1.043 

13.44 

80 95 

0 02963 

0.16926 

84.55 

0.17652 

88.24 

0 18355 

26 

40.07 

0 0114 

1007 

13 88 

81 17 

0.03053 

0.16913 

84.79 

0.17639 

88.49 

0.18342 

28 

41.59 

0 0114 

0.973 

14.32 

81J9 

0.03143 

0 16900 

85.02 

0.17625 

88.73 

0.18328 

30 

43.16 

0 0115 

0.939 

14.76 

81.61 

0.03233 

0.16887 

85.25 

0.17612 

88.97 

0.18315 

32 

44.77 

0.0115 

0.908 

15.21 

81.83 

0.03323 

0.16876 

85.48 

0.17600 

89.21 

0.18303 

34 

46.42 

0 0115 

0.877 

15.65 

82.05 

0.03413 

0.16865 

85.71 

0.17589 

89.45 

0.18291 

36 

48.13 

0.0116 

0.848 

16.10 

82.27 

003502 

0 16854 

85.95 

0.17577 

89.68 

0.18280 

38 

49.88 

0.0116 

0819 

16.55 

8249 

0.03591 

0.16843 

86.18 

0.17566 

89.92 

0.18268 

39 

50.78 

0 0116 

0.806 

16 77 

82 60 

0.03635 

0.16838 

86.29 

0.17560 

90.04 

0.18262 

40 

51.68 

0.0116 

0.792 

17 00 

82 71 

0 03680 

0.16833 

86.41 

0.17554 

90 16 

0.18256 

41 

52.70 

0.0116 

0.779 

17 23 

82 82 

0.03725 

0.16828 

86.52 

0.17549 

90 28 

0.18251 

42 

53.51 

0 0116 

0 767 

17.46 

82.93 

0 03770 

0.16823 

86.64 

0.17544 

90.40 

0.18245 

44 

55.40 

0.0117 

0 742 

17.91 

83.15 

0 03859 

0.16813 

86.86 

0.17534 

90.65 

0.18235 

46 

57.35 

0.0117 

0.718 

18.36 

83 36 

0.03948 

016803 

87.09 

0.17525 

90.89 

0.18224 

48 

59.35 

0 0117 

0.695 

18.82 

83 57 

0 04037 

0.16794 

87.31 

0.17515 

91.14 

0.18214 

50 

61.39 

0.0118 

0.673 

19.27 

83 78 

0 04126 

0.16785 

87.54 

0.17505 

91 38 

0.18203 

32 

63.49 

0.0118 

0.652 

19.72 

83,99 

0 04215 

0.16776 

87.76 

0.17496 

91.61 

0.18193 

54 

65.63 

0.0118 

0.632 

20.18 

84.20 

0.04304 

0.16767 

87.98 

0.17486 

91.83 

0.18184 

56 

67.84 

0 0119 

0.612 

20.64 1 

84.41 

0.04392 

0.16758 1 

88.20 

0.17477 

92.06 

0.18174 

58 

70.10 

0 0119 

0.593 1 

21.11 

84.62 

0.04480 

0.16749 

88.42 

0.17467 

92.28 

0.18165 

60 

72.41 

0 0119 

0.575 

21.57 

84 82 

0.04568 

0.16741 

88.64 

0.17458 

92.51 

0.18155 

62 

74.77 

0.0120 

0557 

22.03 

85.02 

0.04657 

0.16733 

88.86 

0.17450 

92.74 

0.18147 

64 

77.20 

0.0120 

0.540 

22.49 

85.22 

0.04745 

0 16725 

89.07 

0.17442 

92.97 

0.18139 

66 

79.67 

0,0120 

0.524 

22.95 

85 42 

0.04833 

0.16717 

89.29 

0 17433 

93.20 

0.18130 

68 

82.24 

0.0121 

0.508 

23.42 

85.62 

0.04921 

0.16709 

89.50 

0.17425 

93.43 

0.18122 

70 

84.82 

0 0121 

0.493 

23.90 

85.82 

0.05009 

0.16701 

89.72 

0.17417 

93 66 

0.18114 

72 

87.50 

0.0121 

0.479 

24 37 

86.02 

005097 

0.16693 

89.93 

0.17409. 

93.99 

0.18106 

74 

90.20 

0.0122 

0.464 

24.84 

86.22 

0 05185 

0.16685 

90.14 

0.17402 

94.12 

0.18098 

76 

93.00 

0.0122 

0.451 

25.32 

86 42 

0 05272 

0.16677 

90J6 

0.17394 

94.34 

0 18091 

78 

95.85 

0 0123 

0.438 

25.80 

86.61 

0.05359 

0.16669 

90.57 

0.17387 

94 57 

0.18083 

80 

98.76 

0.0123 

0.425 

26.28 

86.80 

0 05446 

016662 

90.78 

0.17379 

94.80 

0.18075 

82 

101.70 

0.0123 

0.413 

26,76 

86.99 

0.05534 

0.16655 

90.98 

0.17372 

95.01 

0.18068 

84 

104.8 

0.0124 

0401 

27.24 

87.18 1 

0.05621 

0.16648 

91.18 

0.17365 

95.22 

0.18061 

86 

107.9 

0.0124 

0.389 

27.72 

87.37 1 

0.05708 

0.16640 

91.37 

0.17358 

95.44 

0.18054 

88 

111.1 

0 0124 

0378 

28.21 

87,56 

005795 

0.16632 

91.57 

0.17351 

95.65 

0.18047 

90 

114.3 

0.0125 

0.368 

28.70 

87.74 

0.05882 

0.16624 

91.77 

0.17344 

95.86 

0.18040 

92 

117.7 

0.0125 

0.357 

29.19 

87.92 

0.05969 

0.16616 

91.97 

0.17337 

96.07 

0.18033 

94 

121.0 

0.0126 

0.347 

29.68 

88.10 

0 06056 

0.16608 

92.16 

0.17330 

96.28 

0.18026 

96 

124.5 

0 0126 

0.338 

30.18 

88.28 

0.06143 

0.16600 

92.36 

0.17322 

96.50 

0.18018 

98 

128.0 

0.0126 

0.328 

30.67 

88.45 

0.06230 

0.16592 

92.55 

0.17315 

96.71 

0.18011 

100 

131.6 

0.0127 

0.319 

31.16 

88.62 

0.06316 

0.16584 

92.75 

0.17308 

96.92 

0.18004 

102 

135.3 

0.0127 

0.310 

31.65 

88.79 

0.06403 

0.16576 

92.93 

0.17301 

97.12 

0.17998 

104 

139.0 

0.0128 

0.302 

32.15 

88.95 

0.06490 

0.16568 

93.11 

0.17294 

97.32 

0.17993 

106 

142.8 

0.0128 

0.293 

32 65 

89.11 

0.06577 

0.16560 

93.30 

0.17288 

97.53 

0.17987 

108 

146.8 

0.0129 

0.285 

33.15 

89.27 

0.06663 

0.16551 

93.48 

0.17281 

97.73 

0.17982 

110 

150.7 

0.0129 

0.277 

33.65 

89.43 

0.06749 

0.16542 

93.66 

0.17274 

97.93 

0.17976 

112 

154.8 

0.0130 

0.269 

34 IS 

89.58 

0.06836 

0.16533 

93.82 

0.17266 

98.11 

0.17969 

114 

158.9 

0.0130 

0.262 

3465 

89.73 

0.06922 

0.16524 

93.98 

0.17258 

98.29 

0.17961 

116 

163.1 

0.0131 

0.254 

35.15 

89.87 

0.07008 

0.16515 

94.15 

0.17249 

98.48 

0.17954 

118 

167.4 

0.0131 

0.247 

35,65 

90.01 

0.07094 

016505 

94.31 

0.17241 

98.66 

0.17946 

120 

171.8 

0.0132 

0.240 

36.16 

90.15 

0.07180 

0.16495 

94.47 

0.17233 

98.84 

0.17939 

122 

176.2 

0.0132 

0.233 

36.66 

90 28 

0 07266 

0.16484 

94 63 

0.17224 

99.01 

0.17931 

124 

180.8 

0.0133 

0.227 

37.16 

90.40 

0.07352 

0.16473 

94.78 

0.17215 

99.18 

0,17922 

126 

185.4 

0.0133 

0.220 

37.67 

9052 

0.07437 

0.16462 

94.94 

0.17206 

99.35 

0.17914 

128 

190.1 

0.0134 

0 214 

38.18 

90.64 

0.07522 

0.16450 

95.09 

0.17196 

99.53 

0.17906 

130 

194.9 

0.0134 

0.208 

38,69 

90 76 

0 07607 

0.16438 

95.25 

0.17186 

99.70 

0.17897 

132 

199.8 

0.0135 

0.202 

39.19 

90.86 

0.07691 

0.16425 

95.41 

0.17176 

99.87 

0.17889 

134 

204 8 

0.0135 

0196 

39 70 

90.96 

007775 

0.16411 

95.56 

0.17166 

100.04 

0.17881 

136 

209.9 

0.0136 

0.191 

40.21 

9106 

0.07858 

0.16396 

95.72 

0.17156 

100.22 

0.17873 

138 

215.0 

0.0137 

0.185 

40.72 

91.15 

0,07941 

0.16380 

95.87 

0.17145 

100.39 

0.17864 

140 

220.2 

0.0138 

0.180 

41.24 

91.24 

0.08024 

0.16363 

96.03 

0.17134 

100.56 

0.17856 






CHAPTER 25 . REFRIGERATION 


Table 3. Properties of Methyl Chloride 


Sat. 

Temp. 

F 

Abb. 
Press. 
Lb per 
SqIn. 

VoiitlME 


Heat Content and Entropy Taken From - 

■40 F 


Heat Content j 

Entropy | 

100 F Superheat | 

200 F Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Ht. Ct. 

Entropy 

Ht.Ct. 

Entropy 

0 

18.73 

0.0162 

5.052 

1 14.4 

192.4 

0.0328 

0.4197 

215.6 

0.467 

237.2 

0.507 

2 

19.60 

0 0162 

4.856 

1 15.1 

193.1 

0.0344 

0.4196 

216.2 

0466 

237.7 

0,505 

4 

20.47 

0 0163 

4.661 

15.8 

193 8 

0.0360 

0.4195 

216,7 

0.465 

238.2 

0.504 

5 

20.91 

0.0163 

4.563 

16.2 

194.1 

0.0368 

04195 

217.0 

0.464 

238.5 

0.503 

6 

21.39 

0.0163 

4.476 

16.6 

1944 

0.0376 

0.4194 

217.3 

0.464 

238.8 

0.502 

8 

22.34 

0.0164 

4.303 

17.3 

195.1 

0.0391 

0.4193 

217.9 

0.463 

239,4 

0.501 

10 

23.30 

0.0164 

4.129 

18.1 

195.8 

0.0407 

0.4192 

218.5 

0.463 

240.0 

0.500 

12 

24.38 

0.0164 

3.984 

18.8 

1963 

0.0423 

0.4184 

219.0 

0.462 

240.5 

0.499 

14 

25.46 

0.0164 

3.839 

19.6 

196.7 

0.0439 

0.4176 

219.5 

0.462 

241.0 

0.498 

16 

26.55 

0.0165 

3.693 

20.3 

197.2 

0 0454 

0.4168 

220.0 

0.461 

241.5 

0.498 

18 

27.63 

0.0165 

3.548 

21.1 

197.6 

0.0472 

0.4160 

220.5 

0.461 

242.0 

0.497 

20 

28.71 

0.0166 

3.403 

21.8 

198.1 

0.0486 

0.4152 

221.0 

0460 

242.5 

0496 

22 

29.98 

0.0166 

3 288 

22.5 

198 5 

0 0501 

0.4148 

221.5 

0459 

243.0 

0.495 

24 

31 25 

0.0166 

3.172 

23.3 

198.9 

0 0516 

0.4143 

222.0 

0459 

243.6 

0.495 

26 

32.53 

0.0167 

3.057 

24 0 

199.3 

0.0532 

0.4139 

222.4 

0.458 

244.1 

0494 

28 

33.80 

0.0167 

2 941 

24.8 

199.7 

0.0547 

0.4134 

222.9 

0458 

244.7 

0.494 

30 

35.07 

0.0168 

2.826 

25.5 

200.1 

0 0562 

0.4130 

223.4 

0.457 

245.2 

0.493 

32 

36.55 

0.0168 

2.734 

26.2 

200.5 

0.0577 

0.4124 

223.9 

0.456 

245.7 

0.492 

34 

38 03 

0.0169 

2.642 

27.0 

200.9 

0.0592 

0.4118 

224.3 

0.455 

246.2 

I 0.492 

36 

39.51 

0.0169 

2 549 

27.7 

201.4 

0.0607 

0.4111 

224.8 

0.455 

246.7 

0.491 

38 

40.99 

0.0169 

2.457 

28.5 

201.8 

00622 

0.4105 

225.2 

0.454 

247.2 

0.491 

39 

41.73 

0.0170 

2.411 

28.8 

202.0 

0.0629 

0.4102 

225.5 

0.453 

247.4 

0.490 

40 

42.47 

0.0170 

2J6S 

29.2 

202.2 

0.0637 

0.4099 

225.7 

0.453 

247.7 

0.490 

41 

43.33 

0.0170 

2,328 

29.6 

202.4 

0.0644 

0.4096 

225.9 

0 453 

248 0 

0.490 

42 

44.18 

0.0171 

2.290 

29.9 

202.6 

0.0651 

0.4093 

226.1 

0.452 

248.3 

0.489 

44 

45.89 

0.0171 

2.216 

30,7 

203.0 

0.0666 

0.4087 

226.6 

0.451 

248.8 

0.489 

46 

47.61 

0.0171 

2.141 

31-4 

203.3 

0.0680 

0.4081 

227.0 

0.451 

249.4 

0.488 

48 

49.32 

0.0172 

2.067 

32.2 

203.7 

0.0695 

0.4075 

227.5 

0.450 

249.9 

0.488 

50 

51.03 

0.0172 

1.992 

32.9 

204.1 

0.0709 

0.4069 

227.9 

0.449 

250.5 

0.487 

52 

53.00 

0.0172 

1.931 

33.7 

204.4 

0.0724 

0.4063 

228.2 

0.448 

2510 

0.486 

54 

54.97 

00173 

1.870 

34.4 

204.7 

0.0739 

0 4056 

228.6 

0.448 

251.5 

0.486 

56 

56.94 

0.0173 

1.810 

35,2 

205.1 

0.0754 

0.4050 

228.9 

0447 

252.0 

0.485 

58 

58 91 

0.0173 

1.749 

35.9 

205.4 

0.0769 

04043 

229.3 

0.447 

252.5 

0.485 

60 

60.88 

0.0174 

1.688 

36.7 

205.7 

0 0784 

0.4037 

229.6 

0.446 

253.0 

0.484 

62 

63.13 

0.0174 

1.638 

37.4 

206.0 

0.0798 

0.4030 

229.9 

0.445 

253J 

0.483 

64 

65.37 

0.0174 

1.588 

38.2 

206.3 

0 0812 

0.4024 

230.3 

0.4U 

254.0 

0.483 

66 

67.62 

0.0175 

1.539 

38.9 

206.6 

0.0827 

0.4017 

230.6 

0.443 

254.5 

0.482 

68 

69.86 

0.0175 

1.489 

39.7 

206.9 

0.0841 

0.4011 

231.0 

0.442 

255.0 

0.482 

70 

7211 

0.0176 

1,439 

40.4 

207.2 

0.0855 

0.4004 

231.3 

0.441 

255.5 

0.481 

72 

74.66 

0.0176 

1.398 

41.1 

207.5 

0.0869 

0.3998 

231.6 

0440 

256.0 

0.480 

74 

77.21 

0.0177 

1.357 

41.9 

207.7 

0.0883 

0J992 

232.0 

0.439 

256.5 

0.480 

76 

79.76 

0.0177 

1.315 

42.6 

208.0 

0.0898 

0.3985 

232.3 

0.439 

256.9 

0.479 

78 

82 31 

0.0178 

1.274 

43,4 

208.2 

0.0912 

0.3979 

232 7 

0 438 

257.4 

0.479 

80 

84.86 

0.0178 

1.233 

44.1 

208.5 

0.0926 

0.3973 

233.0 

0.437 

257.9 

0.478 

82 

87.74 

0.0178 

1.199 

448 

208.7 

0.0940 

0.3967 

233.3 

0.436 

258.4 

0.478 

84 

90.62 

0 0179 

1.165 • 

45.6 

209.0 

0.0953 

0.3960 

233 6 

0.435 

258.9 

0.477 

86 

93.50 

0.0179 

1.130 

46.3 

209.2 

0.0967 

0.3954 

233.9 

0.435 

259.4 

0.477 

88 

96.38 

0 0180 

1.096 

47.1 

209.5 

0.0980 

0.3947 

234 2 

0.434 

259.9 

0476 

90 

99.26 

0.0180 

1.062 

47.8 

209.7 

0 0994 

0.3941 

234 5 

0.433 

260.4 

0.476 

92 

102.49 

0.0180 

1.033 

48.6 

209 9 

0.1008 

0.3935 

234.8 

0.433 

260.8 

0 476 

94 

105.72 

0.0181 

1.005 

49 3 

210.2 

0.1022 

0 3929 

235.1 

0.432 

2612 

0.475 

96 

108.94 

0.0181 

09764 

50.1 

210.4 

0.1035 

0.3922 

235.4 

0432 

261.6 

0.475 

98 

112.17 

0.0182 

0.9478 

50.8 

210.7 

0.1049 

0.3916 

235.7 

0.431 

262.0 

0 474 

100 

115.40 

, 0.0182 

0.9193 

51.6 

210.9 

0.1063 

0.3910 

236 0 

0.431 

262.4 

0.474 

102 

119.00 

* 00183 

0.8952 

52.3 

211.1 

0.1076 

0.3903 

236.4 

0430 

262.8 

0.474 

104 

122.60 

0 0183 

0.8712 

53.1 

211.3 1 

0.1090 

0,3897 

236,8 

0.430 

263.2 

0.473 

106 

126.20 

0 0184 

0.8471 

53.8 

211.4 1 

0.1103 

0.3890 

237.1 

0.429 

263.5 

0.473 

108 

129.80 

0 0184 

0.8231 

54.6 

211.6 

0.1117 

0.3884 

237.5 

0.429 

263.9 

0.472 

110 

133 40 

0.0185 

0.7990 

55.3 

211.8 

0.1130 

0 3877 

237.9 

0.428 

264.3 

0.472 

112 

137.42 

0.0185 

0.7786 

561 

212.0 

0.1144 

0.3871 

238.1 

0.427 

264.6 

0.471 

114 

141.44 

0.0185 

0 7583 

56 8 

212.2 

0.1157 

0 3864 

238.3 

0.427 

264.8 

0.470 

116 

145.46 

0.0186 

0.7379 

57.6 

212.4 

0.1171 

0 3858 

238.6 

0.426 

265.1 

0.470 

118 

149.48 

0.0186 

0.7176 

58,3 

212.6 

0.1184 

0.3851 

238 8 

0 426 

265,3 

0.469 

120 

153.50 

0.0187 

0.6972 

59.1 

212 8 

01198 

0.3845 

2390 

0.425 

265.6 

0.468 


469 
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Table 4. Properties of Carbon Dioxide 


Sat. 

Temp. 

F 

Abs. 
Press. 
Lb per 
Sq In. 

Volume 

1 

Heat Content and Entropy Taken From - 

-40 F 


Heat Content 

1 Entropy 

1 50 F Superheat 

100 F Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Ht Ct. 

Entropy 

Ht. Ct. 

Entropy 

0 

305.5 

0.01570 

0 29040 

18 8 

138 9 

0.0418 

0.3024 

153.7 

0.3342 

167 5 

0.3612 

2 

315.9 

0.01579 

0 28030 

19 8 

138.8 

0.0440 

0.3014 

153.7 

0.3330 

167.6 

0.3600 

4 

326.5 

0 01588 

0 27070 

20.8 

138 8 

0.0461 

0.3005 

153 7 

0.3318 

167.7 

0 3588 

S 

332.0 

0 01592 

0 26610 

213 

138 8 

0.0472 

0 3000 

153.7 

0 3312 

167 7 

0 3582 

6 

337.4 

0.01596 

0.26140 

21.8 

138 7 

0.0483 

0.2994 

153 7 

0.3306 

167.8 

0.3576 

8 

348.7 

0.01605 

0.25260 

22.9 

138.7 

0.0504 

0.2982 

153.7 

0 3293 

167.9 

0.3563 

10 

360.2 

001614 

0 24370 

24.0 

138.7 

0.0526 

0.2970 

153.7 

0.3281 

168.0 

0.3550 

12 

371.9 

0.01623 

0.23540 

25 0 

138.6 

0 0548 

0.2958 

153.7 

0.3270 

168.1 

0.3538 

14 

383.9 

0 01632 

0.22740 

26.1 

138.6 

0.0571 

0.2946 

153.7 

0.3259 

168.2 

0.3526 

16 

396.2 

0.01642 

0 21970 

27.2 

138.5 

0.0593 

0 2933 

153,7 

0 3249 

168.3 

0.3513 

18 

408.9 

0.01652 

0.21210 

28.3 

138.4 

0.0616 

0 2921 

153.7 

0.3238 

168.5 

0.3501 

20 

4218 

0.01663 

0.20490 

29 4 

138.3 

0.0638 

0.2909 

153.7 

0.3227 

168.6 

0 3489 

22 

434 0 

0.01673 

019790 

30.5 

138.2 

0.0662 

0.2897 

153 7 

0.3214 

168.7 

0.3479 

24 

448.4 

0.01684 

0 19120 

31.7 

1381 

0.0686 

0.2885 

153.7 

0 3202 

168 8 

0.3470 

26 

462.2 

0.01695 

0.18460 

32.9 

138.0 

0.0710 

0.2873 

153.7 

0 3189 

168.9 

0.3460 

28 

476 3 

0.01707 

,0.17830 

34.1 

137-9 

0 0734 

0 2861 

153 7 

0 3177 

169.0 

0 3451 

30 

490.8 

001719 

0.17220 

35-4 1 

137.8 

0.0758 

0.2849 

1.S3.7 

0 3164 

169.1 

0 3441 

32 

505.5 

0.01731 

016630 

36.7 1 

137.7 

0.0781 

0.2834 

153.7 

0.3158 

169 2 

0 3431 

34 

522 6 

0.01744 

0.16030 

37.9 i 

137.4 

0 0804 

0 2820 

153.7 

0.3151 

169.3 

0 3421 

36 

536.0 

0.01759 

0.15500 

39.1 

137.2 

0.0828 

0.2805 

153.7 

0.3145 

169.4 

0 3411 

38 

5517 

0.01773 

0.14960 

40.4 

136.9 

0 0851 

0 2791 

153 7 

0.3138 

169.5 

0.3401 

39 

559.7 

0 01780 

0 14700 

41.0 

136.8 

0 0862 

0.2783 

153 7 

0.3135 

169.5 

0.3396 

40 

567 8 

0.01787 

0.14440 

41.7 

136.7 

0.0874 

0.2776 

153 7 

0 3132 

169.6 

0.3391 

41 

576 0 

0.01794 

0.14185 

42.3 

136.5 

0 0887 

0.2768 

153.7 

0 3127 

169 6 

0.3386 

42 

584.3 

0.01801 

0 13930 

42.9 

136 3 

0.0899 

0 2761 

153.7 

0.3122 

169 7 

0.3381 

44 

601.1 

0.01817 

0.13440 

44.3 

136.1 

0.0924 

0 2745 

153.7 

0.3112 

169.8 

0.3371 

46 

618.2 

001834 

0.12970 

45.6 

135.7 

0 0950 

0.2730 

153.7 

0.3101 

169.9 

0.3362 

48 

635 7 

001851 

0 12500 

47.0 

135.4 

0 0975 

0.2714 

153.7 

0 3091 

170.0 

0.3352 

50 

653 6 

0 01868 

0.12050 

48.4 

135 0 

0.1000 

0.2699 

153.7 

0.3081 

170.1 

0 3342 

52 

671.9 

0.01887 

0.11610 

49.8 

134.5 

0.1027 

0.2681 

153.7 

0 3069 

170.2 

0.3333 

54 

690 6 

0.01906 

0.11170 

51.2 

133.9 

0.1054 

0.2663 

153.7 

0.3057 

170.3 

i 0 3324 

56 

709 5 

0.01927 

o:io7so 

52.6 

133.4 

0.1081 

0.2644 

153.7 

0.3046 

170.5 

0.3315 

58 

728 8 

0.01948 

0.10340 

54.0 

132 7 

0.1108 

0.2626 

153.7 

0 3034 

170 6 

1 0.3306 

>60 

748 6 

0.01970 

0.09940 

55.5 

132.1 

0.1135 

0.2608 

153.7 

0.3022 

170.7 

0 3297 

-62 

769.0 

0.01995 

0.09545 

57.0 

131.3 

0.1164 

0.2584 

153 7 

0 3012 

170.8 

0.3289 

>64 

789,4 

0.02020 

0.09180 

58.6 

130.6 

0.1194 

0.2560 

153.7 

0.3002 

170.9 

0.3281 

<)6 

8103 

0.02048 

0.08800 

602 

129.7 

0.1223 

0.2535 

153.7 

0.2991 

171.0 

0 3273 

68 

831.6 

0.02079 

0 08422 

61.9 

128.7 

0.1253 

0.2511 

153.7 

0 2981 

171,1 

0.3265 

70 

853.4 

0.02112 

0.08040 

63.7 

127.5 

0.1282 

0.2487 

153.7 

0 2971 

171.2 

0.3257 

72 

875.8 

0.02152 

0 07654 

6S.S 

126.0 

0.1321 

0.2450 

153.7 

0.2962 

171.3 

0.3250 

74 

898.2 

0 02192 

007269 

67.3 

124 5 

0.1360 

0.2414 

153.7 

0 2953 

171.4 

0 3242 

76 

921.3 

0.02242 

0.06875 

69.4 

122.8 

0.1398 

0.2377 

153.7 

0 2945 

171.5 

0.3235 

78 

944 8 

0 02300 

0 06473 

71.6 

120 9 

0.1437 

0 2341 

153 7 

0.2936 

171.6 

0 3227 

80 

968.7 

0.02370 

0.06064 

73.9 

118.7 

0.1476 

0 2304 

153.7 

0.2927 

171.7 

0 3220 

82 

993 0 

0 02456 

0 05648 

76 4 

116 6 

0.1578 

0.2195 

153.7 

0 2920 

173.8 

0 3215 

84 

1017 7 

0.02553 

0 05223 

79.4 

113 9 

0.1679 

0.2087 ■ 

153.7 

0.2914 

176.0 

0.3209 

86 

1043.0 

0 02686 

0 04789 

83 3 

110.4 

0.1781 

0.1978 

153.7 

0.2907 

178.2 

0 3204 

87 8 

1069.9 

0.03454 

0.03454 

97.0 

97 0 

01880 

01880 

153.7 

0 2901 

180.1 

0 3199 


Types of Compressors 

There are many different types of compressors, using various refrig- 
erants. Each type has its advantages for its particular ^application, 
and those generally used for air conditioning are of the following types: 

1. Reciprocating compressors (commonly referred to as piston type). 

2. Centrifugal compressors. 

3. Steam jet. 

Reciprocating compressors are available in a wide range of sizes and 
types. Any of a number of refrigerants, including dichlorodifluoromethane 
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(F12), methyl chloride, ammonia, carbon dioxide, and sulphur dioxide 
may be used in reciprocating machines. The first of these is used exten- 
sively in direct expansion systems of comfort air conditioning. 

Compressors may be classified into two general types, (a) open type, 
(&) enclosed type. If the driving mechanism is external to the compressor, 
then the shaft must be brought out through the crankcase and a shaft 
seal or stuffing box must be used to prevent escape of the refrigerant. 
This type of compressor is known as an open-type compressor. When 
the driving mechanism is located within the crankcase of the compressor 
in such a way as to avoid the necessity of a shaft seal, the compressor is 
known as the completely enclosed or hermetically sealed type. 

Open type compressors may be further classified as belt driven and 
directly connected. A great number of direct-driven units are now being 
used which generally operate at higher rotational speeds than the belt- 
driven type. 

The present tendency is toward forced lubrication of the bearings of 
compressors by means of an oil pump driven from the crankshaft, although 
there are many splash lubricated compressors on the market. The chief 
advantages of the forced lubricated compressor are that the lubrication 
system requires less energy for its operation than the splash type, the oil 
can be easily filtered before it enters the bearings, and less oil is usually 
required. 

The compressor capacity must be selected for and matched to the 
maximum load for the installation on which it is to be used. Air-con- 
ditioning loads, however, vary over a wide range, and a wide fluctuation 
in air conditions may result during periods of light load if on-and-ofF 
control of full compressor capacity is used. To prevent such undesirable 
fluctuation, several methods are employed to vary the capacity of 
reciprocating compressors, such as: 

1. By-passing one or more cylinders, of a multi-cylinder compressor, from discharge 
to suction. 

2. Rendering the suction valves of one or more cylinders of a multi-cylinder compressor 
inoperative. This is usually accomplished by depressing the suction valves. 

3. Varying the speed of the compressor, usually by using variable speed or two-speed 
electric motors. 

4. Using clearance pockets to control the quantity of refrigerant pumped. 

5. Restricting the suction inlet to one or more of the cylinders of a multi-cylinder 
compressor either by an automatic modulating valve or by an on and valve. 

All of these methods, with the exception of variable speed, result 
in a slightly lowered overall compressor efficiency when in use, since the 
mechanical losses remain constant whereas the quantity of refrigerant 
pumped is lowered. 

Centrifugal compressors are used with very low pressure refrigerants; 
usually both evaporator and condenser work below atmospheric pressure. 
Water and monofluorotrichloromethane (Fu) are the refrigerants com- 
monly used in centrifugal machines. 

Compression of the refrigerant is accomplished by means of centrifugal 
force; therefore, this type of compressor is inherently suitable for large 
volumes of refrigerant at low pressure differentials. Two or more stages 
are usually required and high speeds are necessary to obtain good efficiency. 
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Table 5. Properties of Monofluorotrichloromethane (Fn) 


Sat 

^Abs. 

VOLITME 


Heat Content and Entropy Taken From • 

-40 F 

TEliP. 

F 

]Pridss# 
Ijb pbr 



1 Heat Conteut | Entropy 

25 F Superheat 

SO F Superheat 


Sq In. 

Liquid 

Vapor 

Liquid 

Vapor Liquid Vapor 

Ht Ct. Entropy 

Ht. Ct. Entropy 

0 

2.59 

0.01020 

13.700 

7.81 

90.4 0.0178 0.1975 

93.9 0.2049 

97.4 0.2120 

5 

2.96 

0.01024 

12.100 

8.81 

91.2 0.0200 0.1974 

94.7 0.2047 

98.2 0.2117 

10 

3.38 

0.01028 

10.700 

9.82 

92.0 0.0222 0.1973 

95.5 0.2045 

99.0 0.2114 

15 

3.85 

0.01032 

9.530 

10.80 

92.8 0.0243 0.1971 

96.3 0.2043 

99.8 0.2111 

20 

4.36 

0.01036 

8.490 

11.90 

93.7 0.02640.1970 

97.2 0.2041 

100.7 0.2109 

25 

4.94 

0.01040 

7.580 

12.90 

94.5 0.02860.1969 

98.0 0.2039 

101.5 0.2107 

30 

5.57 

0.01045 

6.770 

13.90 

95.3 0.0307 0.1969 

98.8 0.2038 

102.3 0.2105 

35 

6.27 

0.01049 

6.080 

14.90 

96.1 0.0328 0.1968 

99.6 0.2037 

103.1 0.2103 

40 

7.03 

0.01053 

5.460 

16.00 

96.8 0.0349 0.1968 

100.3 0.2036 

103.8 0.2101 

45 

7.88 

0.01057 

4.920 

17.00 

97.6 0.0370 0.1967 

101.1 0.2035 

104.6 0.2099 

SO 

8.79 

0.01062 

4.440 

18.10 

98.4 0.03910.1967 

101.9 0.2034 

105.4 0.2098 

55 

9.80 

0.01066 

4.020 

19.10 

99.2 0.0412 0.1967 

102.7 0.2033 

106.2 0.2097 

60 

10.90 

0.01071 

3.640 

20.20 

100.0 0.0432 0.1967 

103.5 0.2033 

107.0 0.2096 

65 

12.10 

0.01076 

3.300 

21.30 

100.8 0.0453 0.1967 

104.3 0.2032 

107.8 0.2094 

70 

13.40 

0.01081 

3.000 

22.40 

101.5 0.0473 0.1967 

105.0 0.2032 

108.5 0.2093 

75 

14.80 

0.01086 

2.740 

23.50 

102.2 0.0493 0.1967 

105.7 0.2031 

109.2 0.2092 

80 

16.30 

0.01091 

2.500 

24.50 

102.9 0.0513 0.1966 

106.4 0.2030 

109.9 0.2090 

85 

17.90 

0.01096 

2.280 

25.60 

103.6 0.0533 0.1966 

107.1 0.2029 

110.6 0.2089 

90 

19.70 

0.01101 

2.090 

26.70 

104.4 0.0553 0.1966 

107.9 0.2028 

111.4 0.2088 

95 

21.60 

0.01106 

1.918 

27.80 

105.1 0.0573 0.1966 

108.6 0.2028 

112.1 0.2087 

100 

23.60 

0.01111 

1.761 

28.90 

105.7 0.0593 0.1965 

109.2 0.2027 

1 112.7 0.2085 

105 

25.90 

0.01116 

1.620 

30.10 

106.4 0.0613 0.1965 

109.9 0.2026 

113.4 0.2084 


Table 6. Properties of Water 


Hbat Contsnt and Entropt Taken Fbou +32 F 


Temp. 

F 

Press 

raR 


Heat Content | 

Entropy 

SO F Superheat 

100 F Superheat 


Sq In. 

Liquid 

Vapor 

Liquid 

Vapor 

liquid Vapor 

Ht. Ct Entropy 

Ht. Ct. Entropy 

32 

0.0887 

0.01602 

3296.0 

0.00 

1073.0 

0.0000 2.1826 

1096.9 2.2277 

1120.8 2.2688 

35 

0.1000 

0.01602 

2941.0 

3.02 

1074.40.0062 2.1724 

1098.3 2.2172 

1122.2 2.2581 

40 

0.1217 

0.01602 

2441.0 

8.05 

1076.8 

0.0163 2.1555 

1100.62.2000 

1124.5 2.2406 

45 

0.147S 

0.01602 

2034,0 

13.07 

1079.2 

0.0262 2.1390 

1102.9 2.1832 

1126.7 2.2234 

50 

0.1780 

0.01602 

1702,0 

18.08 

1081.5 

0.03612.1230 

1105.2 2.1667 

1129.0 2.2066 

55 

0.2140 

0.01603 

1430.0 

23.08 

1083.9 

0.0459 2.1073 

1107.5 2.1506 

1131.3 2.1902 

60 

0.2561 

0.01603 

1206.0 

28.08 

1086.2 

0.0556 2.0920 

1109.8 2.1349 

1133.5 2.1742 

65 

0.3054 

0.01604 

1021.0 

33.08 

1088,6 

0.0652 2.0771 

1112.2 2.1196 

1135.8 2.1585 

70 

0.3628 

0.01605 

868.0 

38,07 

1090.9 

0.07462.0625 

1114.5 2.1046 

1138.12.1432 

75 

0.4295 

0.01606 

740.0 

43.06 

1093.2 

0.0840 2.0483 

1116.7 2.0900 

1140.3 2.1283 

SO 

0.507 

0.01607 

632.9 

48.05 

1095.5 

0.0933 2.0344 

1119.0 2.0758 

1142.5 2.1138 

85 

0.596 

0.01609 

543.3 

53.04 

1097.8 

0,1025 2.0208 

1121.2 2.0619 

1144.7 2.0996 

90 

0.698 

0.01610 

467.9 

58.03 

1100.0 

0.1116 2.0075 

1123.4 2.0483 

1146.8 2.0857 

95 

0.815 

0.01612 

404.2 

63.01 

1102.3 

0.12061.9946 

1125.6 2.0350 

1148.9 2.0721 

100 

0.949 

0.01613 

350.3 

68.00 

1104.6 

0.12961.9819 

1127.9 2.0220 

1151.12.0588 

105 

1.101 

0.01615 

304.4 

72.98 

1106.8 

0.13841.9695 

1130.2 2.0093 

1153.2 2.0458 


For properties of steam at high temperatures, see Table 8, Chapter 1. 
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The evaporator is usually constructed as an integral part of the centrif- 
ugal type^ condensing unit, to chill water which is then circulated to the 
air conditioning system. This is done because it would not be economical 
to pipe these large volumes of refrigerant any distance. 

Centrifugal compressors like reciprocating compressors can be divided 
into two general tr^es, open and enclosed. In general, the open type 
compressor is geared to the driving mechanism, and operates at higher 
speed than the driving motor or turbine. A modern completely enclosed 
direct-driven, centrifugal compressor is illustrated in Fig. 2. 

The compressor capacity can be varied by controlling the condensing 
pressure. This is accomplished by regulating the quantity and tem- 
perature of the condenser cooling water. The capacity falls ofif with 
increasing condensing pressure. Centrifugal compressors are seldom 


2 nd. stage compressor Condenser 



built for less than 50 tons capacity, since it is not practical to make 
impellers which pump much less than the volume of refrigerant required 
for this tonnage. 

The steam jet type of compressor, under certain circumstances, is 
desirable for use in air conditioning^. Steam supplies directly the power 
used for compressing the refrigerant, thus eliminating the losses connected 
with other methods of supplying energy. As the compression ratio 
between the evaporator and condenser under normal circumstances is 
large, the medianical efficiency of the equipment is somewhat lower than 
that of the positive mechanical type compressor. The condensing water 
requirements are considerably greater, as both the refrigerant and the 
impelling steam must be condensed. 

The steam jet system functions on the principle that water under high 
vacuum will vaporize at low temperatures. Steam jet boosters or com- 
pressors of the type commonly used in power plants for various processes 
will produce the necessary low absolute pressure to cause evaporation 
of the water. 

^Application and Economy of Steam Jet Refrigeration to Air Conditioning, by A. R. Mnmford and 
A. A. Markson (A.S.H.V.E. Transactions, Vol. 44. 1938, p, 33). 
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A diagrammatic representation of a typical steam ejector water cooling 
system is shown in Fig. 3. The figures correspond to an average repre- 
sentative system. The water to be cooled enters the evaporator and is 
cooled to a temperature corresponding to the vacuum maintained. 
Because of the high vacuum, a small amount of the water introduced in 
the evaporator is flashed into steam. As this requires heat, and the only 
source of heat is the rest of the water in the evaporator tank, this other 
water is almost instantly cooled to a temperature corresponding to the 
boiling point determined by the vacuum maintained. The amount of 
water flashed into steam is a small percentage of the total water circu- 
lated through the evaporator, amounting to approximately 11 lb per hour 
per ton of refrigerg.tion developed. The remainder of the water at the 


Running nosles 


Chilled water- — u— nr — >«— 
.nletSSF-e^Jl: 


Condenser water 
outlet 98 F 

A 



Dram to mam condenser'^ f First stage ejector 

First stage condenser 


Condenser cooling 
water 80 F 


Fig. 3. Diagrammatic Arrangement of Steam Jet Vacuum Cooling Unit 


desired low temperature is pumped out of the evaporator and used at the 
point where it is required. 

The ejector compresses the vapor which has been flashed in the evapor- 
ator, plus any entrained air taken from the circulated water, to a some- 
what higher absolute pressure and the vapor and air mix with the impel- 
ling steam on the discharge side of the jet. The total mixture then passes 
from the ejector into the condenser. 

The slight amount of air which may be entrained in the cooled water 
is removed by a small secondary ejector which raises the pressure suffi- 
ciently so that the air can be discharged to the atmosphere. A secondary 
condenser is necessary to condense the steam in the secondary jet. 

Although steam jet vacuum cooling units have been built for as small 
as 5 to 6 tons capacity, a single booster of smaller than 15 tons capacity is 
difficult to build. They can readily be built for steam pressures of from 
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6 to 200 lb per square inch and condenser water temperatures as high as 
90 F. The steam consumption in pounds per hour per ton of refrigeration 
increases rapidly as the booster steam pressure is lowered. For example, 
the lowering of the booster steam pressure from 200 to 90 lb per square 
inch results in an increase in steam consumption of approximately 5 per 
cent whereas a further decrease in. booster steam pressure to 10 lb per 
square inch increases the steam consumption by approximately 72 per 
cent over that required at 200 lb per square inch. 

The capacity of a steam jet system is usually controlled by controlling 
the number of boosters in use since the unit usually has several boosters 
operating on the same evaporator. Usually one booster is automatically 



Fig. 4. Performance Characteristics of Compression Refiugeration 
Machines at Constant Speed 

controlled whereas the others are manually operated. The capacity is 
dependent, as for all compressors, upon the evaporator temperature, or 
in other words, the suction pressure. For example, the opacity is 
lowered approximately 17 per cent if the evaporator or chilled water 
temperature is lowered from 50 to 46 F. The capacity therefore can be 
controlled to some extent by regulating the evaporator temperature. 

CHARACTERISTICS OF COMPRESSION SYSTEMS 

The various types of compression systems have quite different charac- 
teristics of capacity and power with varying evaporator and condenser 
temperatures, as may be noted from curves in Figs. 4 and 5. 
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From Fig. 5 it may be observed that power requirements for the centri- 
fugal compressor increase much more rapidly than for the reciprocating 
compressor with increase in evaporator temperature. Similarly, the 
capacities of the steam ejector and centrifugal compressors increase more 
rapidly than those of the reciprocating compressor with increase in evapor- 
ator temperature. Thus, both the steam jet and centrifugal machines 
tend to be more self-regulating than the reciprocating. It is also evident 
from Fig. 5 that the steam jet equipment is best suited for operation at 
high evaporator temperatures. 

The effect of condenser temperature upon the power and capacity of 
the different types of compressors is shown in Fig. 6. It may be noted 
that the power required by the reciprocating compressor increases rapidly 



Fig. 5. Performance Characteristics of Compression Refrigeration 
Machines at Constant Speed 

with increase in condenser temperature, while the power curve for the 
centrifugal compressor is relatively flat. It is also evident that the 
capacity of the steam jet compressor is independent of condenser tem- 
perature until a certain point is reached where it drops to zero. As 
previously stated, steam jet equipment requires more condensing water 
than other types of compression systems. Consequently, steam jet 
systems are well suited to those applications where condensing water is 
cheap, or where condensing water is rather high in temperature. 

ABSORPTION SYSTEMS 

The fundamental rule governing the absorption (in a closed system) of 
a gas by a liquid is Raoult’s Law, which states that at any given tem- 
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perature the ratio of the partial pressure of a volatile component in a 
solution to the vapor pressure of the pure component at the same tem- 
perature is equal to its mol fraction in the solution. The mol fraction in 
turn is equal to the number of mols of substance divided by the total 
number of mols present. The number of mols in a given weight of a 
compound is equal to the weight divided by the molecular weight. 

This law applies strictly, only to what is known as an ideal solution, 
that is, one in which the inter-molecular forces between the substances 
present in the solution are equal. Actually, no such solutions exist, so 
that deviations from Raoult's Law are always found in practice. The 
deviation is called positive when the observed pressure is greater than 
that calculated from Raoult’s Law, while the term negative deviation 
refers to the opposite case. Negative deviations are found wherever 
chemical attraction exists between the solvent and the solute. Positive 



Fig. 6. Closed Absorption System 


deviation occurs when there is a difference in the internal pressure of the 
components, chemical attraction between them being absent. 

In order to make an effective absorption machine, large negative 
deviations from Raoult’s Law must be shown by solutions of the refrig- 
erant in the liquid absorbent, because the larger the negative deviation, 
the greater is the amount of refrigerant that can be cycled, using a given 
weight of absorbent. Cycling a large amount of refrigerant for a given 
weight of absorbent is important because of the heat required to raise the 
temperature of the mixture and disassociate the refrigerant and the 
absorbent. Only the latent heat of the refrigerant can be recovered for 
useful work. 

Many refrigerant-absorbent combinations have been proposed and 
quite a number have been tested. A diagrammatic representation of a 
typical closed absorption system is outlined in Fig. 6. ^ In this system a 
mixture of refrigerant and absorbent is evaporated in the generator, 
passes to an analyzer and rectifier where it is purified, and then to a con- 
denser where the refrigerant and remaining absorbent is condensed. It 
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then passes through an expansion valve to an evaporator, where heat is 
absorbed from a cooling load. From the evaporator the vapor and resi- 
dual absorbent passes to an absorber where it meets absorbent which is 
initially low (weak) in refrigerant concentration. The absorbent absorbs 
the vapor and the strong absorbent liquor is transferred to the generator 
through an interchanger with the weak liquor returning from the generator. 

A cooling medium, ordinarily water, is used in the absorber to remove 
the heat of absorption and maintain the absorptive power of the absorber 
at a maximum. 

Like the steam jet system, the absorption system compares most 
favorably when a cheap source of cooling water and steam or other heat 
is available. Unlike the steam jet system, the comparative performance 
is usually best with a wide range of temperature between the evaporator 
and absorber, since with a good refrigerant-absorbent combination, the 
amount of heat and water required for a given refrigerating effect in- 
creases slowly with an increase of evaporator-condenser temperature 
range. 

At the present time the most used refrigerant-absorbent combinations 
are: (1) water and ammonia, and (2) dichloromonofluoromethane and 
dimethyl ether of tetraethylene glycol. With the latter combination the 
boiling points of the refrigerant and absorbent are sufficiently wide apart 
that almost pure refrigerant is obtained without the use of a rectifier. 

EXPANSION VALVES 

The thermostatic expansion valve is a device to regulate the flow of 
liquid refrigerant so that the evaporator will always be used to best 
advantage. The evaporator coil must be kept as full as possible without 
any chance of liquid refrigerant entering the suction line. The expansion 
valve accomplishes this by regulating the supply of refrigerant, so that 
the temperature of the gas leaving the evaporator is always slightly 
higher than the temperature of the boiling refrigerant inside of it. This 
difference in temperature between the outgoing (suction) gas and the 
liquid refrigerant in the evaporator is called Sie superheat of the gas. 

The operation of the thermostatic expansion valve can best be ex- 
plained by means of a diagram. Fig. 7. A small refrigerant charge in the 
control bulb exerts a pressure through the tube to the upper side of the 
diaphragm, which tends to open the valve. 

The magnitude of this pressure is determined by the temperature of the 
suction gas leaving the evaporator, as the control bulb is attached to the 
suction line at this point and is at approximately the same temperature. 
The suction pressure in the evaporator is transmitted through the equal- 
izer tap and exerts an opposing force on the other side of the diaphragm 
in the direction to close the valve. This pressure corresponds to the tem- 
perature of the boiling refrigerant. The resulting force on the diaphragm 
is determined by the differential between the temperature of the suction 
gas and the boiling point of the refrigerant, which is the amount of super- 
heat in the gas. If this temperature differential becomes greater (super- 
heat increases), the resultant force on the diaphragm opens the valve and 
admits more refrigerant. The reverse is true if the superheat decreases, 
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and the valve partly closes, thus admitting less refrigerant. The spring 
keeps the valve closed until the resultant force on the diaphragm cor- 
responds to the desired superheat. The adjustment of the spring will 
change the amount of superheat to be maintained in the suction gas. 

The selection of the expansion valve is, of course, determined by the 
capacity of the valve. The capacity of a valve with a given orifice is 
determined by the refrigerant used, the differential of pressure across the 
valve and the amount the liquid is sub-cooled as it enters the valve. The 
expansion valves are usually rated at zero sub-cooling of the liquid, or 
100 per cent liquid. Oftentimes special devices are used to properly 
distribute the refrigerant among the parallel paths of the evaporator. 
These distributing devices usually* have considerable pressure drop. 
Where they are used, the pressure drop across the expansion valve is not 



Fig. 7. Typical Thermostatic Expansion Valve 


the difference between suction and discharge pressures, as allowance must 
be made for the pressiure drop across the distributing device. An equal- 
izer connection from the evaporator suction line must be made to the 
underside of the diaphragm (see Fig. 7) whenever the valve outlet is not 
at the evaporator pressure so as to insure suction pressure at this point. 
When distributing devices are used, this equalizer connection is essential 
for proper operation of the valve. Another pressure drop allowance must 
be made for the liquid line, particularly when the liquid line has an 
appreciable vertical rise. 


CONDENSERS 

Condensers used for liquifying the refrigerant are of three general 
designs: (1) air, (2) water, and (3) evaporative (combination air etnd 
water). 

Air Cooled 

Air cooled condensers are seldom used for capacities above 3 tons of 
refrigeration, unless an adequate water supply is extremely difficult to 
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obtain, as, for instance, in railway air conditioning. Even on fractional 
tonnage installations, air is used as the condensing medium only where 
water is expensive or where simplicity of installation warrants the higher 
condensing pressure, and consequent higher power costs than would be 
obtained using water as the condensing medium. 

The conventional air cooled condenser consists of an extended surface 
coil across which air is blown by a fan. The hot discharge gas enters the 
coil at the top and, as it is condensed, flows to a receiver located below the 
condenser. Air cooled condensers should always be located in a well 
ventilated space so that the heated air may escape and be replaced by 
cooled air. 

The principal disadvantages of air cooled condensers are the power 
required to move the air and the reduction of capacity on hot days. This 
loss of capacity due to high condensing pressures on hot days requires 
that equipment of increased capacity be selected to meet the peak load. 
Thus at normal loads the equipment is oversized. 

Water Cooled 

Water cooled condensers are of the double pipe type, the shell and tube 
type, or the shell and coil type. Double pipe condensers are arranged so 
that water passes through the inner of two concentric pipes and refrig- 
erant circulates through the annular space between the pipes. Where 
possible, there should be counter-flow of the refrigerant and the con- 
densing water to obtain maximum temperature differences. This type 
is usually used only with small condensing units. 

The amount and temperature of the condensing water determine the 
condensing temperature and pressure, and indirectly the power required 
for compression. It is therefore necessary to determine a balance so that 
the quantity of water insures economical compressor operation. 

Because there is a decided tendency to conserve the water in city mains 
and because most large cities are restricting the use of water for air con- 
ditioning and refrigeration equipment, it is often necessary to install 
cooling towers or evaporative condensers. Cooling towers, unfortunately, 
produce the warmest condensing water at the time when the load on the 
system is greatest, so that the refrigeration equipment must be designed 
to meet the maximum load at abnormal condensing water temperatures. 
If properly designed, this makes little difference in the efficiency of 
operation throughout the year except at those times when the condensing 
water temperature is highest. As this occurs only for 5 per cent of the 
entire cooling period it can be disregarded as a factor in establishing 
yearly operating costs. 

The cooling tower has a certain advantage over the use of water from 
the city mains. Economies are possible when a cooling tower is used, 
which cannot be achieved by the use of condensing water from city mains. 
In certain localities, the lowest city water temperature met during the 
summer months is from 65 to 70 F. This temperature range takes place 
for the entire cooling period, regardless of the outdoor temperature. 
With a cooling tower, the temperature of the condensing water may rise 
to 80 or 85 F under maximum conditions, but under less than maximum 
conditions the temperature of the water leaving the cooling tower drops 
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considerably. It has been established that in these localities during 
50 per cent of the time, the outdoor wet-bulb temperature varies from 
60 to 70 F and the cooling tower water, for the same periods, varies from 
65 to 75 F. When the outdoor wet-bulb temperature drops below 60 F, 
which occurs approximately 30 per cent of the time, the condensing water 
temperature is still lower. The cost of water used for condensing is small 
as the only water required is that used to make up the loss by evaporation 



in the cooling tower itself. Refer to the section on Cooling Towers in 
Chapter 27. 

Shell and coil condensers are in general use for medium sized condensing 
units, and consist of a coil of tubing mounted inside a shell. The cooling 
water passes through the coil. 

Evaporative Condensers 

Due to the high cost of city water for condenser purposes, and due to 
ordinances in some localities prohibiting the discharge of large quantities 
of such water into the sewage systems, there has been developed a con- 
denser which uses a minimum amount of water on a finned surface, cooling 
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it to approximately the wet-bulb temperature of the surrounding atmos- 
phere. 

The end view of a typical evaporative condenser is shown in Fig. 8. 
The fan draws the air over a finned tube condenser which is kept wet by 
a water spray. The discharge refrigerant gas from the compressor enters 
the top of the condenser coil and the liquid refrigerant is drained from the 
bottom of the coil into a liquid receiver and then circulates through the 
remaining portion of the system in the usual way. 

The water is circulated through the spray nozzles and the level is 
maintained in the sump by means of a float valve. The eliminator plates 

Table 7. Pressure Losses in Dichlorodifluoromethane Discharge 
OR Hot Gas Lines^ 


Capacity 
Btu per Hour 


Pressure Drop in Pounds per Square Inch per 100 Fxb 


Line Sizes, Inches 





200,000 

250.000 

300.000 

400.000 

600.000 



»Soft annealed copper tubing up to and including % in. outside diameter. Hard copper pipe % in. 
outside diameter and larger. 

bLength of tubing includes the average number of fittings. 

are placed in the path of the water-air mixture so as to remove the 
entrained water. The air leaving the unit is almost completely saturated, 
so that care must be taken in locating discharge ducts to prevent con- 
densation. 

Evaporative condensers are available in sizes up to 100 tons or more. 
These units use only a small portion of the water required for a water 
cooled condenser. The water is vaporized by the heat of the refrigerant 
so that each pound of water used extracts approximately 1000 Btu from 
the refrigerant, whereas, under standard rating conditions where the 
water temperature rise is 20 F, each pound of water extracts only 20 Btu 
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from the refrigerant. Including the water lost by entrainment in the 
discharge air, by overflow and stand-by evaporation, the water used is 
about 3 to 5 per cent of the amount that would be required for a water 
cooled condenser. 

The evaporative condenser requires more maintenance, occupies greater 
space (must be located where air is available), and has a higher first cost 
than the water cooled condenser, but where the use of water is restricted 
or expensive, the evaporative condenser has become widely accepted. 
Compared with a water cooled condenser and cooling tower, which com- 

Table 8. Pressure Losses in Dichlorodifluoromethane 
Liquid Refrigerant Lines 


PRESsxmE Drop in Pounds per Square Inch per 100 Fra 


Capacity 
Btu per Hour 


Pipe Sizes, Inches 


100,000 

125.000 

150.000 

175.000 

200.000 


225,000 

2.9 

0.8 

250,000 

3.6 

1.0 

275,000 

4.3 

1.2 

300,000 

6.1 

1.4 

325,000 

5.9 

1.6 

350,000 

6,9 

1.8 

375,000 

7.9 

2.1 

400,000 

9.0 

2.3 

450,000 


2.9 

500,000 


3.6 

560,000 


4.3 

600,000 


5.0 

700,000 


6.7 

800,000 


8.7 

900,000 





1,000,000 

1,200,000 

1.400.000 

1.600.000 


1.800,000 

2,000,000 

2,200,000 


^Length of tubing includes the average number of fittings. 




bination uses about the same quantity of water, the evaporative con- 
denser has the advantage of lower cost and smaller space requirements. 


EVAPORATORS AND COOLERS 

The types of coolers used in connection with air conditioning work fall 
into three general groups. The first, is the direct cooling of water; Ae 
second, direct cooling of air; and the third, cooling of brine for circulation 
in a closed system, which can cool either water or air. One method of the 
direct cooling of water is to install direct expansion coils in the spray 
chamber so that the water sprayed into the air comes in direct contact 
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Table 9. Pressure Losses in Dichlorodifluoromethane 
Suction Refrigerant Lines (Concluded) 


Copper Pipe 
Actual O.D. 
Inches 

Capacity 
Btu per Hour 

Pressure Drop in Pounds per Square Inch per 100 Fts 

Refrigerant Temperature Deg F 

-10 

0 

10 

20 

30 

40 

50 


50,000 

0.2 

0.2 

0.1 

0.1 

0.1 

0.1 



100,000 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 



160,000 

1.6 

1.2 

1.0 

0.8 

06 

0.5 



200,000 

2.8 

2.1 

1.7 

1.4 

1.1 

0.9 



260,000 

4.3 

3.4 

2.6 

2.1 

1.7 

1.3 

1.1 

2% 

300,000 

6.1 

4.5 

3.7 

3.0 

2.4 

1.9 

1.5 


360,000 

8.2 

6.0 

5.0 

4.0 

3.2 

2.5 

2.0 


400,000 


7.8 

6.5 

5.1 

4.2 

3.3 

2,7 


460,000 



7.7 

6.4 

5.3 

4.0 

3.5 


600,000 




7.8 

6.4 

5.0 

4.2 


560,000 





7.7 

6.2 

5.1 


600,000 






7.4 

6.2 


200,000 

1.2 

1.0 

0.8 

06 

0.5 

0.4 

0.4 


300,000 

2.6 

2.0 

1.6 

1.3 

1.0 

0.8 

0.7 


400,000 

4.5 

3.4 

2.6 

2.1 

1.7 

1.4 

1.3 


500,000 

7.3 

5.4 

4.1 

3.3 

2.7 

2.2 

1.9 

3H 

600,000 


8.1 

6.0 

4.7 

3.8 

3.1 

2.7 


700,000 



8.4 

6.5 

5.2 1 

4.2 

3.6 


800,000 




8.6 

6.8 

5.5 

4.6 


900,000 





8.7 

7.0 

5.9 


1,000,000 






8.9 

7.3 


300,000 

1.2 

0.9 

0.7 

06 

0.5 

0:4 

0.3 


400,000 

2.0 

1.6 

1.3 

1.0 

0.8 

0.7 

0.6 


500,000 

3.2 

2.5 

1.9 

1.6 

1.3 

1.0 

09 


600,000 

4.6 

3.6 

28 

2.2 

1.8 

1.5 

1.3 


700,000 

6.4 

4.9 

3.8 

3.0 

2.5 

2.0 

1.7 

m 

800,000 

8.7 

6.4 

4.9 

3.9 

3.2 

2.5 

2.2 


900,000 


8.2 

6.2 

4.9 

3.9 

3.2 

2.7 


1,000,000 



77 

6.1 

4.9 

4.0 

3.3 


1,100,000 



9.4 

7.3 

5.8 

4.8 

4.0 


1,200,000 




8.7 

6.9 

5.6 

4.8 


1,300,000 





8.0 

6.6 

6.6 


1,400,000 

1 




9.3 

7.6 

6.4 


400,000 

1.0 

0,8 

0.6 

0.4 

0.4 

03 

0.3 


600,000 

2.4 

18 

1.4 

1.1 

0.9 

0.7 

06 


800,000 

4.1 

3 1 

2.4 

2.0 

1.6 

1.3 

1.1 


1,000,000 

6.6 

4.8 

37 

3.0 

2.5 

2.0 

1.6 

AIZ 

1,200,000 

10.0 

7.1 

54 

4.4 

3.5 

2.9 

24 


1.400.000 


10.0 

7.5 

5.9 

4.8 

3.9 

3.3 


1,600,000 



! 10.0 

7.7 

6.2 

5.1 

4.2 


1,800,000 




10.0 

7.9 

6.4 

5.3 


2,000.000 





97 

7.9 

66 


2,200,000 






9.5 

7.9 


aLeiigth of tubing includes the average number of fittings. 


pletely surrounding the tubes at all times, good contact and a high rate of 
heat transfer are insured. The disadvantage of such a system is that with 
the falling off of load on the compressor the suction temperature or the 
temperature in the evaporator drops and there is a possibility of freezing 
the water in the tubes, which, of course, might split the tubes and allow 
the refrigerant to escape into the water passage. This danger can be 
eliminated by automatic safety devices. 

Another system of cooling spray water is to submerge coils in the spray 
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collecting tank, or in a separate tank used for storage. The heat trans- 
mission through the walls of the coils, however, is low and a great deal 
more surface is required than for any other type of cooler. However, with 
large storage tanks this type of cooling can be utilized to advantage. 

When direct cooling of air is employed, the refrigerant is inside the coil 
and the air passes over it. Cooling depends upon convection and con- 
duction for removing the heat from the air. The type of coil used can be 
either smooth or finned, the finned coil being more economical in space 
requirement than the smooth coil. The fins, however, must be far enough 
apart so as not to retain the moisture which condenses out of the air. 

The indirect cooler, where brine is cooled by the refrigerant and the 
resulting cold brine is used to cool either air or water, introduces several 
other considerations. It is not the most economical from a power con- 
sumption standpoint, as it is necessary to cool the brine to a temperature 
sufficiently low so that there is an appreciable difference between the 
average brine temperature and that of the substance being cooled. This 
requires that the temperature of the refrigerant must be still lower, and 
consequently the amount of power required to produce a given amount of 
refrigeration increases due to the higher compression ratio. There are 
other considerations which make such a system desirable. In the first 
place, where a toxic refrigerant is undesirable or cannot be used because 
of fire or other risks, especially in densely populated areas, the brine 
can be cooled in an isolated room or building and can then be circulated 
through the air conditioning equipment. This arrangement eliminates 
any possibility of direct contact between the air and refrigerant. 

REFRIGERANT PIPE SIZES 

The selection of proper pipe sizes and frictional pressure losses varies 
with the installation and the capacity of the system. Generally the 
suction piping should be selected so that the pressure loss is between 2 
and 3 lb per square inch. The pressure drop in liquid lines should be 
maintained so as to permit no vaporization in the pipes with limiting 
pressure drops not to exceed 5 lb per square inch. Hot or discharge gas 
lines should be limited to approximately 4 lb per square inch pressure 
drop. All pressure drops mentioned are total system losses and include 
not only the piping losses, but also the pressure losses in the valves, fittings 
and coils. 

Pressure drops for discharge or hot gas lines may be determined from 
Table 7. Pressure losses in liquid refrigerant lines of various sizes and 
capacities are given in Table 8. Pressure drops of suction refrigerant pipe 
lines at varying capacities and refrigerant temperatures are given in 
Table 9. Oil circulating with the refrigerant appreciably increases the 
pressure losses in both suction and discharge lines from that given in these 
tables. All tables are for 100 ft of pipe, including an average number of 
fittings, and for other lengths the losses are proportionate. Losses through 
control and regulating valves must be added to the other pipe losses to 
determine the total drop. All copper pipe referred to in these tables is 
of type L wall thickness and is designated by outside diameter. 

The effect of the sizes of refrigerant lines on the system may be studied 
by referring to the preceding discussion on Characteristics of Compression 
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Systems. It will be noted that any lowering of the suction pressure at the 
compressor lowers the capacity. Therefore, excessive pressure drop 
through the suction piping should be avoided. On the other hand, the 
suction line must not be made too large when using refrigerants which are 
soluble in oil, because under such circumstances the velocity of the re- 
turning refrigerant may become too low to carry back the entrained oil. 
Pressure drop in the discharge line also lowers the capacity of the system 
but not to the same extent as does the pressure drop in the suction line. 
The velocities of the refrigerant in either suction or discharge lines must 
not be excessive or noise will result. Velocities of 1000 to 2000 fpm are 
common in suction lines, and from 2000 to 3500 fpm are used in discharge 
lines. Velocities in the discharge lines as high as 5000 fpm can only be 
used where the fittings and bends are all stream-lined as noise will other- 
wise result. 

The pressure drop in the liquid line affects the capacity of the expansion 
valve as the pressure drop across the valve is reduced by the amount of 



the pipe line drop. If the liquid line drop is sufficient to cause flashing 
(i.e. vaporizing) of some of the liquid refrigerant, a hissing noise in the 
lines and valves usually develops. 

ICE SYSTEMS 

Cold water systems using ice as the cooling agent have been installed 
in many theaters, restaurants, funeral homes, churches and other places 
where short hours of operation and high peaks of cooling demand make 
this type of system desirable. A comparatively small quantity of ice in 
the water cooling tank of such a system can release refrigeration at a 
relatively rapid rate. For instance, neighborhood, theaters having a peak 
demand of 1,200,000 Btu per hour (100 tons refrigeration) have found 8 
ton capacity ice bunkers satisfactory. 

In operation, the water in the air conditioning system is circulated over 
ice placed in an insulated box and is cooled to the 38 or 40 F range or 
higher if desired. This cold water is pumped from the ice bunker to air 
cooling coils or spray type air washers. The blowers, coils, air washer or 
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Table 10. Basis of Equipment Selection 


Capacity 

Tons 

Majority Used 

Some Used 

Few Used 

0 to 5 

Unit systems in con- 
ditioned space. 

Unit central systems 
using duct distribu- 
tion. 

Built up central sys- 
tems. 

5 to 25 

Built up central sys- 
tems using reciprocat- 
ing compressors. 

Unit central systems 
using duct distribu- 
tion. 

Unit systems in con- 
ditioned space. 

Built up systems 
using absorption and 
adsorption systems. 

25 to 50 

Built up central sys- 
tems using reciprocat- 
ing compressors. 

Built up central sys- 
tems using centri- 
fugal compressors. 

Central systems 
using adsorption 
systems. 

50 to 400 

] 

Built up central sys- 
tems using reciprocat- 
ing compressors. 

Built up central sys- 
tems using steam jet 
and centrifugal com- 
pressors. 


400 and Over 

Built up central sys- 
tems using centri- 
fugal compressors. 

Built up central sys- 
tems using steam jet. 



air handling sections are the same as those parts in any system employing 
cold water as a refrigerant. 

The ice water cooler or ice bunker is usually built at the installation in 
a location where it can easily be iced. It can be constructed of any 
desired material such as concrete, steel, or wood with an adequate amount 
of insulation to save the ice from one period of use to the next. The basic 
requirement is that the tank be durable and water tight. A typical 
bunker with connections to a coil type air conditioning system is shown 
in Fig. 9.^ About 60 cu ft of gross bunker volume are allowed per ton of 
ice capacity. 

The shape of the bunker usually conforms to the available space. The 
one illustrated has overhead sprays, but if head-room is lacking the ice is 
placed on the floor of the bunker with the water returned around the 
lower part of the blocks from a perforated distribution pipe run along one 
side of the bunker. To secure good circulation the supply water is 
extracted from a similar perforated pipe on the opposite side of the bunker. 


Table 11. Typical Operating Conditions for Two Types of Load 


Ttph op 
Enolosxjbb 

j 

Load, Btd pdr Hotrs 

Ratio 

Sensible 

TO 

Total 

AirEntbrino 

Con. 

Operating Balance Point 

Sensible 

Latent 

Total 

Deg 

F 

Per 

Cent 

R.H. 

Evaporator 

Temp 

D^F 

Condenser 
Pressure 
Lb per 

Sq In. 

Per Cent 
Sensible 
Heat 

Restaurant 

103,000 

45,000 

148,000 

0.695 

82 

45 

34.4 

123 

69.9 

Office 

121,000 

27,000 

148,000 

0.820 

82 

45 

42.2 

100 

S2.1 
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The temperature of the water is controlled at a predetermined point 
by a thermostat in the supply line. If the temperature drops too low, a 
part of the return water is by-passed directly to the sump and is not 
cooled over the ice. In the larger systems it is customary to install an 
overflow control which, as the ice melts, discards the excess water through 
an economizer coil. The surface of the economizer is large in relation to 
the flow so that the water is warmed to 60 F or more as it is discharged 
from the system. 


STORAGE SYSTEMS 

In an attempt to lower initial equipment cost and operating expense, 
or increase the refrigeration capacity of an existing air conditioning 
system, storage refrigeration has been utilized in a few applications. 
Some of the methods which have been adopted include the storage of 
refrigeration in the form of chilled water, chilled brine, ice on evaporator 
coils® and the accumulation of thin sheets of ice on copper plates in a 
steel tank®. If the peak load factor is low as compared with a long period 
of operation, such as in a restaurant, or if the hours of operation are 
short but the usage factor high as in a church, then it is possible to con- 
sider storage refrigeration. This method of accumulating refrigeration 
frequently makes it possible to use low cost off-peak electric power. 
Power costs may also be reduced by installing a smaller refrigeration 
plant, augmented by a storage system, and by operating it for longer 
periods. 


EQUIPMENT SELECTION 

The selection of proper refrigeration equipment for any air conditioning 
job is of utmost importance for satisfactory results. The most important 
factors in the selection of the equipment are: 

1. Loads (as determined by the conditions of the space to be cooled). 

2. Economics (both initial and operating costs). 

3. Codes (local safety codes must be adhered to and influence the type of S 3 ^tem to 
be used). 

A broad division of equipment to be used for a particular installation or 
application may be made on the basis of the magnitude of the load. 
Current general practice is outlined in Table 10. 

Unit or packaged systems, consisting of a reciprocating compressor, 
condenser, evaporator and fans, are generally used in the smaller sized 
jobs where electric power is available, as they are manufactured complete, 
ready to install and are the most economical (see Chapter 23). 

The reciprocating compressor in the built-up central system (see 
Chapter 21) covers 5ie widest range of application since it is applicable to 
either the direct expansion or indirect systems and can be driven by 
steam or gas engines, or by electric motors. The quantity of condensing 


2The Application of Storage Refrigeration to Air Conditioning, by C, F. Booster (A.S.H V.E. Trans-* 
ACTIONS, Vol. 46, 1939, p. 675). 

®Use of Cold Accumulators in the Air Conditioning Field, by R. W. Evans and C. J. Otterholm 
(A.S.H.V E. Transactions, Vol. 48, 1942, p. 123). 
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cooling medium required is also less than for any other system with the 
exception of the centrifugal compressor, which uses the same amount. 

Centrifugal compressors are used for large installations, and usually 
where the indirect system is required. The driving mechanism can be 
steam turbine or electric motor. The steam jet system is used where 
steam is available and cooling water can be had in large quantities. 

It will be noted by referring to Fig. 4 that all systems using compressors 
have a common characteristic and that is, that the capacity varies with 
the evaporating temperature. Not only can the equipment be selected to 
produce a given result but the performance can be predicted under 
varying load conditions by the simple expedient of using the variable of 



Fig. 10. Compressor and Coil Performance 


evaporating temperature as the abscissa and the load or capacity as the 
ordinate in a series of curves. 

Manufacturers of compressors and cooling coils furnish performance 
data for apparatus that can be plotted in the form of curves similar to 
those shown in Fig. 10. The performance of a compressor is plotted as a 
series of curves, each curve being drawn for a given condensing pressure. 
The performance of a direct expansion coil at two different air velocities 
is plotted on the same graph. The operating point will be, of course, 
where the two curves cross. 

Data given in Table 11 illustrate two types of conditioned enclosures 
having the same total load of 148,000 Btu per hour, but with two different 
ratios of sensible to total heat. In the case of the office with a ratio of 
82 per cent sensible to total heat, the operating point A in Fig. 10 is found 
to be 42.2 F evaporating temperature with a face velocity of 500 fpm. 
.In the case of the restaurant, with a ratio of 69.5 per cent sensible to total 
heat, the air velocity is lowered to 300 fpm and the evaporating tem- 
perature is lowered to 34.4 F as shown in point B of Fig. 10. In order to 
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obtain the same capacity, a larger condensing unit is used. This illus- 
tration assumes zero pressure drop through the suction line. The pres- 
sure drop can be taken into account by shifting the compressor per- 
formance curves by the amount of pressure drop expressed in degrees 
Fahrenheit. 


THE REVERSE CYCLE 

In heating by the reverse refrigeration cycle energy is absorbed in an 
evaporator from some available source of heat, pumped to a higher tem- 
perature and delivered to a condenser^. The heat from the condenser is 
used for heating purposes. The compressor acts as a heat pump whose 
fundamental function is to raise the potential of the heat. The theoretical 


Exhaust air fan Conditioned air fan Exhaust air fan Conditioned air fan 



Fig. 11. Schematic Operation of Reversed Cycle Conditioning System 


ratio of the heat delivered to the work of compression is given in Equa- 
tion 1. 


where 


Tz 

Tz - Ti 


( 1 ) 


Ti ~ absolute temperature of evaporator. 
Tz = absolute temperature of condenser. 


Thus, with a small spread of temperature between the evaporator and 
the condenser, 6 or 8 times as much heat may be obtained theoretically, 
and 3 to 5 times practically, as the work introduced. There are a number 


4 Cooling HomeSr A Field for Refrigeration, by A. R. Stevenson, presented at the symposium of the 
Refrigeration with Gas Committee of the American Gas Association, April 20, 1926 The Heat Pump, An 
Economical Method of Producing Low-grade Heat from Electricity, by T. G. N. Haldane (Electric Review, 
Vol. 105, p. 1161-1162, December 27, 1929, and 1 E E, Journal, Vol. 68, p 666-675, June, 1930). Edison 
Building Heated and Cooled by Electricity, by H. L. Doolittle (Power, Vol 74, p, 384, September 8, 1931). 
House Heating by Pump with 5 to 1 Pick-up Ratio, by Gilbert Wilkes and R E. Marbury (Electrical World, 
Vol. 100, p 828, December 17, 1932). An All Electric Heating, Cooling and Air Conditioning System, by 
Philip Sporn and D. W. McLenegan (A.S H V.E. Transactions, Vol 41, 1935, p 307). Using the Reversed 
Cycle Refrigerating Principle for a Self-Contained Heating and Cooling Unit, by Henry L Galson 
(A S.H V.E Journal Section, Heating, Piping and Air CondUioning, October, 1935, p. 497). Heating by 
Reversed Refrigeration, by A J Lawless (Heating, Piping and Air Conditioning, August, p. 473, 
September, p. 519, 1940). 
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of limitations, however, the most serious of which is the lack of ready 
availability of a practical source of heat. 

1. Well water is the most desirable since its temperature is higher than other sources 
even in the winter, and thus a large amount of heat may be removed in relation to the 
weight of water handled. 

2. Air may be used but its specific heat is low and its temperature uncertain. When 
the most heat is needed, the temperature of the air is lowest, thus resulting in the least 
favorable temperature combination. 

3. It has been proposed to obtain heat by freezing water but this is still in the experi- 
mental stage. 

Some of the other factors which act as limitations are: the large tem- 
perature spread when using air as a source of heat and when attempting 
to cool with even moderately low outside temperatures, the frequent 
disparity between the size of the cooling load and heating load requiring 
extra equipment for a complete heating load, and the relatively high 
initial cost of equipment as compared to that at present available for 
heating by conventional means. 

Because of these limitations, the present application of the system is 
largely limited to temperate climates, such as Florida and Southern 
California, or to heating only for intermediate seasons, or to other locali- 
ties which have peculiar advantages as, for instance, the ready availability 
of well water. In these locations it is frequently possible to do all of the 
heating necessary with the refrigeration equipment so that the extra cost 
is only that of reversing the functions of the condenser and evaporator. 

There are a number of reversed systems now in operation, particularly 
among utility companies, using well water as the source of heat. These 
systems range in size up to 320 hp. In the case of the largest system in 
operation at present, the cost of the electrical energy would have to be 
approximately 0.7 cents per kilowatthour in order to compete with oil at 
6 cents per gallon. 

A typical arrangement of a reversed cycle conditioning system where 
air is used as a source of heat is shown in Fig. 11. If the air seldom drops 
below freezing, heat is often required in the morning and cooling during 
the afternoon in order to maintain comfortable conditions in such a 
system. The arrangement as shown lends itself to automatically changing 
over as required. 
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Coil Applications, Construction and Arrangement, Steam 
Coils, Water Coils, Direct ^Expansion Coils, Flow Arrange- 
ments, Applications, Calculation of Heat Transfer, Air Flow 
Resistance, Coil Performance, Selection 


T he coils described in this chapter are used in air conditioning sys- 
tems for heating or cooling an air stream under forced convection. 
The surface coil equipment may be made up of a number of banks, 
assembled in the field, or the entire assembly may be factory constructed. 
The applications of each type of coil are limited to the field within which 
it is rated. Other limitations are imposed by code regulations, by proper 
choice of materials for the refrigerants used and the condition of the air 
handled, or by an economic analysis of the possible alternates on each 
installation. 

For heating service, these coils are used as preheaters, reheaters or 
booster heaters, (see Chapters 21 and 22). The function of the coils is air 
heating only, but the apparatus assembly may include means for humidi- 
fication and air cleaning. Steam or hot water are the usual heating media, 
although others are used in special cases, such as reheating by means of 
discharge gas from a refrigerating system. 

Coils are used for air cooling with or without accompanying dehumidi- 
fication. Examples of cooling applications without dehumidification are 
precooling coils using well water or other relatively high temperature 
water to reduce the load on the refrigerating machinery, or water cooled 
coils to remove sensible heat in connection with chemical moisture- 
absorption apparatus. - By proper coil selection it is possible to handle 
both sensible cooling and dehumidification together as further explained 
later. The apparatus assembly usually includes an air cleaning means to 
protect the coil from accumulation of dirt and to keep dust and foreign 
matter out of the conditioned space. Although cooling and dehumidi- 
fication are the usual functions, there are cases of cooling coils purposely 
wetted as an aid to air cleaning and odor absorption. 

The usual cooling media used in surface coils are cold water and volatile 
refrigerants such as dichlorodifluoromethane and methyl chloride, but 
others are used in special cases. Brines are seldom required for the range 
of applications covered by this chapter, although there are cases where 
low entering air temperatures with large latent heat loads require a 
refrigerant temperature so low that water becomes impractical. Some- 

493 



HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


times, also, brine from an industrial system already installed is the only 
convenient source of refrigeration. 

For combined cooling and dehumidifying, surface coils present an alter- 
nate to spray dehumidifiers. For many applications it is possible, by 
proper selection of apparatus, choice of air velocities, refrigerant tempera- 
tures, etc., to perform the same duty with either. In a few cases both 
sprays and coils are used. The coils may then be installed within the 
spray chamber, either in series with the sprays or below them. In making 
the selection between spray and surface dehumidifiers, certain advantages 
of each should be considered. The fact that a spray dehumidifier is usually 
designed to deliver nearly saturated air tends to simplify the control 
problem. In this case the dry-bulb temperature is also the dew-point, and 
hence a dew-point control can be arranged by using a simple duct thermo- 
stat. Spray dehumidifiers have the advantage over unwetted coils of a 
certain degree of air cleaning and odor absorption. On the other hand, 
coils make possible a closed and balanced cooling water circuit, obviating 
the unbalanced pumping head, the complication of water level control, 
and danger from possible floods incidental to multiple-spray dehumidi- 
fiers, especially if located on different levels. The use of coils often makes 
it possible for the same surface to serve for summer cooling and winter 
heating by circulating cold water in the one season and hot water in the 
other> with consequent saving in apparatus and piping. Surface-coil 
dehumidifiers seldom deliver saturated air, and wet-bulb depression of 0.5 
to 4 F (or more) is usual. Another advantage is that where the surface 
coil system can be used with direct expansion of refrigerant, it is com- 
paratively low in initial and operating costs. Of course the safety of the 
occupant must be kept in mind in comfort conditioning applications. Some 
localities have refrigeration codes which restrict the use of direct-ex- 
pansion coils in the air stream, and hence local codes should be consulted 
by the engineer before a system employing direct expansion methods is 
designed. The choice between spray dehumidifiers and coils depends upon 
the necessities and the economic aspects of each case and no general rule 
can be given. There are many installations in which ei^ther can be used. 

COIL CONSTRUCTION AND ARRANGEMENT 

Coils are basically of two types, those consisting of bare tubes or pipe 
and those of extended surface construction. The former are little used for 
the applications covered by this chapter, but are often employed where 
conditions cause frost accumulation, and for cooling surface within spray 
dehumidifiers. 

The heat transmission from air passing over a tube to a refrigerant 
flowing within it is impeded by three resistances. The same is true when 
the air is being heated by steam or hot water in the tube. The first 
resistance is from the air to the surface of the tube, usually called the 
outside surface resistance or air-film resistance. Second is the resistance 
to the flow of heat by conduction through the metal itself. Finally there 
is another surface or film resistance to the flow of heat between the inside 
surface of the metal and the fluid in the tube. For the applications under 
consideration both the resistance of the metal wall to heat conduction, 
and the inside surface or film resistance are usually low as compared with 
the air-side surface resistance. This is especially the case where sensible 
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heating or cooling only is accomplished. Where dehumidification accom- 
panies sensible cooling, or where the external surface of the tube is sprayed 
with large quantities of water, the resistance to heat flow between the tube 
and the air flowing over it is much decreased. In the case of the water 
spray, the surface resistance depends on the amount and the method of 
application of the water. Economy in space, weight and cost make it 
advantageous to decrease the external surface resistance, where it is 
proportionately large, to approach that of the tube wall, and that from 
tube to refrigerant. This is accomplished by increasing the external 
surface by means of fins. With water spray the external resistance is 
already low, and the fins are less useful for increasing the overall heat 
transfer. Sometimes water spray is applied to the same type surface as 
would have been used without it. The overall heat transfer is not neces- 
sarily increased much by such an arrangement, but the water spray may 
serve other purposes than to increase the flow of heat, such as air and 
coil cleaning. 

In fin or extended surface coils the external surface of the tubes is 
known as primary and the fin surface is called secondary. The primary 
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Fig. 1. Types of Fin Coil Arrangement 


surface consists generally of round tubes or pipes. In some cases these 
are staggered and in others in line with respect to the air flow. The 
staggered arrangement gives a somewhat higher heat transfer value but 
also a higher resistance to air flow and in some cases makes the header 
and return bend arrangement more complicated. A number of types of 
fin arrangement are used, the most common of which are spiral, flat and 
flat-crinlded or corrugated, all as shown in Fig. 1. While the spiral fin 
surrounds each tube individually in all cases, the flat types may be con- 
tinuous (including several rows of tubes), or they may be round or square, 
with individual fins for each tube. All of these, as well as other less 
common types, are in use, the selection for a particular installation being 
based on economic considerations, space requirements and resistances of 
individual designs of coils. A most important factor in the performance 
of extended surface coils is the bond between the fin and the tube. An 
intimate contact is assured in a number of ways. The assembled coil may 
be coated with tin, zinc, etc., after fabrication. The spiral type fin may 
be knurled into a shallow groove on the exterior of the tube. The tube 
may be expanded after the fins are assembled, or the tube hole flanges of a 
flat or corrugated fin may be made to override those in the preceding 
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fin and so compress them upon the tube. There are also types of con- 
struction where the fin is formed out of the material of the tube itself. In 
any case the successful performance of a fin surface depends upon the 
bond between fin and tube being secure and remaining so in service. 

For heating coils the materials most generally used are copper, steel and 
aluminum. Sometimes aluminum or brass fins are used on copper tubes. 
Steel is uncommon except in special cases. Some types of heating coils are 
made of cast-iron. There are sufficient practical installations of each of 
these to demonstrate that they can all give good service. However for 
equal performances brass and aluminum fins must be of greater thickness 
than copper fins on account of their lower coefficients of conduction. The 
copper coils are frequently tin-dipped and steel coils galvanized to protect 
them from corrosion and to assure a bond between fin and tube. 

Cooling coils for water or for volatile refrigerants are most frequently 
of copper, both fin and tube. Aluminum fins on copper tubes are also 
used. For brines such as sodium or calcium chloride and for ammonia, 
steel fins and tubes are common. 

Although there are many variations for special cases, tube and fin sizes 
and spacings for air conditioning coils, both heating and cooling, fall 
within fairly narrow limits. The tubes are usually 5^, or ^ in. OD, 

and the fins spaced from 4 to 8 per inch, 6 per inch being a common 
design. The tube spacing generally varies from about to 2 in. on 
centers. Small tube size and close fin spacing give large capacity with 
small space demand, but the resistance, both over the surface and through 
the tubes, is higher than with larger tubes ^d more widely spaced fins. 
Moreover, too close a fin spacing may result in trouble from dirt accumu- 
lation, especially on dehumidifying coils, and may also cause trouble 
from water hold-up between the fins, particularly with air flow 
vertically upward. This condition increases the air resistance and de- 
creases the capacity of the coil. Water hold-up sometimes causes flooding 
trouble in vertical air flow units by accumulating too much water for the 
drain to hetndle all at once when the fan is stopped. 

Steam Coils 

For proper performance of steam heating coils, condensate and air 
must be continually eliminated and the steam must be evenly distributed 
to the individual tubes. This distribution is usually accomplished by 
individual orifices in the tubes, by distributing plates and orifice in the 
steam header, or by perforated internal steam-distributing pipes extending 
into the individual tubes. The latter arrangement has Sie advantage of 
distributing the steam throughout the length of each tube, and is con- 
ducive to uniform delivered air temperatures. The tendency for freezing 
of condensate at the bottom of the coil with cold entering air and light 
heating loads is also minimized. This is especially valuable for outside 
air preheaters. Methods of air and condensate elimination are discussed 
in detail in Chapters 14, 15 and 22. 

Water Coils 

The performance of water coils, for heating or cooling, depends on the 
elimination of air from the system and proper distribution of water. Air 
elimination is taken care of in the system piping as described in Chapter 
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16. To assure a pressure drop sufficient for adequate distribution but at 
the same time to provide against excessive pumping head where large 
water quantities are handled, water coils are provided with various water 
circuit arrangements. For instance, a typical coil 18 tubes high and 6 
tubes deep in the direction of air flow can be arranged for 6, 9, 18 or 36 
parallel water circuits as conditions may require. Orifices in individual 
tubes are occasionally employed but are usually unnecessary as the 
resistance of individual water circuits is generally sufficient to effect a 
satisfactory distribution. In cases such as well water precooling coils, 
where there may be considerable sand and other foreign matter in the 
water, provision for cleaning of individual tubes is of advantage. It is 
important to arrange water coils for drainage if located where they will be 


Water outlet | 



Fig. 2. Various Water Circuit Arrangements 


exposed to freezing. For this reason the circuits should be so laid out that 
there are no pockets to hold water. Fig. 2 shows such construction. The 
drains may be provided in the water piping although they are often 
arranged in the coil headers. 

Direct-Expansion Coils 

Coils for volatile refrigerants present more complex problems of fluid 
distribution than do water, brine or steam. It is desirable that the coil 
be effectively and uniformly cooled throughout, and necessary that the 
compressor be protected from entrained, unevaporated refrigerant. There 
are two types; namely, flooded systems, and thermal expansion valve 
systems, as shown in Figs. 3 and 4. With flooded control the coils are 
supplied with liquid by the same type of circulation that exists in a water 
tube boiler, while the level in the surge drum is maintained by the action 
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of the float regulator, or by properly charging the plant in the case of the 
high pressure float drainer. The thermal expansion valve system depends 
upon the thermal valve automatically feeding just as much liquid to the 
coils as is required to maintain the superheat at the coil suction outlet 
within predetermined limits which vary from about 6 to 10 F. The 



Fig. 3. Direct-Expansion Coil with Fig. 4. Direct-Expansion Coil with 
Flooded System Thermal Valve System 


thermal valve arrangement is in common use for the type of coils covered 
by this chapter, while the flooded system is comparatively rare. 

With the flooded system the refrigerant distribution through the tubes 
depends on properly selecting the length of the feeds and the head of 
liquid imposed upon the liquid inlets. No auxiliary distributing devices 




Fig. 5. Types of RefiUgerant Feed Distributing Heads 

are required. With the thermal valve system there are two factors to 
consider. There must be, generally, more than one refrigerant feed 
through the coil per thermal valve to keep the pressure drop through the 
refrigerant circuit within practical limits and to reduce the corresponding 
penalty in increased evaporating temperature. At the same time the 
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coil must be so arranged that the required suction superheat can be 
attained with a minimum sacrifice in the performance of the coil as a 
whole. It is general practice to attain this superheat within the coil 
itself and not by the use of external heat exchangers or other auxiliary 
devices. 

With thermal expansion valves it is advantageous to keep the pressure 
drop through the refrigerant feeds as low as possible. The feeds are laid 
out to expose each to the same mean temperature difference so that it 
handles the same refrigerating load. A distributing means is imposed 
between valve and coil liquid inlets to divide the refrigerant equally 
among the feeds. Such a distributor shall be effective for distributing 
both liquid and vapor, since the entering refrigerant is a mixture of the 



Fig. 6. Arrangement for Fig. 7. Arrangement for 
Face Control Depth Control 


two. Fig. 5 shows three typical types of distributors. In distributor A 
the liquid and gas mixture from the thermal valve is led tangentially into 
a chamber. The coil feed connections extend outward radially at the top 
of this chamber. In distributor B the refrigerant is discharged at a high 
velocity through a central jet against the end plate, forming a uniform 
mixture of gas and liquid within the distributor, from which individual 
connections are led as shown. In type C the refrigerant enters at high 
velocity from the thermal valve and is discharged against the end plug 
in which the individual liquid feeds are closely arranged. These distribu- 
tors can be used in either vertical or horizontal position. Although there 
are other forms of distributors those mentioned are typical examples. 
The individual liquid connections from the distributor to the coil inlet are 
commonly made of small diameter tubing and are all of the same length 
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and diameter in order to impose the same friction between the distributor 
and the coil. Since the thermal valves act in response to the superheat 
at the coil outlet, this superheat should be produced with the least pos- 
sible sacrifice of active evaporating surface. Sometimes a single thermal 
valve is used per coil. In other cases multiple valves are used, with the 
coil divided across the air flow or parallel to the air flow as shown in Fig. 6. 
The arrangement of Fig. 7 should be avoided since it offers the disad- 
vantage of unequal load on the two parallel circuits. 


Flow Arrangement 

The relative direction of flow of the air outside the tubes and the 
medium within them influences the performance of the surface. There 
are three types of relative flow in common use. Fig. 8A shows parallel- 
flow in which the air and the medium in the tubes proceed through the 
coil in the same direction. Fig. 8B shows counter-flow in which the 



Fig. 8. Flow of Media in Tubes in Relation to Air Flow 


medium in the tubes proceeds in a direction opposite to the flow of air. 
Fig. 8C shows cross-flow in which the aSr and the medium in the tubes 
pass at right angles to each other. Parallel flow is seldom used for the 
reason that a lesser mean temperature difference results than with counter- 
flow. The counter-flow arrangement is almost universally used in brine 
or water coils to take advantage of the highest possible mean temperature 
difference for given entering water and air temperatures. It is also 
invariably used in coils fed with volatile refrigerant to take advantage of 
the higher air temperature for superheating the leaving gas. This 
arrangement assists complete evaporation and superheating of the re- 
frigerant which is essential to proper operation of the thermal expansion 
valve. Cross-flow is common in steam heating coils, the temperature 
mthin the tubes being substantially uniform and the mean temperature 
difference the same whatever the direction of flow, relative to the air. 
Cross-flow is to be avoided in coils with volatile refrigerants on account 
of unequal loading of parallel circuits and danger of short circuiting of 
liquid refrigerant which will disturb proper functioning of the thermal 
expansion valve. 
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Applications 

Heating coils in field assembled banks are used for a number of pur- 
poses as described in Chapter 21. They may be arranged with the air 
flow vertical or horizontal, although the latter is more common. For 
steam heating the coils may be set with the tubes vertical or horizontal. 
In the latter case the coil should be sloped to provide for condensate 
drainage. Because of the multi-circuit feed arrangement and the neces- 
sity for avoiding air and water pockets, water heating coils are generally 
arranged with the tubes horizontal. Certain precautions must be taken 
against freezing. Where steam coils are used with entering air below 
freezing temperature, throttling the steam supply may result in freezing 
the condensate in the bottom of the coil if the tubes are of the variety not 
provided with internal distributing pipes, or an equivalent arrangement. 



If these are used, there is little danger of freezing the condensate as long 
as the leaving air temperature is not allowed to fall below about 40 F. 
As an added precaution with both steam and water coils the outside air 
inlet dampers are often closed automatically when the fan is stopped to 
avoid trouble caused by very cold outside air drifting in during off periods. 

A typical arrangement of water cooling coils is shown in Fig. 9. ^ Some 
means should be provided to filter all the entering air to keep dirt and 
foreign matter from accumulating on the coils. The assembly is provided 
with a drip-pan to catch the condensate during summer dehumidifying 
duty and to collect the non-evaporated water from the humidifying sprays 
in winter. The drip connection should be made ample in size and liberally 
provided with plugged tees and crosses for cleaning. It should not be 
exposed to freezing temperatures in winter if the apparatus is used on 
winter humidifying duty. Access doors should be provided for servicing 
filters, humidifying nozzles, and fan bearings and for cleaning the coils. 
With certain designs of coils when used for dehumidifying, eliminators must 
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be used beyond the coil to catch any water which may be blown into the air 
stream. It is customary to include these eliminators when the air velocity 
exceeds about 450 fpm with the individual fins and about 600 fpm for the 
continuous flat fin type. Where a number of coil sections are stacked one 
upon another, and where the velocities are low, so that eliminators need 
not be used, occasional trouble results when water splashes down from 
one coil to the next and blows out into the air stream. In such cases drip 
troughs as shown in Fig. 10 are used to collect this water and conduct 
it to the condensate pan. 

Sometimes finned surface coils on summer cooling and dehumidifying 
duty are provided with water sprays. These sprays are of two types. 
In the first type a set of spray nozzles is arranged for intermittent cleaning. 
The operator can wash the coils off as frequently as necessary. These 



Fig. 10. Coil Arranged with Fig. 11. Recirculating Spray System 

Drip Trough for Cleaning Coils 

sprays are not operative when the system is in use and no recirculating 
pump is provided. The second arrangement requires a collecting tank 
and a recirculating pump. The water is in circulation whenever the 
apparatus is in operation, and assists in keeping the coil clean and in 
absorbing odors. Fig. 11 illustrates such an arrangement. Wherever 
air by-passes are used around a coil on summer duty for control purposes, 
it is of advantage to direct only return air through the by-pass rather than 
a mixture of return and outside air. The casing should be arranged 
accordingly. To maintain the air quantity handled by the fan reasonably 
constant, and to assure the required design quantity of by-passed air 
when the by-pass damper is open, cooling coil banks are frequently 
furnished with both face and by-pass dampers as shown in Fig. 9. 

Although both heating and cooling coils are made of sufficient strength 
to take up expansion and contraction arising within themselves, care 
should be taken to avoid imposing strains from the piping on to the coil 
connections. (See Chapters 15 and 16.) 


502 






CHAPTER 26. HEAT TRANSFER SURFACE COILS 


HEAT TRANSFER AND AIR FLOW RESISTANCE 

The transfer of heat between the heating or cooling medium and the 
air stream is influenced by several variables : 

1. The temperature difference. 

2. The design and surface arrangement of the coil. 

3. The velocity and character of the air stream. 

4. The velocity and character of the medium in the tubes. 

The driving force is usually taken as the logarithmic mean temperature 
difference for heating or cooling without dehumidification. For combined 
cooling and dehumidification, a special measure of the propelling force is 
used as described later. Logarithmic differences are generally employed 
in practice although there are special flow relationships used, such as 
cross-flow, where they do not strictly apply. With volatile refrigerants 
there is often an appreciable pressure drop and corresponding change in 
evaporating temperature through the refrigerant circuit. The problem 
is further complicated by the fact that the refrigerant is evaporating 
in part of the circuit and superheating in the remainder. In spite of this, 
heat transfers and ratings for coils using volatile refrigerants are usually 
based in practice on a refrigerant temperature corresponding to the 
average pressure in the coil. 

The design and surface arrangement of the coil includes such items as 
materials, type, thickness, height and spacing of the fins, and the ratio 
of this surface to that of the tube, the use of the staggered or in-line tube 
arrangement, and provisions to increase the air turbulence such as the 
use of corrugated as against flat fins. Staggered tubes increase the total 
heat transfer as against the in-line arrangement and corrugated fins are 
more effective than flat. Of especial importance is the bond between fin 
and tube. 

The velocity of the air usually considered is the coil face velocity.' 
This bears a varied relation to the actual velocity over the surface, de- 
pending upon the individual coil design. As long as a fixed design of coil 
is under consideration face velocities may be used, but they may be 
unsatisfactory in comparing different designs, as it is the actual surface 
velocity that is significant. The air volume is often based on standard 
air at 70 F and a barometric pressure of 29.92 in. Hg. The use of air 
volume in coil rating information may be misleading. The significant 
value is mass velocity in pounds per minute and not cubic feet per minute, 
because for a fixed volume the corresponding weight may vary widely, 
depending upon the temperature and barometric pressure under con- 
sideration. 

At the same mass air velocity, varying performance can be obtained 
depending upon the turbulence of the air flow into the coil and upon the 
uniformity of distribution of air over the coil face. The latter is very im- 
portant in obtaining reliable test ratings and in realizing rated perforinance 
in practical installations. The resistance through the coils will assist in 
properly distributing the air, but where the inlet duct connections are 
brought in at sharp angles to the coil face, the effect is frequently bad 
and there may. even be reverse air currents through the coils. This 
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reduces the capacity, but can be largely avoided by proper layout or by 
the use of directing baffles. 

The heat transfer depends also upon the velocity, of the medium in the 
tubes and upon its character, whether flowing water, condensing steam or 
evaporating volatile refrigerant. Heat transfer rates expressed as Btu 
per square foot of internal surface per degree logarithmic mean effective 
temperature difference between the fluid and tube wall are, for example, 
about 150 to 300 for evaporating dichlorodifluoromethane, about 350 to 
1200 for water at 2 and 6 fps and about 1200 for condensing steam. The 
influence of the medium in the tubes on the overall heat transfer rate is, 
therefore, apparent. 

Because of these variables, reliable rating and performance information 
for any design of coil must be based on actual tests on that coil under the 
expected conditions of operation. A comparison between the perfor- 
mance of two designs, unless based on such tests on each, may lead to 
entirely erroneous conclusions. 

PERFORMANCE OF HEATING AND COOLING COILS 

Heating and cooling coils are essentially heat exchangers and as such 
their performance depends in general upon: 

1. The overall coefficient of heat transfer from the fluid within the coil to the air it 
heats or cools. 

2. The mean temperature difference between the fluid within the coil and the air 
flowing over the coil. 

3. The physical dimensions of the coil. 

Thus, for any one definite operating condition, the heating or cooling 
capacity of a given coil is expressed by the following basic formula: 

Q = Z7 X MTD X A ’ (1) 

where 

Q = total heat transferred by the coil, Btu per hour. 

U = overall coefficient of heat transfer, Btu per hour per square foot of external 
coil surface per degree Fahrenheit temperature difference between the 
fluid within the coil and the air flowing over the coil. 

MTD = mean temperature difference, degrees Fahrenheit between the fluid 
within .the coil and the air passing over it. (This is commonly taken as 
the logarithmic mean temperature difference.) 

A = external surface area of the given coil, square feet. 

The performances of heating and cooling coils are influenced by the 
same factors in all but one very important exception, that is, when 
cooling coils operate wet or act as dehumidifying coils. For this reason, 
in the later discussion, heating and dry cooling coils are treated as one 
group and dehumidifying coils as another. 

OVERALL COEFFICIENT OF HEAT TRANSFER 

Of all factors affecting the performance of heating or cooling coils, the 
overall coefficient of heat transfer is the most difficult to determine as it 
is influenced by several factors which depend upon coil design and con- 
ditions of operation. 
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Considering any coil, whether of bare pipe or of finned type, the overall 
heat transfer coefficient for a given size and design of coil can always be 
considered as a combined effect of three individual heat transfer coef- 
ficients, namely: 

1. The film coefficient of heat transfer between air and the external surface of the 
coil, usually given in Btu per hour per square foot external surface per degree Fahrenheit 
mean temperature difference. 

2. The coefficient of heat transfer through the coil material — tube wall, fins, ribs, etc. 

3. The filrn coefficient of heat transfer between the internal surface of the coil and 
the fluid flowing within the coil, usually given in Btu per hour per square foot internal 
surface per degree Fahrenheit mean temperature difference. 


These three individual coefficients acting in series result in an overall 
coefficient of heat transfer in accordance with the basic laws. For a bare 
pipe coil the overall coefficient of heat transfer, whether for heating or for 
cooling (dry), can be expressed by a simplified basic formula as follows: 

^ ^ , -ST . 1 (2) 

T +-T 

where 

U = overall coefficient of heat transfer, Btu per hour per square foot external surface 
per degree Fahrenheit mean temperature difference between air and fluid within 
the coil. 

/r = film coefficient of heat transfer between the internal surface of the coil and the 
fluid flowing within the coil, Btu per hour per square foot internal surface per 
degree Fahrenheit mean temperature difference between that surface and the 
average fluid temperature. 

/a = film coefficient of heat transfer between air and the external surface of the coil, 
Btu per hour per square foot external surface per degree Fahrenheit mean 
temperature difference between the mass of air and the external surface. 

k = conductivity of material from which the bare pipe is constructed, Btu per hour 
per square foot per degree Fahrenheit per inch thickness. 

X - thickness of tube wall, inches. 

R = ratio between external and internal surface of the bare tube, usually varying 
from 1.03 to 1.15 for the tube used in typical heating or cooling coils.^ This 
ratio R is inserted in the formula in order to place internal fluid coefficient of 
heat transfer on the basis of external surface. 


Frequently, when pipe or tube walls are thin and of material having high conductivity 
(as is the case in construction of typical heating and cooling coils) the term X in Equation 
2 becomes negligible and is generally disregarded. (The effect of the term X in'’t 3 ^ical 
bare pipe heating or cooling coils seldom exceeds 1 to 2 per cent of the overall coefficient). 
Thus, in its simplest form, for bare pipe: 



For finned coils the formula^ for the overall coefficient of heat transfer 
can be conveniently written : 

/r 2/a 


^Rational Development and Rating of Extended Air Cooling Surface, by H. B. Pownall {Refrigerating 
Engineering, October, 1935, p 211). 
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in which the term s, called the fin efficiency ^ is introduced to allow for the 
resistance to heat flow encountered in the fins. 

The term R, in this case, is the ratio of total external surface to internal 
surface. For typical designs of finned coils for heating or cooling, this 
ratio varies from 10 to 30. Term R is again introduced to place the 
internal surface coefficient of heat transfer on a basis of external surface. 
In the discussions which follow, coefficients and s/a will be considered 
separately, and also various ways of combining them will be outlined. 

External Film Coeificient 

While formulae have been developed expressing the film coefficient 
/a for air passing parallel to a plane surface, they cannot be used directly 
for fins on tubes because of air turbulence and because of the temperature 
gradient prevalent from the edge of a fin to its center. It is therefore 
necessary to make tests to evaluate the combined term s/a. The term, 
s/a, will be written merely /a in this discussion as there is no necessity for 
separately evaluating s and because values of /a are usually applied only 
to the particular coils for which tests are made. 

Transfer of heat from a fluid to a solid is accomplished by the con- 
tacting of the molecules of the fluid with the solid. When a molecule 
strikes a solid, its energy level equalizes with the energy level of the solid. 
The total amount of hept exchanged between the molecules of a fluid and 
a solid is determined by the number of contacts per unit of surface per 
unit of time, and by the energy change of the fluid.® The energy change, 
in the case of air, is measured by the temperature change times the specific 
heat of the air. The number of contacts is measured by a percentage of 
the weight of air flowing per unit of time. 

In the case where water vapor is mixed with air, and the water vapor 
is cooled but not condensed, the amount of heat transferred is increased 
by the energy change of the vapor particles. The additional energy is 
measured by the temperature change, by the specific heat of the water 
vapor, and by the weight of vapor contacting the surface per unit of time. 
In a mixture of air and vapor there is a definite ratio between the weight 
of the vapor and of the air per cubic foot of the mixture. Therefore, as 
the temperature of the mixture is lowered, the amount of heat lost by 
the vapor always bears a definite ratio to the amount of heat lost by the 
air. The amount of energy involved in the temperature change of the 
vapor is small, however, and it is usually included with that of the air by 
using a value of 0.245 for the specific heat of humid air. 

Dehumidification of air by a cooling coil occurs whenever the surface 
temperature of the fins and tubes is below the dew-point temperature of 
the air. Enough molecules of water vapor are condensed on the coil to 
create a state of equilibrium between the vapor pressure of the moisture 
on the coil surface and the vapor pressure of the moisture in that part 
of the air stream which is in immediate contact with the coil surface. 
Because of the good contact between the condensed film of water and tie 
coil surface, the water film attains a temperature approaching that of the 
coil surface. Therefore, those particles of air which actually contact the 


^Graphical Method of Determining Finned Coil Capacities Described, by E. P. Wells (Heating, Piping 
and Air Conditioning, December, 1936, p. 665). 
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water film leave the film with a dew-point temperature equal to the outer 
surface film temperature. However, many air particles, with their 
attendant water vapor particles, never contact the coil surface, but are 
by-passed between the fins. These air particles have the same dew-point 
temperature when they leave the coil as they had when they entered, but 
after leaving the coil they mix with the air particles which did contact 
the surface, producing a mixture of air which has a dew-point tempera- 
ture that lies between the original dew-point temperature and the film 
surface temperature. This process explains why air seldom leaves a coil 
in a saturated condition. 

The foregoing contact-mixture concept of heat transfer has been found 
by several independent investigators to be consistent with experimental 
data. The concept has been used successfully in analyzing the per- 
formance of evaporative condensers, cooling towers, condensers and 
evaporators. A relation has been found between heat transfer and 
pressure drop of flowing fluids, by assuming that molecules of a fluid lose 
their momentum upon contact with a solid. ^ 

The fact that a coil starts to condense moisture when the surface tem- 
perature drops below the dew-point temperature of the entering air 
makes it possible to measure the surface temperature of a coil, an other- 
wise practically impossible task. After the surface temperature has been 
determined, it is possible to analyze completely the surface film coefficient 
of both the air side and refrigerant side of a coil. 

The air side coefficient, /a, of a dry coil of particular dimensions is an 
exponential function of the mass velocity of the air: 

Cw^ ( 5 ) 

where 


/a = film coefficient of heat transfer, Btu per hour per square foot external 
surface per degree Fahrenheit mean temperature difference between air 
and average surface temperature. 

w = air mass velocity, pounds per hour per square foot of coil face area. 

C and n = constants which depend upon air turbulence, the number of square feet 
of external surface per square foot of coil face area, and the depth of the 
coil. 


The difficulty of obtaining sufficient tests to evaluate the constants C 
and n for all conditions of coil design and operation makes it desirable to 
use Equation 6 for determining the air side coefficient: 

A 

/a = 0.245 X X 2.3 X logio (6) 

where 

0 245 = specific heat of humid air, Btu per pound per degree Fahrenheit. 

2.3 “ the constant which converts logarithms from base t to base 10. 
a = external surface area, square feet per square foot of coil face area. 

-E = coil efficiency, a decimal less than 1.0. 


This formula gives values of /a after tests have been made to evaluate 
■the coil efficiency. Equation 6 can be derived^ by combining the* basic 


*The Contact-Mixture Analogy Applied to Heat Transfer with Mixtures of Air and Water Vapor, by 
W. H. Carrier (A.S.M.E, Transactions, January, 1937, Vol. 59, No. 1, p. 49). 

4Loc. Cit. Note 2. 


507 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 

equations of heat transfer, mean temperature difference and coil efficiency : 


Qb — /a X fit X MEDq, 

(7) 

mtd^ = ^‘ 7,^ -.V 

(8) 

•2 — 7 7 (by definition) 

h — h 

(9) 

Qs = 0.245 Xw X (h - k) 

(10) 


where 

Qs “ sensible heat transferred, Btu per hour per square foot of coil face area. 
k = temperature of air entering coil, degrees Fahrenheit. 
t 2 = temperature of air leaving coil, degrees Fahrenheit. 
is = average temperature of coil external surface, degrees Fahrenheit. 

MTDq. = logarithmic mean temperature difference between air and coil surface. 

Coil Efficiency 

One method of expressing air-coil contact efficiency is the ratio between 
the weight of air that actually contacts the coil surface and the total 
weight of air passing through the coil. Due to the fact that the specific 
heat of air is fairly constant over a wide range of temperature, coil 
efficiency® can be expressed as equal to the number of degrees that the 
entire amount of air is cooled, divided by the number of degrees between 
the entering air temperature and the coil surface temperature. 

For a particular heat transfer surface, coil efficiency is only a function 
of the mass velocity of the air, which may be observed by equating 
Formulae 5 and 6 and combining all constants into D and u: 

This equation can be used in graphical form by plotting coil efficiency 
against mass velocity as shown in Fig. 12. The significance of coil 
efficiency can be visualized in Fig. 13, where the length of the line C-D, 
divided by the length of line C-Ej measures the coil efficiency. The 
relation between coil capacity and coil efficiency is given by: 

Q Ew {hi — h) (12) 

where 

hi ~ specific enthalpy of air entering coil, Btu per pound. 

hs = specific enthalpy of saturated air at surface temperature, Btu per pound. 

When no latent heat is being removed from air, the change in enthalpy 
is equal to the change in temperature times the specific heat, so Equation 
12 can be changed to: 

Q — Ew {h — ^s) 0.245 (13) 

Dehimiidiilcation of Air 

When moisture is being condensed on the coil surface Equation 12 can 
be used. If a coil has an efficiency of 0.8 (80 per cent) for the removal 

'When coil efficiency is used herein it is intended to express air-coil contact efficiency and does not 
express total performance efficiency. 
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of sensible heat, it will at the same time remove 80 per cent of the dif- 
ference in moisture content between the entering air and saturated air at 
the surface temperature. This is due to the fact that 80 per cent of the 
air particles contact the surface and attain a dew-point temperature equal 
to the surface temperature. This condition is expressed graphically 
in Fig. 13. 

This psychrometric chart is constructed so that equal increments along 
the horizontal axis represent equal changes in sensible heat content, and 



Fig. 12. Relation of Coil Efficiency to Mass VELoaTY 


equal increments along the vertical axis represent equal changes in latent 
heat content of air. Point A represents the condition of return or recircu- 
lated air, point B that of outside air, point C the mixture of two-thirds 
recirculated air and one- third outside air, and point E the average surface 
temperature. Point D, which represents the air leaving the coil, lies on a 
line which connects points C and jE, and its distance from point C is equal 
to the length of the line C-E times the coil efficiency. The ratio between 
the vertical distance from CtoD and the horizontal distance from C to D, 
expressed in heat units, is the ratio between latent heat and sensible heat 
removed. It can be shown by trigonometric relations that the slope of 
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the line C-D is a measure of the ratio of latent to total heat removed, and 
that any line parallel to C-P gives the same heat ratio. 

To enhance the practical usefulness of the psychrometric chart illus- 
trated in Fig. 13, a set of marked master slope lines is included. The 
value of this arrangement is easily illustrated by the graphical example 
shown. 

Example 1, To determine the required average effective external coil surface tem- 
perature. Given: (1) Air entering cooling coil at temperature of 83 F dry-bulb and 69 F 
wet-bulb. (2) Ratio of latent to total heat that must be removed from air is 35 per cent. 
Required: To find the average external coil surface temperature. 

Solution, (1) Draw through point iV, at the origin of the heat load ratio lines, a line 
N~0 with a slope of 35 per cent in accordance with scale 5. (2) Mark in the body of the 



Fig. 13. Psychrometric Chart Showing Straight-Line Method 
FOR Representing Coil Performance 


chart, point P representing the condition of air entering the cooling coil at 83 F dry-bulb 
and 69 F wet-bulb. (3) Through point P draw a line P-Q parallel to line N-O, (4) The 
line P-Q intersects the saturation curve at 51 F, which means that the effective external 
coil surface temperature must be maintained at 51 F in order to obtain the desired 35 per 
cent latent to total ratio of heat removal from the air passing over the given cooling coil. 

Inspection of Equation 12 reveals that the total capacity of a coil is 
dependent on the entering and leaving wet-bulb temperatures. The 
entering dry-bulb temperature is unimportant. 

The amount of latent heat of condensation of a coil can be calculated 
from: 

Qi = 1060 Ew (Wi - Ws) . (14) 

where 

Ql = latent heat removed, Btu per hour per square foot of coil face area. 

Wi = pounds of moisture per pound of dry air entering the' coil. 

W 2 — pounds of moisture per pound of dry air saturated at the average surface 
temperature. 

1060 = average value of latent heat of water vapor, Btu per pound of vapor 
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The amount of sensible heat removed can be obtained by subtracting 
the value of Qi from the value of Q in Equation 12. 

Equation 12 gives accurate results when it is used for coils having a 
small change of temperature of the fluid in the tubes, as for example with 
evaporating refrigerants and with water having a small temperature rise. 
In cases where water in the tubes has a large temperature rise, the 
effective surface temperature changes throughout the depth of the coil, 
and in extreme cases moisture may be condensed on only a portion of the 
coil. In such cases it is possible to estimate the wet and dry portions of 
the coil separately, using cut-and-try methods.® 


Internal Film Coefficient 


The internal film coefficient, /r, which appears in Equation 3, is evalu- 
ated in various ways, depending upon the nature of the fluid, and whether 
the fluid is changing state. 


When evaporating refrigerants are being used in tubes, the temperature 
of the fluid is fairly constant, being affected principally by pressure drop 
through the tubes, by superheat of the evaporated refrigerant, and by 
the presence of oil in solution. To obtain maximum coil capacity it is 
necessary to keep the pressure drop through the tubes at a minimum 
(M per square inch) , to keep the superheat as low as possible without 
carrying liquid back to the compressor, and to arrange for good separation 
and return of oil to the compressor. An additional important factor is 
the removal of gas so that the tube surface may be flooded with liquid as 
much as possible. The internal film coefficient is markedly increased 
by heavy heat loads, because the increased turbulence and gas velocity 
cause good contact of the liquid with the tubes. Values of /r usually lie 
between 150 and 450. For accurate rating of dehumidifying coils, .good 
results are obtainable by first determining the average external surface 
temperature as previously described, and then using the difference 
between the external film temperature and the refrigerant for evaluating 


/r in Equation 15. 


/r - 


Q 


(15) 


The term (^s — ^r) is commonly written Af. The usefulness of the fore- 
going equation is impaired by the fact that both/r and At must be evalu- 
ated experimentally. More direct results can be obtained by ignoring /r 
and determining the relatioii between At and total coil capacity: 

Ai = ig - fr = (16) 

where 

m and n = constants determined by tests. 


When water is used as a cooling medium in tubes, the rate of heat 
transfer is a function of water velocity, because this results in an increase 
in the number of contacts of the water molecules with the tube surface, 
per unit of time. Thus increased water velocity and reduced tube dia- 
meter cause increased heat transfer. Heat transfer is also greater at 


•Calctilation of Coil Surface Areas for Air Cooling and Dehumidification, by John McElgin and D. C. 
Wiley (A.S.H.V.E. Transactions, Vol. 46, 1940, p. 139). 
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higher temperatures of the water. The basic formula for the film 
coefficient of heat transfer for flow of water is as follows: 

/w= 1.5 (t - 100) (17) 

where 

/w * internal film coefficient of heat transfer, Btu per hour per square foot of 
internal tube surface per degree Fahrenheit. 

V — water velocity, feet per second. 

D = internal diameter of tube, inches. 
t — average water temperature, degrees Fahrenheit. 



Fig. 14. Determination of Surface Temperature 

In the case of finned tubes, values of /w may be lower than those 
obtained by use of Equation 17. Accurate results can be obtained by 
using Equation 15, if the logarithmic mean temperature difference between 
surface and water is used in place of Ai. 

When saturated steam is condensed in the tubes of coils, the film 
coefficient ft varies from 1000 to 2000, depending on freedom from air in 
the steam, and upon good drainage of the tubes. The coefficient is fairly 
constant for a particular coil, giving values of Lt that are directly propor- 
tional to Q, 

GRAPHICAL ANALYSIS OF COIL PERFORMANCE 

In testing coils, determination of surface temperatures is most im- 
portant. A convenient way of determining surface temperatures is 
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illustrated in Fig. 14, Test points A and B are made without varying 
the wet-bulb temperature of entering air, the air velocity, the refrigerant 
temperature, and the total capacity of the coil. Only the dry-bulb and 
dew-point temperatures of the entering air are varied. A straight line 
is drawn between points A and B, and is extended to the ordinate of zero 
moisture removal, giving point C which represents the moisture content 
of saturated air that corresponds to the surface temperature. Points 
B and E are similarly plotted, the only difference being that another 
total coil capacity and entering air wet-bulb temperature are chosen. 

The^ saturation temperatures of points C and F are then used in 
Equation 16, in conjunction with the test values of ^ and Q, so as to evalu- 
ate the constants m and n by solving two simultaneous equations. The 



Fig. 15. Typical Curves Showing Relation Between Total Capacity and 
Temperature Difference for Refrigerants 

resulting equation is plotted as shown in Fig. 15, or can be plotted as a 
straight line on logarithmic paper. 

Having determined the surface temperature, the test data can be used 
to evaluate coil efficiency, from the ratio (^i — fe ) -^ (^i “ fe). Then 
constants ^of Equation 11 can be evaluated and a group of curves con- 
structed as in Fig. 12. 

Use of Graphs for Predicting Performance 

Coil performance under any dehumidifying condition can be predicted 
as shown in the following example, using Figs. 12, 13 and 15. 

Example Given: Total heat to be removed, 18,000 Btu per hour per square foot of 
coil face area; ratio of latent to total heat, 35 per cent; dry-bulb temperature of air 
entering coil, 83 F; dew-point temperature of air entering coil, 65 F. Reguired: Coil 
depth, air velocity and refrigerant temperature. 

Solution. (1) Plot the entering air conditions at point C on Fig. 13. ^ (2) Draw line 
C-jE, parallel to the 35 per cent line N-0 of the index chart, and obtain the requir^ 
surface temperature, 55 F. (3) In Fig. 16, assume a coil depth of 4 rows, and obtain 
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At = 16 F. Subtracting 16 deg from 55 deg gives a required refrigerant temperature of 
39 F, (4) In Fig. 12, assume an air velocity of 2000 lb per hour and obtain a coil efficiency 
of 0.8. (5) Solving for Q in Equation 12, a capacity of 17,400 Btu per hour is obtained, 
which is not the required capacity. It is necessary to try a higher air velocity until a 
balanced condition is found at an air velocity of 2080 pounds per hour. (6) By assuming 
a coil depth of 6 rows and repeating the same procedure, another solution can be obtained 
at a refrigerant temperature of 43.5 F and an air velocity of 1760. 

The foregoing cut-and-try calculations can be eliminated by the use of 
the type of graph shown in Fig. 16 , which may be constructed as outlined 
herewith : 

1. The three axes of the nomogram on the left side of the chart are drawn in such a 
manner that the C axis represents the differences in total heat content between the air 
at wet-bulb temperature along B axis and air at wet-bulb temperature along A axis. 
Thus, the C axis represents the total heat (Btu per pound of air, sensible and latent) 
which could be removed from the air at some inlet wet -bulb temperature on B axis if 



the coil heat transfer efficiency were 100 per cent and the wet-bulb temperature of the 
air could be reduced to some average (effective) external coil temperature on A axis. 
For example if a straight line is drawn through 72 F wet-bulb temperature of entering air 
on axis B and the 55 F average effective coil (external surface) temperature on axis 
B, then this straight line will intersect the C axis at 12.6, which figure represents the 
difference in total heat content of air between 72 and 55 F wet-bulb temperature. 

^ 2. Next scale Q is drawn to cover the range of the likely practical loading for the 
given coil in Btu per hour per square foot coil face area. 

3. Lastly, the diagonal mass air velocity lines are drawn in at the intersection of 
various values on C asds and the corresponding values on the Q scale. The values on 
the Q scale corresponding to various values on C axis are obtained by multiplying the 
values on C axis by mass air velocity and coil efficiency. In this way the calculations 
required by Equation 12 are performed. 

4. Parallel to the Q scale is drawn the At scale, so that the difference between average 
surface temperature and refrigerant temperature can be read directly, eliminating the 
use of Equation 16. 
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For coils using water as a cooling medium, the chart shown in Fig. 17 
can be used for the purpose of eliminating calculations. Such a chart can 
emlDrace all sizes of coils of a particular design, but requires an index 
which gives the coil design factor for each size. The coil design factor is 
the number of square feet of internal tube surface of the entire coil. 
The curves shown in the lower right hand quarter of the chart perform 
the calculations of Equation 17, by using an average water temperature 
and the actual tube diameter. 

Performance of Coils and Refrigeration Compressor 

Practically all data published by various makers of direct expansion 
cooling coils are based upon maintaining a predetermined refrigerant 



temperature within the coils. While it is often possible to maintain a 
definite refrigerant temperature within a given cooling coil, for the greater 
part it is either impossible or impractical. This is due to the fact that 
the capacity of standard refrigeration compressors is usually fixed and^ in 
matching a given cooling coil with a standard compressor the capacity 
of the latter is often somewhat smaller or greater than that of the former. 
Consequently, very often the refrigerant temperature resulting within a 
cooling coil and correspondingly the capacity of the coil-compressor com- 
bination are not what they were originally calculated to be. 

In order to determine the actual performance of a given coil-compressor 
combination under varying conditions of operation, a graphical solution 
of the balance point is highly desirable. A typical method of graphical 
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analysis of a coil-compressor combination performance is shown in Fig. 18, 
which is constructed in a manner described herewith: 

1. On a piece of graph paper (with a uniform s^le), the equipment capacity scale, 
total Btu per hour, is laid out along the vertical axis while the refrigerant suction tem- 
perature scale is laid out along the horizontal axis. 

2. The performance curve of a given compressor with a^ definite condenser (com- 
bination usually called a condensing unit) is plotted as a function of suction temperature 
corresponding to the saturation suction pressure at the compressor suction service valve 
for a given inlet water temperature and quantity supplied to the condenser. 

3. The performance curve of the given cooling coil^ is next plotted as a function of 
mean suction temperature within the coil, the mass^air velocity over the coil and the 
wet-bulb temperature of air entering the coil. 

4. The refrigerant pressure drop between the center of the cooling coil and the com- 
pressor suction service valve is computed and converted into the terms of temperature- 



difference. This temperature difference is then fitted in horizontally between the 
performance curves of the cooling coil and the compressor, as shown, and the total 
capacity of the coil-compressor combination is read along the horizontal line upon which 
the above mentioned temperature-difference segment falls. 

COIL SELECTION 

In the selection of a coil it is necessary to consider several factors: 

1. The duty required — ^heating, cooling, dehumidifying. 

2. Temperature of entering air — dry-bulb only if there is no dehumidification, dry- 
and wet-bulb if moisture is to be removed. 

3. Available heating and cooling media. 

4. Space and dimensional limitations. 

5. Air quantity limitations. 

6. Allowable resistances in air circuit and through tubes. 

7. Peculiarities of individual designs of coils. 
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8. Individual installation requirements, such, for example, as type of automatic con- 
trol to be used. 

The duties required may be determined from information in Chapters 4, 
5, 6 and 7. There may or may not be a choice of cooling and heating 
media, as well as temperatures available, depending upon whether the 
installation is new or is in combination with present sources of heating or 
cooling. Space limitations are dictated by the requirements of individual 
cases. The air quantity is influenced by a number of considerations. The 
air quantity through heating coils is often made the same as that necessary 
to handle the summer cooling load. The air handled may be fixed by the 
use of old ventilating ducts as an air distribution system for new air 
conditioning apparatus, or may be dictated by requirements of satisfac- 
tory air distribution or ventilation. The resistance through the air 
circuit influences the fan horsepower and speed. This resistance may be< 
limited to allow the use of a given size of fan motor, or to keep the opera- 
ting expense low, or it may be limited by the maximum fan peripheral 
velocity which requirements of quietness may permit. The friction 
through the water or brine circuit may be dictated by the head available 
from a given size of pump and pump motor. As the fan and pump motor 
inputs represent a refrigerating load on cooling installations, it is eco- 
nomical to keep them low. 

Proper performance of a surface heating or cooling coil depends upon 
correct choice of the original equipment and upon certain other factors. 
The usual coil ratings are based on a uniform face velocity of air. If the 
air is brought in at odd angles or if the fan is located so as to block part of 
the air flow, the performance as given in the manufacturer's ratings 
cannot usually be obtained. To obtain this performance it is necessary 
also that the air quantity be adjusted on the job to that used in deter- 
mining the coil selection, and must also be kept at this value. The most 
common causes for a reduction of air quantity are the fouling of the filters 
and collection of dirt in the coils. These difficulties can be avoided by 
proper design and proper servicing. There are a number of ways in which 
coils may be cleaned. A common method is to wash them off with water. 
They can sometimes be brushed and cleaned with a vacuum cleaner. In 
bad cases of neglect, especially on restaurant jobs where grease and dirt 
have accumulated, it is sometimes necessary to remove the coils and wash 
off the accumulation with steam, compressed air and water, or hot water. 
The most satisfactory solution, however, is to keep the filters serviced, 
and thus make the cleaning of the coils unnecessary. 

The proper selection of coils requires an understanding of the necessities 
of each case and should be based on an economic analysis of the plant 
design as a whole. No general rule can, therefore, be laid down for the 
selection of heating or cooling coils. It is possible, however, to point out 
the limits of usual practice and to indicate the influence of the variables 
involved in the coil selection. 

Heating Coils 

Steam and hot water heating coils are usually rated within these limits : 

Air Face Velocity — 200 to 1200 fpm, sometimes up to 1500 fpm. 

Steam Pressure — 2 to 200 lb, sometimes up to 350 lb per square inch. 

Hot Water Temperature — 150 to 225 F. 

Water Velocity — 2 to 6 fps. 
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Individual cases may deviate widely, but the tabulation given herewith 
will serve as a guide to usual heating practice: 

Air Face Velocity — 500 to 800 fpm face, 500 being a common figure. 

Delivered Air Temperature — varies from about 72 F for ventilation only to about 
150 F for complete heating. 

Steam Pressure — 2 to 10 lb, 5 lb being common. 

Hot Water Temperature — 150 to 225 F. 

Water Velocity — 2 to 6 fps. 

Water Quantity — Based on about 20 F temperature drop through a hot-water coil. 

Air Resistance — ^The total resistance through heating coils is usually limited to from 

to 5^ in. of water gage for public buildings, to about 1 in. for factories. 

The selection of heating coils is relatively simple as it involves dry-bulb 
temperatures and sensible heat only, without the complication of simul- 
"taneous latent heat loads, as in cooling coils. For a given duty, entering 
air temperature, and steam pressure, it is possible to select several arrange- 
ments of the same design of coil depending upon the relative importance 
of space, cross-sectional area, and air resistance. 

Cooling Coils 

The usual range of ratings for cooling and dehumidifying coils is 
enumerated herewith : 

Entering Air Dry-Bulb — 60 to 100 F. 

Entering Air Wet-Bulb — 50 to 80 F. 

Air Face Velocities — 300 to 800 fpm, (sometimes as low as 200 and as high as 1200). 

Volatile Refrigerant Temperatures — ^25 to 55 F, at coil suction outlet. 

Water Temperatures — 40 to 65 F. 

Water Quantities — 2 to 6 gpm per ton, or equivalent to a water temperature range of 
from 4 to 12 F. 

Water Velocity — 2 to 6 fps. 

The ratio of total to sensible heat removed varies in practice from 1.00 
to about 1.65, i.e., sensible heat is from 60 to 100 per cent of total, 
depending on the application. (See Chapter 21.) Required ratios may 
demand wide variations in air velocities, refrigerant temperatures, and 
coil depth, so that general rules as to tiiese values may be misleading. 
On usual comfort installations air face velocities between 400 and 600 fpm 
are frequent, 500 being a common value. Refrigerant temperatures will 
ordinarily vary between 40 and 50 F where cooling is accompanied with 
dehumidification. Water velocities will range from 2 to about 6 fps. 

When no dehumidification is desired, for which condition the dew-point 
of the entering air will be equal to or lower than the cooling coil tempera- 
ture, the coil selection is made on the basis of dry-bulb temperatures and 
sensible heat transfers only, the same as with heating coils. It is possible 
also to choose various arrangements of face area, depth, air velocity, etc., 
for the same duty. 

Dehumidifying Coils 

The^ selection of coils for combined cooling and dehumidifying duty is 
more involved than for heating or sensible cooling and requires con- 
sideration of both dry- and wet-bulb air temperatures. It is further 
complicated by the fact that the proportional amount of dehumidification 
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Table 1. Various Cooling Coil Arrangements 


Selection 

1 

2 

3 

4 

Total cooling capacity, tons.. 

100 

100 

100 

100 

Sensible cooling capacity, tons.-. 

69 

69 

69 

69 

Latent cooling capacity, tons 

31 

31 

31 

31 

Ratio total to sensible heat. 

1.45 

1.45 

1.45 

1.45 

Air quantity, cfm.. 

47,800 

41,700 

37,100 

46,800 

Cfm per total ton 

478 

417 

371 

468 

Face velocity, fpm 

325 

423 

500 

600 

Resistance, in. water 

0.11 

0.27 

0.51 

0.37 

Coil face area, sq ft.. 

147 

99.0 

74.2 

78.1 

Coil rows deep 

4 

6 

8 

4 

Coil evaporator temp, deg F 

45 

45 

45 

38 


required is also highly variable. The methods outlined previously under 
Heat Transfer and Resistance may be used to determine whether it is 
possible for a coil to perform the duty required. If entering and leaving 
air conditions are arbitrarily specified, the corresponding duty sometimes 
cannot be obtained at all without the use of reheat. As with heating and 
sensible cooling coils, there are combinations of face areas, depth, air 
velocity and refrigerant temperatures which will give the required per- 
formance. This is illustrated in Table 1. 

It is possible as shown in Table 1 to perform approximately the same 
duty at a given refrigerant temperature with small face area and large 
thickness or vice versa. The large face area coil will give low air velocity 
and resistance but high air quantities per ton. The coil of small face area 
and great depth will require small air quantities per ton of refrigeration, 
high resistance and high air velocities. As shown also in Table 1 the same 
sensible, latent and total cooling capacity may be obtained with various 
refrigerant temperatures by proper choice of coil. This makes it possible 
to keep the evaporating temperature high enough to carry the load with a 
chosen size of condensing unit. High evaporating temperatures with 
correspondingly small compressor operating expense can be attained but 
at the expense of coil surface, air quantity or both. The choice will be 
determined by the necessities of individual installations. 

For a given quantity and condition of entering air the evaporating 
temperature of a volatile refrigerant coil will be determined by a balance 
between the condensing unit and the coil. The total, sensible and latent 
cooling capacity can then be determined from the coil rating information. 


Table 2. Capacity Balances for Maximum and Minimum Load Conditions 


Conditions 

Capacity in Tons 

Sensible 


Total 

Sensible 

Latent 

Required at peak load conditions 

10.90 

7.90 

3.00 

1.38 

Required at minimum load conditions 

6.62 

3.36 

3,26 

1.98 

Peak load equipment balance 

Same equipment: balanced at minimum load 

10.90 

7.90 

3,00 

1.38 

conditions 

Same equipment balanced at maximum load 

9.85 

6,58 

3,26 

1.50 

conditions with 40 per cent by-pass 

Same equipment balanced at minimum load 

8.38 

5.05 

3.33 

1.66 

conditions with 38,800 Btu per hour reheat 

6.62 

3.36 

3.26 

1.98 
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If the condensing unit and cooling coil have been properly balanced for 
the required load and, due to miscalculated duct resistance or improper 
choice of fan speed, the air quantity is reduced, the total cooling capacity 
will also be reduced. The decrease is generally in the sensible capacity. 
This is the effect also when the air by-pass or volume control is used. 

It is necessary that not only the total capacity but also the sensible and 
latent cooling requirements both be met. The installation of an excess of 
coil will result in an increase in total capacity, but not a proportional gain 
in latent heat capacity. On installations controlled from dry-bulb tem- 
perature the operating time will be shortened because of the added sen- 
sible cooling capacity. The result will be less moisture pick-up than 
calculated, and higher relative humidity. If an oversize condensing unit 
is installed the opposite situation will take place. The relative humidity 
will be lower than estimated. This is not generally a disadvantage except 
that it results in a greater load from outside air than calculated, as well as 
in increased power consumption. If oversize equipment is furnished, a 
balance should be made to assure that the ratio of total to sensible capa- 
city is the same as in the estimated load. 

Sometimes arbitrary air quantities are specified for ventilation or other 
reasons independent of the selection of the cooling coil. As shown in 
Table 1, the coil selection can be altered to take care of various air 
quantities for the same duty. 

Where^coil and condensing unit are selected for the peak load condition, 
and the sensible load partially disappears due to fall of outside tempera- 
ture or other cause, the condensing unit and coil rebalance. This may 
result in more sensible capacity than required at the light load condition 
and less latent in proportion, with an increased relative humidity in the 
conditioned space. Such a condition is shown in Table 2. If approxi- 
mately 40 per cent of the total air is by-passed, the condition will be 
improved as indicated. The situation could be entirely avoided by using 
reheat, where it is possible to handle any ratio of sensible and latent 
loads and maintain the design temperature and humidity^. 

Care should be taken to avoid freezing at light loads. In general, 
freezing occurs when the coil surface temperature falls to 32 F. With 
usual coils for comfort installations, this will not occur unless the evapo- 
rating temperature at the coil outlet is about 20 to 25 F. The exact value 
depends on the design of coil and the amount of loading. Although it is 
not customary to choose coil and condensing units to balance at low tem- 
peratures at peak loads, there is danger of this occurring when the load 
decreases. This is further aggravated if a by-pass is used so that less air 
is passed through the coil at light loads. It may be even worse if the 
control is arranged for decrease of inside temperature with fall of that 
outside. Freezing can be avoided by making the full load balance a high 
evaporating temperature and checking the balance at the minimum load. 

Care should be exercised in the design of humidity control to minimize 
the cycling of the refrigerating compressor because of re-evaporation 
of moisture from the fins. It is sometimes necessary to by-pass air 
around a coil when the compressor is not operating. 


’Reheating by Means of Refrigerant Compressor Discharge Gas, by S. F. NicoU (A.S.H.V.E. Trans- 
actions, Vol. 47. 1941, p. 239) 
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Sprai^ (^e^uipmeni 


Air Washers, Humidification with Air Washer, Apparatus for 
Direct Humidification, Air Dehumidification with Washers, 

Water Main Temperatures, Atmospheric Water Cooling 
Equipment, Design Wet -bulb Temperatures for Water 
Cooling, Cooling Ponds, Winter Freezing 

A ir humidification is effected by the vaporization of water and always 
requires heat from some source. This heat may be added to the 
water prior to the time vaporization occurs or it may be secured by a 
transformation of sensible heat of the air being humidified to latent heat 
as the vapor is added to the air. The thermodynamics of the process are 
discussed in Chapter 1. The removal of moisture from air may or may 
not involve the removal of heat from the air- vapor mixture. With spray 
equipment dehumidification of air always necessitates the removal of heat. 

AIR WASHERS 

Air washers may be used as either humidifiers or dehumidifiers de- 
pending upon the method of operation and the temperature of the spray 
water. The functions of an air washer are to regulate the moisture and 
heat content of air passing through it and to remove dust and dirt from 
the air. Air washers are not as effective as air filters in the removal of 
dust and dirt. 

The construction of commercial air washers is indicated in Figs. 1 and 
2. Any air washer consists essentially of a chamber through which the air 
passes in intimate contact with water. The lower portion of the washer 
chamber serves as a sump for the spray water. 

Contact between the air and the washer water is secured: (1) by 
breaking the water into a very fine mist, (2) by passing the air over 
surfaces which are continuously wetted by water, or (3) by a combination 
of water sprays and wetted plates. Scrubber-plate types of washers are 
used largely to wash heavy reclaimable products from the air, and are 
generally composed of one to three eliminator-type baffle scrubber plates 
across the air stream. Water is supplied at the tops of the scrubber plates 
by flooding nozzles placed across the top of the washer. Spray washers 
have one or more banks of water atomizing nozzles placed in the air 
stream above the level of the water in the sump. The direction of the 
water sprays may be against the air stream, yrith the air stream, or with 
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one bank spraying with the air stream and one against it. The number of 
nozzles required depends upon their design, the quantity of air handled, 
and the arrangement of the nozzles. 

Scrubbers generally consist of eliminator-type baffle plates placed in 
the air stream to cause several reversals of the direction of air flow. The 
scrubber plates are more effective as air cleaners than as humidifiers. All 
washer chambers should ‘have inlet diffuser plates to aid in producing 
more uniform air flow through the washer spray chamber. These inlet 
vanes also aid in preventing spray water from being thrown into the air 
duct ahead of the washer. However, if the water spray is against the air 
flow, the ordinary perforated diffuser plate is not sufficient, and specially 
designed eliminator baffles must be used to prevent spray from passing 



Fig. 1. Typical Single Bank Air Washer Fig, 2. Typical Two Bank Air Washer 


into the air inlet duct. At the outlet end of the washer suitable flooded 
eliminator plates, which will cause from 4 to 6 reversals of the direction 
of air flow, should be installed for the purpose of removing drops of 
unvaporized water from the leaving air. When the air carries certain 
substances mixed with it, the spray water may become acidulated and 
special consideration must be given to the materials used, to reduce the 
corrosive action. 

Essential items in air washer operation are: uniform distribution of 
the air across the chamber section above the level of the water in the 
sump; moderate velocities of air flow, 300 to 600 fpm in the spray cham- 
ber; an adequate amount of spray water broken up into a fine mist 
throughout the air stream; sufficient length of air travel through the 
water spray and over thoroughly wetted surfaces; and the elimination of 
free moisture from the air as it leaves the unit. 
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Washers are sometimes arranged in two or more stages to cool through 
long ranges or to increase the overall efficiency of heat transfer between 
the air and the heating or cooling medium, A multi-stage washer is 
equivalent to a number of washers in a series arrangement. Each stage 
is in effect a separate washer. 

^ Usually the catalog capacity of a washer is expressed in cubic feet of 
air per minute and is based upon an air velocity of 500 fpm through the 
gross inlet area of the unit. At this rating spray type washers handle 
about 23 ^ gpm of water per bank per square foot of area, that is, about 
6 gprn per bank per 1000 cfm. These proportions of air, water, area, and 
velocity may be departed from to meet the needs of. some particular job, 
but certain limiting relationships should be observed. 

For a single stage air washer, a 15 F drop in dry-bulb temperature of 
the air passing through the washer is about the maximum that should be 
anticipated. For greater decrease in dry-bulb temperature, multi-stage 
washers should be utilized. A rise of 6 F should be the calculated maxi- 
mum for the spray water. 

The width and height of a washer may be dictated by space limitations 
outside the washer, such as headroom, or by the inside space requirements, 
such as face area needed by a bank of cooling coils. The length of a 
washer is determined by the number of spray banks, or scrubber plates, 
and if cooling coils are installed in the unit, by the number of banks of 
coils. Roughly, a spray space of about 2 ft 6 in. in length is required for 
each bank of sprays; leaving eliminators require about 1 ft 6 in., and 
entering eliminators about 1 ft. 

The resistance to air flow through an air washer varies with the type of 
eliminators, number of banks of sprays, direction of spray, air velocity, 
type of scrubber plates, and size eind type of cooling coils if located in the 
washer. Manufacturers should be consulted to obtain the resistance for 
a particular installation. 

HUMIDIFICATION WITH AIR WASHER 

Air humidification can be accomplished in three ways with an air 
washer. These are: (1) use of recirculated spray water without prior 
treatment of the air, (2) preheating the air and washing it with recircu- 
lated spray water, and (3) using heated spray water. In any air washing 
installation the air should not enter the washer with a dry-bulb tempera- 
ture less than 35 F in order to eliminate danger of freezing the spray water. 

Method L Except for the small amount of energy added from outside 
by the recirculating pump in the form of shaft work, and for the small 
amount of heat leak from outside into the apparatus, including the pump 
and its connecting piping, the process would be strictly adiabatic. 
Evaporation from the liquid spray would therefore be expected to bring 
the air immediately in contact with it to saturation adiabatically; and, 
since the liquid is recirculated, its temperature would be expected to 
adjust to the thermodynamic wet-bulb temperature of the entering air. 

It does not follow from the above reasoning that the whole air stream 
is brought to complete saturation, but merely that its state point should 
move along a line of constant thermodynamic wet-bulb temperature as 
explained in Chapter 1. The extent to which the final temperature 
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approaches the thermodynamic wet-bulb temperature of the entering air, 
or the extent to which complete saturation is approached is conveniently 
expressed by a ratio known as humidifying effectiveness or saturating 
effectiveness and is defined: 



where 

eh = humidifying effectiveness, per cent. 

ii = dry-bulb temperature of the entering air, degrees Fahrenheit. 

/a = dry-bulb temperature of the leaving air, degrees Fahrenheit. 

t' = thermodynamic' wet-bulb temperature of the entering air, degrees Fahrenheit. 

The humidifying or saturating effectiveness of a washer is dependent 
upon the number of spray banks and nozzles, the effectiveness of the 
nozzles in breaking an adequate quantity of water into a fine spray, the 
velocity of air flow through the water sprays, and the time of the contact 
of the air with the spray water. Other conditions being the same, low 
velocity of air flow is more conducive to higher humidifying effectiveness. 
The following may be taken as representative humidifying or saturating 
effectiveness of an air washer for the conditions stated : 


1 bank — downstream 60-70 per cent 

1 bank — upstream 65-75 per cent 

2 banks — downstream 85-90 per cent 

2 banks — 1 upstream and 1 downstream 90-95 per cent 

2 banks — upstream 90^95 per cent 


The air leaving the washer may require reheating to produce the 
required dry-bulb temperature and relative humidity. 

Method 2. The preheating of the air increases both the dry- and wet- 
bulb temperatures, lowers the relative humidity, but does not alter the 
humidity ratio (pound water vapor per pound dry air). At a higher wet- 
bulb temperature but the same humidity ratio, more water can be absorbed 
per pound of dry air in passing through the washer, assuming that the 
humidifying effectiveness of the washer is not adversely affected by opera- 
tion at the higher wet-bulb temperature. The analysis of the process 
occurring in the washer itself is the same as that explained under Method 1 . 
The final desired conditions are secured by adjusting the amount of pre- 
heating to give the required wet-bulb temperature at entrance to the 
washer and then reheating when necessary after passage through the 
washer. 

Method S. Even if heat is added to the spray water, the mixing occur- 
ring in the w^her itself may still be regarded as adiabatic. The state 
point of the mixture should move in a direction determined by the specific 
enthalpy of the heated spray as explained in Chapter 1. By sufficiently 
elevating the spray water temperature it should be possible to completely 
saturate the air and even raise its temperature above the dry-bulb tem- 
perature of the entering air. 

APPARATUS FOR DIRECT HUMIDIFICATION 

Humidifiers may be divided into the following general types, according 
to the method of operation: (1) indirect, such as the air washer, which 
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introduces moistened air; and (2) direct, which sprays moisture into 
the room or introduces moisture by means of steam jets. 

As in the cases of humidification by use of an air washer, the heat 
necessary for the vaporization of the moisture added to the air by direct 
humidification is secured either from heat stored in the spray water or by 
a transformation of sensible to latent heat in the air humidified. In the 
latter case the enthalpy of the air remains constant but the dry-bulb 
temperature of the air is reduced. 

Direct humidification is usually preferable where high relative humidi- 
ties must be maintained, but where there is little cooling or ventilation 
required. In comfort air conditioning, where both humidification and 
ventilation are required, the indirect humidifier is preferable. In indus- 
trial applications, where the cooling or ventilation load is large and where 
very high relative humidities must be maintained, a combined system 
employing both direct and indirect humidifiers is sometimes used. 

Spray Generation 

Spray generation is obtained by (1) atomization, (2) impact, (3) 
hydraulic separation, and (4) mechanical separation. 

Atomization involves the use of a compressed air jet to reduce the water 
particles to a fine spray. With the impact method, a jet of water under 
pressure impinges directly on the end of a small round wire. Where 
hydraulic separation is employed, a jet of water enters a cylindrical 
chamber and escapes through an axial port with a rapid rotation which 
causes it immediately to separate in a fine cone-shaped spray. In the 
mechanical separation process, water is thrown by centrifugal force from 
the surface of a rapidly revolving disc and separates into particles suf- 
ficiently small to be utilized in certain types of mechanical humidifiers. 

Spray Distribution 

Spray distribution is obtained by (1) air jet, (2) induction, and (3) fan 
propulsion. 

The air jet which generates the spray in atomizers also carries the spray 
through a space sufficient for its distribution and evaporation, and this 
method of chstribution is termed air jet. Where distribution is obtained 
by induction, the aspirating effect of an impact or centrifugal spray jet is 
utilized to induce a current of air to flow through a duct or casing, and 
this air current distributes the spray. Fan propulsion obviously consists 
of the utilization of fans to entrain and distribute the spray. 

Industrial type direct humidifiers are commonly classified as (1) 
atomizing, (2) high-duty, (3) spray and (4) self-contained or centrifugal. 

Atomizing Humidifiers 

There are several types of atomizing humidifiers, all of which rely upon 
compressed air as the atomizing and distributing agency, similar to the 
familiar method used in ordinary nasal atomizers. Compressed air 
(ordinarily about 30 lb per square inch) is supplied from a centrally- 
located air compressor through pipe lines to the atomizing units. The air 
lines are usually horizontal and parallel to water lines which supply 
water by gravity from a float tank. The water in the tank is maintained 
at a constant level slightly lower than the outlets of the atomizers them- 
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selves and is drawn constantly to the atomizer by aspiration when com- 
pressed air is supplied. This aspiration ceases and the flow of water stops 
when the air supply is cut off. The water should not be supplied under 
pressure to atomizers because of the possibility of leakage, drip, or coarse 
spray. These cannot occur when water is supplied by aspiration. 

High-Duty Humidifiers 

Water is supplied to high-duty humidifiers under high pressure (usually 
about 150 lb per square inch) through pipe lines from a centrally-located 
pumping unit. The spray-generating nozzle which is of the impact type 
is located in a cylindrical casing. A drainage pan provides for the collec- 
tion and return of unevaporated water which flows through a return pipe 
to a filter tank, from which it is recirculated. A powerful air current is 
forced through the humidifier by means of a fan mounted above the unit. 

The air enters from above, is drawn through the head, charged with 
moisture, and cooled. It then escapes from the opening below at a high 
velocity in a complete and nearly horizontal circle. The spray is evapor- 
ated and the resulting vapor diffused. This distribution of fine spray oyer 
the maximum possible area promotes complete and rapid vaporization 
even at high humidities. 

Spray Humidifiers 

This type of humidifier consists of an impact spray nozzle in a cylin- 
drical casing with a drainage pan below it. The aspirating effect of the 
spray nozzle induces a moderate air current through the casing which 
distributes the entrained spray. The general method of circulating and 
returning the water is similar to that employed for high-duty humidifiers. 
A suitable pump and centrally-located filter tank are required. 

Self-Contained Humidifiers 

The self-contained or centrifugal humidifier has the ability to generate 
and distribute spray without the use of air compressors, pumps, or other 
auxiliaries. These may be used either singly or in groups. In large 
installations, where suitable connections are provided to permit the 
cleaning and servicing of individual units without affecting the room as a 
whole, group control of the water and power may be employed. 

Am DEHUMIDIFICATION WITH WASHERS 

Moisture removal from an air-vapor mixture can be accomplished by 
use of an air washer so long as the temperature of the spray medium is 
lower than the dew-point of the air passing through the unit. The final 
dry-bulb temperature and the relative humidity of the air leaving a 
dehumidifier washer are dependent upon: the air velocity, the length of 
air travel through the sprays, the dry- and wet-bulb temperatures of the 
entering air, the spray temperature, the number of spray banks and 
nozzles, the quantity of spray medium handled, and the effectiveness of 
the nozzles in breaking the spray into a fine mist. 

Both sensible and latent heat are removed in the process of dehumidi- 
fication by cooling.^ Abstraction of sensible heat occurs during the entire 
time that the air is in contact with the spray medium. Latent heat 
removal takes place as condensation occurs. Therefore, the lower the 
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Table 1. Average Maximum Water Main Temperatures® 


Stjltb 

Cett 

Temp. F 

Ala 

Birmingham 

84 


Mobile 

73 

Ariv.. 



81 


Tucson 

80 

Calif 

Anaheim 

60 


Berkeley- 

69 


Fresno— 

72 


Fullerton 

75 


Glendale. 

68 


Los Angeles 

75 


Oakland 

69 


Ontario 

70 


Pasadena 

82 


Pomona 

75 


Riverside 

78 


Sacramento 

72 


San Bernardino 

1 65 


San Diego — 

1 82 


San Francisco 

62 


Whittier 

75 

r'.nlo. ,, 1 

Denver 

75 

Conn. 

Bridgeport 

66 


Hartford 

73 


New Haven 

76 


Waterbury 

72 

D. C 

Washington,,., 

84 

Del 

Wilniin^.on 

83 

Fla. 

Jacksonville 

80 


Miami 

80 


Tampa 

77 

Ca. 

Atlanta 

87 


Macon 

80 

Ill 

ChiVfl^n .. 

76 


Cicero 

76 


Evanston 

73 


Peoria 

67 


Rockford 

59 


Springfield 

82 

Ind 

Fvansville 

86 



75 


Indianapolis 

80 


South Bend 

61 


Terre Haute. 

82 

Tnwa 

PpHar Rapids 

78 


Des Moines 

77 


Sioux City 

62 

Kans. 

Concordia ...... 

57 


Kansas City. 

86 


Topeka. 

88 


Wichita 

72 

TCy, 

Louisville 

85 

T.a. 

Ratnn Rniig^p 

85 


New Orleans 

85 

Me 

Ang^iata 

60 

Md 

Baltimore 

75 


State 

CiTT 

Temp. F 

Maas. 

Rnatnn 



Cambridge 



Fall Rivftr 

76 


Lowell 



T-ynn 

68 


New Bedford 

70 



68 


Woreeater, 

76 

Mich. 

Detroit. _ 

77 


Flint ... 

70 


Grand Rapida __ 

84 


Highland Park 

77 


Jarkaon _ 

56 


Kalamazoo 

53 


T.anaing 

64 


Saginaw 

82 

Minn. _ 

Dnlnth.. 

55 


Minnejipnlia 

80 


St. Paul 

77 

Mo 

Jefferson City.. 

82 


Kansas City — 

84 


St. Joseph . _ 

84 


St. T.onia 

85 


Springfield 

70 

Nebr 

UnroTn 



Omaha 

87 

Nav. 

Reno 

61 

N. H. 

Man cheater 

76 

N. J 

Jersey City 


Newark . 

’ 74 


Paterson 

78 


Trenton 

79 

N. Y._ 

Albany 

68 


Riiffalo ___ 

75 


Jamaica 

56 


Mt. Vemon 

74 


New Rochelle. 

New York 

75 

72 


Roeh eater 

70 


Schenectady. 



Syracnae 

74 


TItica 

69 


Yonkers 


N. C. 

Asheville 

74 


Charlotte 


N. M 

Winston-Salem 

Albuquerque 

82 

65 

Ohio 

Akron 

76 


Canton 



Cincinnati 

84 


Cleveland 

74 


Columbus 

82 


Dayton 



T^akewood 

82 


Springfield 

72 


Toledo 

83 


^These averages taken from various city water main locations, with some actual values slightly higher 
and some lower than values shown. 
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Table 1. Average Maximum Water Main Temperatures^ (Concluded) 


Statb 

City 

Temp. F 

State 

Cett 

Temp. F 

Okla 

Oklahoma City 

82 

Utah 

T.ogan... 

44 


Tnlfifl . 



Bfllt Lake City 

60 

Ore 

Ell gen p. 

60 

Vs, 

Fredericksburg 

75 


Portland 

64 


T.ynchbiirg 

73 

Pa 

Altoona 

74 


Norfolk 

80 


Erie 

75 

Wash 

Olympia _ 

58 


Johnstown 

74 


Beattie 

62 


McKeesport 

82 


Spokane 

51 


Philadelphia 

83 


Tacoma 

57 


Pittsburgh 

81 

W. Vfl. 

Charleston 

85 

R. I 

Providence. 

68 


Huntington 

78 

S. C 

Charleston .. 

80 


Wheeling, . 

78 


Greenville. 

81 

Wis 

Crosse 

54 


Spartanburg 

78 


Madison 

58 

S. Dak 

Rapid City. 

55 


Milwaukee 

70 

Tenn. 

Chattanooga 

84 


Racine 

68 


Knoxville 

89 





Memphis 

70 





Nashville. 

90 




Texas 

Amarillo 

65 

Peovincb 




Austin 

90 





Beaumont 

86 





Dsllas 

86 

Alta 

Calgary 

64 


Fort Worth 

84 

B. C. . 

Vancouver 

60 


Galveston 

90 

Ont 

London 

50 


Houston _ 

84 


Toronto 

63 


Port Arthur 

83 

P. E. I 

Charlottetown 

48 


San Antonio 

76 

Que 

Montreal 

78 


Wichita Falls 

85 


Quebec 

68 








aThese averages taken from various aty water main locations, with some actual values slightly higher 
and some lower than values shown. 


spray temperature the greater the amount of moisture removal per pound 
of dry air, all other conditions remaining the same. Washers with ^o or 
more banks of sprays are usually selected for comfort air conditioning 
installations. Such washers will cool the air to within 1 or 2 F of the 
leaving spray water temperature. 

Where a limited supply of cold water is available multiple stage 
washers may be used to an advantage. The cool water is pumped through 
the multiple spray systems in series. By this arrangement the entering 
air is cooled first by the warmer water and finally by the cooler water 
which gives the maximum amount of cooling with the minimum amount 
of water. The approximate temperatures of water from wells at depths 
of 30 to 60 ft are given in Fig 3^ Frequently the temperature of the city 
water main supply is low enough during the summer to permit an ap- 
preciable cooling effect. Table 1 lists the maximum city water main 
temperatures for various localities in the United States and Canada, 

Air washers using refrigerated spray generally have their own recircu- 
lating pumps. These pumps deliver to the sprays a mixture of water 
from the washer sump, which has not been re-cooled, and refrigerated 
water. The quantities of each are controlled by a three-way or mixing 

^Temperature of Water Available for Industrial Use m the United States, by W. D. Collins (C/. S. 
Geological Survey^ Water Supply Paper No. 620 F). 
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valve actuated by a dew-point thermostat located in the washer air outlet 
or by humidity controllers located in the conditioned space. 

ATMOSPHERIC WATER COOLING EQUIPMENT 

In the operation of a refrigerating plant or a condensing turbine, one 
of the main problems is the removal and dissipation of heat from the 
compressed refrigerant or the discharged steam. This is accomplished 
ordinarily by first transferring the heat of the gas to water in a heat 
exchanger, from which water it may then be dissipated in a number 
of ways. If the plant is situated on the banks of a river or lake, an intake 
may be taken up-stream or at a considerable distance from the discharge, 
to prevent mixing of the heated discharged water with the inlet water. 
If the source of cooling water is a city supply or a well, the discharge 
water may be run into the nearest sewer or open waterway. Lacking 
an unlimited water supply, or in cases where city water is too expensive 
or where the water available contains dissolved salts which would form 
scale on the heat-exchanging apparatus, it is necessary to recirculate the 
water, and to cool it after each passage through the heat-exchanger by 
exposure to air in an atmospheric water cooling apparatus. 

Air has a capacity for absorbing heat from water when the wet-bulb 
temperature of the air is lower than the temperature of the water with 
which it is in contact. The rapidity with which this transfer of heat occurs 
depends upon (1) the area of water in contact with the air, (2) the relative 
velocity of the air and water, and (3) the difference between' the wet-bulb 
temperature of the air and the temperature of the water. The rate of 
heat dissipation is influenced further by many small factors^ prevailing 
upon these primary ones, making the ‘comprehensive design problem 
difficult. Selection of equipment for any specified service must ulti- 
mately rest in overall economic considerations established from reliable 
performance data. 

As the heat content of the air increases, its wet-bulb temperature rises. 
(See Chapter 1.) Because it is impractical to leave the air in contact 
with water for a long enough time to permit the wet-bulb temperature of 
the air and the temperature of the water to reach equilibrium, atmos- 
pheric water cooling equipment aims to circulate only enough air to cool 
the water to the desired temperature with the least possible expenditure 
of power. 

In an air washer, humidifier or dehumidifier, the air is first conditioned 
by water to change its moisture and temperature, and it is then sent to 
the place where it is to be used. In water cooling equipment the tem- 
perature of the water is reduced by air, and the cooled water is carried to 
its point of usage. In the air washer, an excess of water is used to con- 
dition a fixed quantity of air, while in water cooling equipment, an excess 
of air is used to cool a fixed quantity of water. 

Both types of equipment have a common basis of design, however, in 
that the size' of the equipment is determined by the quantity of air that 
must be handled. With the air washer, the size of the equipment is fixed 
by the quantity of air to be conditioned, and the amount of conditioning 


^Cooling Tower Performance Studies, by L. M. K. Boelter (A S.H.V.E. Transactions, Vol. 46, 1939, 
p. 615). 
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is controlled by the quantity and temperature of the water supplied and 
its method of application. With water cooling apparatus, its size and the 
quantity of air required bear no direct relation to the quantity of water 
being cooled, but vary through a wide range for different services and 
conditions. 

Sizes of Equipment 

Assuming a definite quantity of water to be cooled, the size and design 
of atmospheric cooling equipment are affected by the following primary 
conditions : 

1. Temperature range through which the water must be cooled. 

2. Number of degrees above the wet-bulb temperature of the entering air to which 
the water temperature must be reduced. 

3. Temperature of the atmospheric wet-bulb at which the required cooling must be 
performed. 

4. Time of contact of the air with the water. (This involves height or length of the 
apparatus and velocity of air.) 

5. Surface of water exposed to each unit quantity of air. 

6. Relative velocity of air and water. 

Items 1, 2, and 3 are established by the t 5 q)e of service and geographical 
location, while items 4, 5, and 6 depend upon the design of the equipment. 

The establishment of a proper cooling range depends upon : 

1. Type of service (refrigerating, internal combustion engine and steam condensing), 

2. Wet-bulb temperature at which the equipment must operate satisfactorily. 

3. Tipe of condenser or heat-exchanger used. 

Because the design of an entire plant is usually affected by the quantity 
and temperature of the cooling water supply, plants should be designed 
for cooling water conditions which can be most efficiently attained. The 
first consideration is usually the limiting temperature of the plant. For 
example, if an ammonia compressor refrigerating plant is to be designed 
for 185 lb head pressure as a normal maximum, the limiting temperature 
of the ammonia in the condenser is 96 F. Should the ammonia tempera- 
ture go above this figure the head pressure will exceed 185 lb and power 


Table 2, Condenser Design Data 


Gas 

Mattuttm PbbSSTTBB 
Dwanaim ik 

Gas TEMFsiBAirDBa 
nr CoNDENsaB 

LaATmG Hot Watob TaMFSBATmoi 

Dbg P 


CONDBNSBB 

Dbg F 

Best Condenser Design 

Average Condenser 
Design 

Steam. — 

28 in. vacuum 

101.2 

97 

93 

StPAm 

27 in. vacuum 

116.1 

110 

106 

Steam _ _ 

26 in. vacuum™ . . 

125.9 

120 

114 

Ammnnia. 

185 lb gage 
head pressure 


96.0 

92 

88 

Carbon dioxide.. 

1030 lb gage 
head pressure 

86.0 

83 

81 

Methyl 

chloride 

102 lb gage 
head pressure 

300.0 

96 

92 

Dichlorodi- 

fluoromethane 

117 lb gage 
head pressure 

100.0 

96 

93 
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consumption increases. To obtain this head pressure, the temperature of 
the circulating water leaving the condenser must always be less than 96 F 
by an amount depending upon the size and design of Ae condenser, the 
quantity of water being circulated, and the refrigerating tonnage being 
produced. A condenser having a large surface per ton of refrigeration 
may be designed to operate satisfactorily with the leaving hot water 
temperature within 3 or 4 F of the ammonia temperature corresponding 
to the head pressure, while a small condenser might require a 10 F 
difference. 

Table 2 lists several gases with data as to the temperatures and pres- 
sures for which commercial condensers are designed. Internal combustion 
engines have limiting hot water temperatures of 125 F to 140 F for closed 
systems, and 110 F to 120 F for open systems, depending upon the quality 
of the cooling water. The cooling of such fluids as milk or wort has 
variable requirements and is usually done in counter-flow heat-exchangers 
in which the leaving circulating water is at a much higher temperature 
than is the leaving fluid. 

The temperature range, once the hot water temperature is approxi- 
mately known, depends upon : 

1. Maximum wet-bulb temperature at which the full quantity of heat must be 
dissipated. 

2. Efficiency of the atmospheric cooling equipment considered. 

Design Wef-Bulb Temperatures 

The maximum wet-bulb temperature at which the full quantity of 
water must be cooled through the entire range is never, in commercial 
design, the maximum wet-bulb temperature ever known to exist at the 
location nor the average wet-bulb temperature over any period. The 
former basis would require atmospheric cooling equipment several times 
greater than normal size, and the latter would result during a large part of 
the time, in higher condenser water temperatures than those for which the 
plant was designed. For instance, the maximum wet-bulb temperature 
recorded in New York City is 88 F, and the July noon average for 64 
years is close to 68 F. Yet in the years 1925 to 1934, inclusive, there were 
but 8 hours per year when the wet-bulb temperature reached 80 F or more, 
and there were 975 hours in the average summer (June to September 
inclusive) when the wet-bulb temperature was 68 F or above. As these 
975 hours represent a third of the summer period, cooling equipment 
based upon the noon average July wet-bulb of 68 F would be inadequate. 
Commercial practice is to choose a wet-bulb temperature for air con- 
ditioning design purposes which is not exceeded during more than 5 to 
8 per cent of the summer hours (75 F for New York City) with somewhat 
lower requirements for steam turbines and internal combustion engines. 
This difference is made because the heaviest load on an air conditioning 
plant is coincident with high wet-bulb temperatures, whereas the heaviest 
electric power demand occurs either in the winter or after nightfall in 
summer, when the wet-bulb temperature is low. Table 1, Chapter 7, 
shows design wet-bulb temperatures which will not be exceeded more 
than 8 per cent of the time in an average summer. 

Knowing the hot water temperature and the wet-bulb temperature for 
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which the equipment must be designed, the cold water temperature must 
be chosen to place the requirement within the effectiveness range of the 
type of atmospheric water cooling apparatus to be used. This effective- 
ness is expressed as the percentage ratio of the actual cooling effect to the 
maximum possible cooling effect. Since the wet-bulb temperature of the 
entering air is the lowest adiabatic equilibrium temperature to which the 
water could b^ cooled, the effectiveness based upon the quantity of water 
and upon this assumed limiting process is equal to: 

(hot water temperature — cold water temperature) X 100 
hot water temperature — wet-bulb temperature of entering air * 

Magnitudes of this effectiveness ratio will vary through wide limits in 
accordance with the many possible types of construction and conditions 


Table 3. Effectiveness of Atmospheric Water Cooling Equipment 


Equipmunt 

CooLiNO EppDcnvBNBSS— P bb Cent 

Minimuin 

Usual 

Maximum 

Spray Ponda. .. _ 

30 

40 to 50 

60 

Spray Tnwpra . 

40 

45 to 55 

60 

Natural Draft Deck or Atmospheric 
Towara___ 

35 

50 to 70 

90 

Mp.rhan?rii.l Draft 

35 

65 to 75 

90 



of operation. Values indicative of the commercial range of the effective- 
ness ratio are given in Table 3, although unusual designs may operate 
outside these ranges. 

From consideration of the factors which include the cooling range and 
design wet-bulb temperature, the quantity of water required can be 
calculated from the amount of heat to be dissipated. The normal amounts 
of heat to be removed from various processes of the cooling equipment are : 

Compressor Refrigeration: 220 to 270 Btu per minute per ton. Usual practice is to 
assume: 250 Btu per minute per ton which is equivalent to 30 gal per degree F per 
minute per ton. 

Steam Turbine Condensers: 950 to 980 Btu per pound of steam. Usual practice is to 
assume 970 Btu per pound of steam. 

Steam Jet Refrigerating Condensers: 1030 to 1150 Btu per pound of steam. Exact 
value depends upon initial steam conditions. 

Diesel Engine Jackets: 2500 to 4000 Btu per BHP per hour. Usual practice is to 
assume 3500 Btu per BHP per hour. 

Natural Gas or Gasoline Engines: 4500 to 6000 Btu per BHP per hour. Usual practice 
is to assume 5000 Btu per BHP per hour. 

Cooling Ponds 

A natural pond is often used as a source of condensing water. The 
hot water should be discharged close to the surface at the shore line. 
Natural air movement over the surface of the water will cause evaporation 
and carry away heat. Because increased density due to the loss of heat 
causes the cooled water to sink to the bottom of the pond, the suction 
connection for intake water should be placed as far below the surface as 
possible, and at as great a distance from the discharge' as practicable. 
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Spray Cooling Ponds 

The spray pond consists of a basin, above which nozzles are located to 
spray water up into the air. Properly designed spray nozzles break up the 
water into small drops, but not into a mist because the individual drops 
must be heavy enough to fall back into the basin and not drift away with 
the air movement. The water surface exposed to the air for cooling is 
the combined area of all the small drops. Since the rate of heat removal 
by atmospheric water cooling is a function of the area of water exposed 
to the air, the difference in temperature between the water and the wet- 
bulb temperature of the air, the relative velocity of air and water, and 
the duration of contact of the air with the water, a much larger quantity 
of heat may be dissipated in a given area with the spray pond than with 
the cooling pond, because of (1) the speed with which the drops travel as 
they are propelled into the air and fall back into the water basin, (2) the 
increased wind velocity at a point above the surrounding structures or 
terrain, (3) the increased volume of air used, and (4) the vastly increased 
area of contact between air and water®. 

Spray pond effectiveness is increased by (1) elevating the nozzles to a 
higher point above the surface of the water in the basin, (2) increasing the 
spacing between nozzles of any one capacity, (3) using smaller capacity 
nozzles to decrease the concentration of water per unit area, and (4) 
using smaller nozzles and increasing the pressure to maintain the same 
concentration of water per unit area. Usual practice is to locate the 
nozzles from 3 to 7 ft above the edge of the basin, to supply from 5 to 
12 lb pressure at the nozzles, using nozzles spraying from 20 gpm to 
60 gpm each and spacing them so the average water delivered to the 
surface of the pond is from 0.1 gpm per square foot in a small pond to 
0.8 gpm per square foot in a large pond. Best results are obtained by 
placing the nozzles in a long relatively narrow area located broadside 
to the wind. 

Spray ponds may be located on the ground, or they may be placed 
on roofs. To prevent excessive drift loss, or the carrying of entrained 
water beyond ihe edge of the pond by the air on the leeward side, louver 
fences are required for roof locations and for those ground locations where 
space is so restricted that the outer nozzles cannot be located at least 
20 ft to 25 ft from the edge of the basin. Such fences usually are con- 
structed of horizontal louvers overlapping so the air is forced to turn a 
comer in passing through the fence, and the heavier drops of water are 
thrown back, owing to their inertia. The louvers also restrict the flow of 
air, particularly at the higher wind velocities, and thus further reduce the 
possibility of water being carried off. The height of an effective fence 
should be equal to the height of the spray cloud. Louver boards are 
preferably of red gulf cypress or California redwood supported on cast- 
iron, steel or wood posts. Where building ordinances forbid the use of 
combustible materials, sheet metal is customarily used. 

Algae growths, during warm weather, in cooling towers and spray ponds 
may be eliminated while the plant is in operation by the use of potassium 
permanganate. This chemical can be dissolved at the rate of 1 lb in 


»A.S.H.V.E. Research Paper — ^Design of Spray Cooling Ponds, by S. Hori, U. A. Patdaett and L. M. 
K. Boelter (A.S.H.V.E. Journax. Section, Heating, Piping and Air Conditioning, October, 19^, p. 624). 
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134 to 134 gal of hot water. About 10 parts of permanganate should be 
used per million parts of cooling water. Enough of the permanganate 
solution should be added periodically to cause the water to have a pink 
color for a period of from 15 to 20 min. The best results are obtained 
when sufficient quantities are added periodically at intervals of several 
weeks, the time intervals being dependent upon local operating conditions. 
The chemical is non-poisonous and is non-corrosive when used as directed. 

Spray Cooling Towers 

Where not more than 30,000 Btu per minute are to be dissipated, the 
spray cooling tower is a satisfactory apparatus. The word tower in this 
connection is somewhat of a misnomer as the apparatus is essentially a 
narrow spray pond with a high louver fence. As usually built, the nozzles 
spray down from the top of the structure and the distance from the center 
of the nozzle system to the fence on either side is not more than half the 
distance that the nozzles are elevated above the water basin. Heights 
range from 6 ft to 15 ft and the total width of a structure is not usually 
greater than its height. Spray cooling towers occupy less space on small 
jobs than spray ponds of equivalent capacities because the towers have 
a capacity of from 0.6 gpm to 1.5 gpm per square foot of tower area. The 
louvers are continually wet, and so add to the surface of water exposed 
to the cooling air. 

. Natural Draft Deck Type Towers 

In past years much of the atmospheric water cooling on refrigeration 
work has been done with natural draft deck type towers, which are also 
referred to as wind or atmospheric towers. These towers consist of heavy 
wooden or steel framework from 20 to 40 ft high and from 10 to 20 ft 
wide, having open horizontal lattice-work platforms or decks at regular 
intervals from top to bottom, and a catch basin at the foot. The hot 
water is distributed over the upper part of the structure by means of 
troughs, splash heads, or nozzles, and it drips from deck to deck down to 
the basin. The object of the decks is to arrest the fall of the water so as to 
present efficient cooling surfaces to the air, which passes through the 
tower parallel to the decks. The decks also add to the area of water 
surface exposed to the air, but since they furnish a resistance to air flow, 
too many decks are a detriment. 

To prevent the loss of water on the leeward side of the tower, wide 
splash boards are attached at regular intervals from top to bottom. These 
boards or louvers extend outward and upward, and in most designs the 
top edge of each louver extends above the bottom edge of the one above it. 

Efficiency of a deck tower is improved, within limits, by increased 
height, increased length, or increased width. The first two increase the 
area of water exposed to the wind, and the latter increases the time of 
contact of the air with the water. 

Wind Velocities on Natural Draff Equipment 

Since natural air movement is the prime requirement for a deck type 
tower, spray cooling tower, or spray pond, the apparatus must be de- 
signed to produce the desired cooling on days when the wind velocity is 
below average when the wet-bulb temperature is at the maximum chosen 
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for design, and when the plant is operating at full load. The apparatus 
must also, for best results, be located with its longest axis at right angles 
to the direction of the prevailing hot weather breeze. Table 1, Chapter 7, 
gives the average summer wind velocities and directions in representative 
cities. Natural draft cooling equipment should be designed to operate 
properly with not more than one-half of the average wind velocity, and in 
no case for a wind velocity of more than 5 mph. Natural draft equip- 
ment must not be obstructed by trees, buildings, or other wind deflectors. 

Mechanical Draft Towers 

Mechanical draft towers usually consist of vertical shells, constructed 
of wood, metal, or masonry, in which water is distributed uniformly at the 
top and falls to a collecting basin at the bottom. The inside of the tower 
may be filled with wood checker-work over which the water drips, or the 
water surface may be presented to the air by filling the entire inside of the 
structure with spray from nozzles. Air is circulated through the tower 
from bottom to top by forced or induced draft fans. Since the air flows 
counter to the water, the air is in contact with the hottest of the water 
just before leaving the top of the tower, and each unit of air picks up more 
heat than a similar unit would on natural draft equipment, so the me- 
chanical draft tower cools water by using less air than the other types of 
equipment need. As movement of the air through the towers is obtained 
by power-consuming fans, it is essential that the air used be reduced to a 
minimum so as to secure the lowest possible operating cost. 

The effectiveness of a mechanical draft tower is increased by increasing 
height, area, or air quantity. Increasing the height increases the length 
of time the air is in contact with the water without affecting seriously the 
fan power required, but it increases the pumping power needed. In- 
creasing the area while maintaining constant fan power increases the air 
quantity somewhat and because of lowered velocities it increases the 
time this air is in contact with the water. The surface area of water in 
contact with the air is increased in both cases. Increasing the air quantity 
decreases the time the air is in contact with the water, but, since a greater 
quantity is passing through, the average differential between the water 
temperature and the wet-bulb temperature of the air is increased, and this 
speeds up the heat transfer rate. Increased air quantities are obtained 
only at the expense of increased fan power, which increases approximately 
as the cube of the air quantity. Air velocities through mechanical draft 
towers vary from 250 to 450 fpm over the gross area of the structure. 

Mechanical draft water cooling equipment may be set up inside build- 
ings, where it usually draws its air supply from the general space in which 
it is installed, and discharges its exhaust air through a duct to the outside. 
Indoor cooling towers may be either of the wood-filled or the spray-filled 
type. In many cases where little height but considerable area is available, 
water is cooled in a spray-filled structure similar to an air washer, with 
the air passing horizontally through the apparatus and being discharged 
through a duct to the outside. 

Cooling Tower Dedgn 

The method of design of equipment for energy transfer from water to 
an air-water vapor mixture is similar to that used for absorption equip- 
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ment. Details of this procedure are available^’ ® and its application to 
the problem of the cooling tower operating at atmospheric pressure is 
illustrated by the following development. The nomenclature used is 
as follows: 


a = overall average wetted area (surface of water drops plus 
wetted tower surface) square feet per cubic foot of tower 
volume. 

c == specific heat of liquid water, Btu per pound per degree 
Fahrenheit. 
e = effectiveness, 
s «= natural base. 

G = weight rate of flow of air, pounds of dry air per hour. 
h — enthalpy, Btu per pound of dry air. 

/»a = enthalpy of air-vapor mixture, Btu per pound of dry air. 

A” = enthalpy of saturated air-vapor mixture at water tem- 
perature, Btu per pound of dry air. 

K — overall energy umt conductance, Btu per hoiu per square 
foot overall average wetted area per (Btu enthalpy dif- 
ference per pound of dry air). 

Ka = overall rate coeflScient, Btu per hour per cubic foot of 
tower volume per (Btu enthalpy difference per pound of 
dry air). 

L » water rate, pounds per hour. 

Im — logarithmic mean. ^ « 

5 = average cross-sectional area of cooling tower for air flow, 
square feet. 

t = water-main body temperature, degrees Fahrenheit 
tyrh = wet-bulb temperature, degrees Fahrenheit. 

V = tower volume, cubic feet. 

Note: Subscripts 1 and 2 when used in equations refer to water 
entrance and exit sections respectively, for the counter-flow tower. 



A section of a typical counter-flow tower is shown in Fig. 4. If the 
reduction in water rate due to evaporation within the volume is n^lected, 
the energy balance for this differential section of the exchanger volume 
may be written as: 

Lcdt = Gdh (2) 

The potential for net energy transfer due to heat and mass transfer 
from the water to the mixture in contact with it may be expressed with 
reasonable accuracy as the difference between the enthalpy of saturat^ 
air at the water temperature, A®, and the enthalpy of the main stream air 
vapor mixture^ h- The rate of energy transfer is given by the expression : 

Ka (h’ - Aa) dV (3) 

which equation defines the overall rate coefficient, Ka; the latter being 
the product of the overall enei^ unit conductance, K, and the ratio of 
the transfer surface to the exchanger volume, a. 

Equations 2 and 3 are conveniently illustrated by mea^s of the tem- 
perature-enthalpy diagjram of Fig. 6. Equation 2 indicates that the 
succession of air and water states existing in the exchanger sections must 
combine to form a straight line (for L = constant) on the temperature 


‘Principles of Chemical Engineering, by W. H. Walter, W. K. Lewis, W. H. McAdams and E. R. Gilliland 
(McGraw-Hill Co., 1937, p. 480). 

•Absorption and Extraction, by T. K. Sherwood (McGraw-Hill Co., 1937, p. 91). 

•Performance Characteristice of a Mechanically Indu(^ Draft, Counterflow, Packed Cool^To^. 
by aTl. London, W. E. Mason and L. M. K. Bodter (A.S Jf.E. Tramoaums, January, 1940, Vol. 82, p. 41). 

•Determination of Unit Conductances for Heat and Mass mnsfer by the Trandent Mettod, by A. U 
London, H. B. Nottage and L. M. K. Bodter (.Industrial and Engtneenng Chsmtsiry, April, 1941, Vol. 33, 
p. 467). 
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enthalpy diagram. The slope of this operating line is ^ Since 

the heat capacity of water is approximately unity, this slope is the ratio 
of the water to the air rate. Equation 3 indicates that the potential for 
energy transfer at any section is the difference between the enthalpy of 
saturated air at the main-body water temperature at that section and the 
enthalpy of the air stream in contact with that water. This potential is 
the difference in the ordinates of the saturation and operating lines for 



WATER TEMPERATURE, DEG FAHR 

Fig. 5. Tempera^ture Enthalpy Diagram for Air Water Vapor Mixture 
Showing the Operating Line for Example 1 


the water temperature at the plane in the tower which is under con- 
sideration. 

Combination of Equations 2 and 3 results in the expression : 

Gdh ^ Ka{W’-h^)dV (4) 


Integrating this equation over the length of the exchanger: 


r- 

J% -Sfai 


The integration of the left side of Equation 5 determines the tower 
volume required to achieve the desired energy exchange. This summation 
is readily accomplished for counter and parallel flow arrangements. G and 
Ka are usually independent of the tower volume and Equation 5 then 
becomes: 


NTU 



KaV 

G 


( 6 ) 


Where NTU is defined as the Number of Transfer Units and is a measure of the 
difficulty of the cooling process. 
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The integration is made numerically or graphically. In the graphical 
integration \ ^ is evaluated as a function of Aa« This determination 


involves the use of the energy balance equation integrated from one 
section to the section in question. The area under the curve between any 
two abscissae is the number of transfer units required to change the air 
state from hi to Ai. 

An approximate value for the number of transfer units can also be 
determined by a simple graphical method of direct construction on the 
temperature enthalpy diagram^. This method cannot be applied very 
satisfactorily to cooling towers as the operating range is small and the 
value of the iVTZ7 is near unity. 

When the relationship between the enthalpy of the saturated air and 
the temperature is linear over the range of 'water temperatures involved, 
it can be shown® that the logarithmic mean of the terminal potentials, 
him, is the correct driving force. This is true to a good approximation 
when the water cooling does not exceed 15 F. The approximation to 
linearity may be determined by inspection of Table 6, Chapter 1, or the 
temperature enthalpy diagram of Fig. 5. If the logarithmic mean is a 
valid potential, Equation 6 may be written: 


hi — Jh _ KaV 
A/tim G 


and the need for the numerical integration for the determination of the 
tower volume is eliminated. 

The overall rate coefficient, Ka, must be known if the tower volume is 
to be determined. Experiments conducted on towers containing different 
packing construction have yielded some magnitudes of this coefficient, 
evaluated on an overall basis. These data are presented in Fig. 6 as a 
function of the gas mass velocity thro^igh the packing, and apply only to 
the particular packing structure for which they were obtained. The 
overall rate coefficient {Ka) may also be a function of the water rate, 
since a reduction of the water rate may reduce the wetted area within the 
exchanger^®. The results included in Fig. 6 probably represent magnitudes 
of Ka which were obtained for complete wetting. Within the cooling 
tower operating range the overall rate coefficient for energy transfer is 
nearly the same numerically as the overall rate coefficient for mass trans- 
fer. The conditions of test corresponding to the data presented in Fig, 6 
are not well enough known in most cases to warrant recomputation of 
Ka. Therefore the magnitudes of the overall rate coefficient for mass 
transfer presented in Fig. 6 may be used directly in Equations 5 and 6, 
the units of Ka in these equations being Btu per hour per cubic foot per 
pound of dry air. 

A typical design procedure is outlined in an illustrative example: 

Example 1. The rate of air flow, ^bitr^ily assumed iu the data given, is related to 
the tower volume by economic considerations. A balance between air rate and tower 


•Graphical Method of Determining Number Transfer Units, by T. Baker {Industrial and Engineerim 
Chemist^, August, 1936, Vol. 27, p. 977). 

•Loc. Cit. Note 4, p. 79. 
uLoc. Cit. Note 6. 
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volume rests on consideration of the costs of producing air flow and of the tower con- 
struction^^ A counter-flow forced draft cooling tower is to cool 36,000 lb of water per 
hour from an initial temperature of 110 F to a final temperature of 80 F. Air having 
an initial condition of 65 F dry-bulb and 58 F wet-bulb temperature will be forced 
through the tower counter to the direction of water flow at the rate of 30,000 lb of dry 
air per hour. 

The cross-section of the tower is to be 8 ft x 8 ft and the packing is to be of the type 



Fig. 6. Unit CoNDtCTANCEs for Various Types of Packing Construction 


producing a rate coefficient as indicated in curve No. 2 of Fig. 6. For this type of packing 
the average cross-sectional area for air flow will be 36 sq ft. 

Solution: 

Initial air enthalpy = 25.1 Btu per pound of dry air. 

Final air enthalpy: 

(fti - w = ^ («i - h) 

h\ = 61.1 Btu per pound dry air. 

A numerical intejgration (Table 4) is employed to determine the Number of Transfer 
Units (NTU) required. Temperature increments of 2 F are used between successive 

determinations of the quantity ~ The energy balance indicates that the enthalpy 


uLoc. Cit. Note 4, p. 142. 
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Table 4. Numerical Integration for the Number of Transfer Units 


Water 

Temperature 

Interval 

Deg F 

Mean Water 
Temperature 
Deg F 

Mean Air 
Enthalpy, hn 
Btu per Lb 
Dry Air 

SATimATED Air 
Enthalpy, A" 
Btu per Lb 
Dry Air 

Enthalpy 
Potential 
h" - Aa 

Ah 

A" - ha 

80-82 

81 

26.3 

44.6 

18.3 

0.131 

82-84 

83 

28.7 

46.9 

18.2 

0.132 

84-86 

85 

31.1 

49.2 

18.1 

0.133 

86-88 

87 

33.5 

51.7 

18.2 

0.132 

88-90 

89 

35.9 

54.4 

18.5 

0.130 

90-92 

91 

38.3 

57.1 

18.8 

0.128 

92-94 

93 

40.7 

60.0 

19.3 

0.124 

94-96 

95 

43.1 

63.0 

19.9 

0.121 

96-98 

97 

45.5 

66.2 

20.7 

0.116 

98-100 

99 

47.9 

69.6 

21.7 

0.111 

100-102 

101 

50.3 

73.2 

22.9 

0.105 

102-104 

103 

52.7 

77.0 

24.3 


104-106 

105 

55.1 

80.9 

25.8 


106-108 

107 

57.5 

85.1 

27.6 

0.087 

108-110 

109 

59.9 i 

89.5 

29.6 







1.723 


increments corresponding to these temperature increments are; 


Ah 


Lc _ 36,000 
G 30,000 


X 2 


2.4 Btu per pound of dry air. 


The result of the integration is that the Number of Transfer Units required (NTV) 
= 1.72. 

G 30 000 

Unit gas mass velocity, — = 830 lb per hour per square foot average 

cross-sectional air flow area. 

From, Curve 2, Fig, 6, Ka — 138 Btu. 

The tower volume required is: 

7 = ^ (.NTD) = X 1.72 = 217 X 1.72 = 374 cu ft. 


Height of the packed section is; 

374 


8X8 


6.9 ft. 


The graphical solution for the Number of Transfer Units required for the desired 
performance is plotted in Fig. 7. ^ ^ is plotted as a function of A, and the area 


under the curve from the initial enthalpy of the air, 25.1 Btu per pound, to the final 
enthalpy of the air, 61.1 Btu per pound is 1.72, the Number of Transfer Units required. 
The effect of the rapid decrease in potential due to the cooling of the water is indicated 
by comparison of area AitA 2 f and At of Fig. 7. Each represents the Number of Transfer 
Units required to achieve a water temperature reduction of about 10 F. 


Ai - 0.471 NTU (110 to 100 F) 
Ai = 0.595 NTU (100 to 90 F) 
Ai « 0.657 NTU ( 90 to 80 F) 


The use of the logarithmic mean driving potential is illustrated by applying Equation 7 


to example 1: 


NTU 


(Ka) V ^ hi -h 
G Ahha 
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^ For small size counterflow spray towers intended for a low cooling 
range only considerable data^^’ are available on the performance of the 



AIR ENTHALPY, BTU PER LB DRY AIR 


Fig. 7. Graphical Integration to Determine Number of Transfer Units 
Required for Desired Operating Conditions of Example 1 


spray system in terms of the logarithmic mean enthalpy potential. 
These data show the importance of proper nozzle arrangement and spray 
distribution within the tower. The greatest cooling effect is shown to be 
obtained in a region close to the nozzles; and the beneficial effects of 
packing added in the lower section of the tower follow as increasing the 
cooling ^range. 

A variation of the design method according to Equation 6 is further 
possible^^ through the introduction of Equation 2 to yield 



The advantage of this form is in the fact that the left side of the 
equation may be dealt with as a thermodynamic function only, while the 


i^A.S.H.V.E. Research Report No. 1189 — Performajice Characteristics of a Forced Draft, Counterflow 
Spray Cooling Tower, by H. H. Niedennan, E. D. Howe, J. P. Longwdl, R. A. Seban and L. M. K. Boelter 
(A.S.H.V.E. Transactions, Vol. 47, 1941, p. 413). 

”Spray Nozzle Performance in a Cooling Tower, by L. M. K. Bodter and S. Hoii (HeaUng, Piping and 
Air Conditioning, May, 1943, p. 259). 

“Performance and Sdection of Mechanical-Draft Cooling Towers, by Joseph Lichtenstein (A.S,M.E 
Transactions, October, 1943, Vol. 65, No. 7, p. 779). 
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right side depends upon the tower construction and operation. A series 
of performance curves may be determined from a graphic evaluation of 
the integral, which will serve either as a convenient means of analyzing 
experimental data to determine the conductance Ka, or as a rapid method 

V 

of performance prediction, once the tower characteristic, — j—j is known. 

These performance curves may be expressed in terms of the following 
variables; approach to wet bulb, cooling range, L/G, and wet-bulb 
temperature of the entering air; and as such they will serve to accurately 
cover the tower performance in consistent terms. 

The application of the foregoing design method to atmospheric towers 
is difficult because rate coefficients and flow conditions are not yet well 
defined for such equipment. If these are known, application of Equation 
7 to sections of the tower small enough to justify use of the logarithmic 
mean potential will yield the tower volume required for each section. 
The sections must be taken perpendicular to the path of water flow. A 
correction to adjust the logarithmic mean potential, evaluated as for 
counter-flow, to the reduced effectiveness of cross-flow, has been derived 
for heat transfer and may be applied to this case^®. 

Atmospheric towers operate with natural draft, produced in a vertical 
direction by the stack action of the tower structure, at zero velocity of the 
approach wind. Approach wind of sufficient magnitude (the magnitude 
depending on the baffle arrangement which is designed to reduce drift) 
will cause cross-flow augmenting the natural draft. An adequate design 
requires the consideration of both flow conditions. 


Expression for Cooling Tower Performance 

The performance of a cooling tower is described in terms of its effective- 
ness as an energy exchanger. The effectiveness is defined as the ratio of 
the energy actually exchanged to the energy available for exchange. 

Effectiveness expressions: 

Case 1, The slope of the operating line on the t — h diagram exceeds the slope of the 
saturation line in the region of water temperatures considered. 



(9) 


Case The slope of the saturation line exceeds that of the operating line. 


hi — ^ ti — tj 

^ (*1 - <wb) ~ 


( 10 ) 


This equation represents the approach to wet^bulb. 

Usual tower operating conditions conform to Case 1. Because of the 
curvature of the saturation line, operating conditions may present them- 
selves to which neither Case 1 nor 2 applies. Since a simple expression for 
the interme^ate case is not available, the expression of Case 1 may be 
utilized for the small number of operating conditions falling into the 
intermediate classification. 


“Heat Transmisaion, by W. H. McAdams (McGraw-Hill Co., 1933, p. 157), 
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Table 5. Comparison of Various Types of Atmospheric Water Cooling Equipment 

Figures indicate order of desirability 



CooLmo 

Pond 

Sprat 

Pond 

Sprat 

Tower 

Deck 

Tower 

Mechanical 

Draft 

Indoor 

Tower 

Cost 

X 

2 

1 

3 

4 

5 

Area 

5 

4 

3 

2 

1 

X 

Height — 

1 

2 

3 

4^5 

4-5 

X 

Weight per square foot 

X 

X 

1 

3 

4 

2 

Independence of wind velocity. 

6 

3 

4 

5 

1-2 

1-2 

Drift nuisance 

1 

6 

5 

4 

2-3 

2-3 

Make-up water required 

1 

6 

5 

4 

2-3 

2-3 

Pumping head 

1 

2 

4 

5 

3 

6 

Maintenance 

2 

1 

3 

4 

5 

6 

Suitability for congested districts... 

Water quantity required for definite 

X 

5 

4 

3 

1 

2 

result 

6 

5 

4 

1-2 

1-2 

3 


xNot comparable. 


Make-Up Water 

Since the atmospheric water cooling equipment performs its functions 
chiefly by evaporating a portion of the water in order to cool the re- 
mainder, there is a continual drain on the quantity of water in the system, 
and this loss must be replaced. Approximately 1 gal of water is lost for 
every 1000 gal of water cooled per degree of cooling range; so if 1000 gpm 
of water are cooled through a 10 F range, 10 gpm of water will be re- 
quired to replace evaporated water. Replacement supply is usually 
regulated by a float control valve. Chemical treatment of the make-up 
water may be necessary to avoid excessive deposits in the condensers. 

Winter Freeing 

If atmospheric water cooling equipment is operated in freezing weather, 
the water may be cooled below freezing temperature so ice forms and 
collects until its weight causes damage. To obviate freezing during con- 
tinued operation, the efficiency of the apparatus may be lowered. This 
is done on the spray pond and the spray cooling tower by reducing the 
quantity of water fed to the apparatus, thereby lowering the pressure at 
the nozzles and increasing the size of the drops produced. On the deck 
tower the upper system may be shut off and a secondary distribution 
system put in service midway down the height of the tower. The water 
will be kept above freezing because it will have shorter contact with the 
air. The mechanical draft tower can be protected by reducing the air 
flow through the tower, by stopping or reducing the speed of the fans, or 
by partially closing dampers. 

If the system is operated intermittently in freezing weather, water in 
the basin may freeze and the expansion of the ice may do harm. Freezing 
during intermittent operation can be prevented only by draining the 
water basin when it is out of service. On small roof installations, a tank 
large enough to hold all the water in the system is often installed inside 
the building and the basin is drained into tJiis by gravity, the pump suc- 
tion being taken from this inside tank. 

A comparison of various types of water cooling equipment is given in 
Table 5. 
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jf^oiiution 


ClassMcaiion of Air Impurities, Dust Concentrations, Air 
Pollution and Health, Occlusion of Solar Radiation, Smoke 
and Air Pollution Abatement, Dust and Cinders, Nature's 
Dust Catcher 

T he particulate impurities which contribute to atmospheric pollution 
include carbon from the combustion of fuels, particles of earth, sand, 
ash, rubber tires, leather, animal excretion, stone, wood, rust, paper, 
threads of cotton, wool, and silks, bits of animal and vegetable matter, 
and pollen. Microscopic examination of the impurities in city air shows 
that a large percentage of the particles are carbon. 

CLASSIFICATION OF AIR IMPURITIES 

The most conspicuous sources of atmospheric pollution may be 
classified in various ways, as dusts, fumes and smoke. In Fig. 1, the 
classification is by particle size, but recent practice favors differentiation 
by method of formation. Thus, dusts are composed of particles produced 
by disintegration of larger material, as by crushing or grinding, whereas 
fumes are produced by condensation, and smoke consists of the finer 
carbon particles resulting from incomplete combustion. Similarly, mists 
are formed by the brea&ng up of liquids and fogs by condensation of 
vapors. There is as yet, however, no general agreement on these terms. 

Dusts tend to settle without agglomeration, fumes to aggregate and 
smoke to diffuse. Particles whidi approach the common bacteria in 
size — from 1 to 10 microns — are difficult to remove from air and are apt 
to remain in suspension unless they can be agglomerated by artificial 
means. The term fly-ash is applied to solid ashy material, usually finely 
divided, that is a constituent of the effluent gases from coal-fired furnaces. 
Cinders denote the larger solid constituents which may be entrained by 
furnace gases. 

Particles larger than 10 microns are unlikely to remain suspended in 
air currents of moderate strength, but settle out by gravity at speeds 
dependent upon the shape, size and specific gravity of the particle and 
upon the wind velocity. These larger particles are of major interest to 
the engineer in the solution of nuisance problems; on the other hand, it is 
mainly the smaller particles that are of hygienic significance. A notable 
exception to this size limitation in the latter case is the common hay-fever 
producing pollen such as that from ragweed. Pollen grains may be any- 
thing from fragments 15 miorons or less in diameter to whole pollens 25 
microns or more in size. 
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The lower limit of size of particle visible to the naked eye cannot be 
stated definitely. It depends not only upon the individual, but also upon 
the shape and color of the particle and upon the intensity of light. Under 


OIAM 

OF 

PAR- I 
[TtaEsj 

IN 

ImkromsI 


SCALE OF 
ATMOSPHERIC 
IMPURITIES 


TwTt orjHUMBERlSORFACE 

hrnuKS, OF par-'area m l 

IlH F P MJTiatt w’ SQUARE 
* for pMt CU^i INCHES 


SPHERESjAlR CONTAINING 
OF i.OOOe ORAINS OF 
^Nsmr t^MPUR)TtCS PER 

AT 70* F [CU.fT (OEKSITT "Q 



LAWS OF SETTLING 
IN RELATION TO 
PARTICLE SIZE 
(limes of demarcation appro* ) 

PARTICLES FALL WITH 
INCREASING VELOCITY 


C = E4.9VDs7 


STOKES 

LAV^ 


FOR AIR AT T0*F 

c - 300, 460s, d* I 
C-J)059Zs,D^ 


CUNNINGHAM'S 

FACTOR 

C-C’(l+K^) 
[c^c OF STOKES lAWl 
K -.8 TO .86 


c«Veloaty cm /see] 

C-Velocity ft /mm 

d«DjQtn of par- 
ticle m cm 

D-Diam of par-l 
tide in Microns] 

T "Radius of par- 
ticle in cm. 

jg"98) cm /sec*' 
acceleration 

s,« Density of 
particle 

|sj^=Den5i^ of Air 
(Very Small 
relative to s,) 

| 7 -Viscosity of 
air in poises 
-1814x10”'' for 
cir at 70“ F. 

A- I0“*cm 
(Mean free 
path of gas 
molecules ) 


2.5Sk,Ft.l 


PARTI CUES MOVE LIKE 
GAS MOLECULES 

A- Distance of 
motion m time t 
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- 8.316 X lo’' 

T - Absolute 
Temperature 

N- Number of Gosj 
molecules in , 
one mol-6j06xl0*^ 


STfTyr 


Compaed by W. G. Frank and Copyrighted. 

Fig. 1. Sizes and Characteristics of Air-Borne Solids 


ideal conditions a particle 10 microns, or even less, may be recognized, 
while under less favorable conditions it may be difficult or even impos- 
sible to recognize a particle of 50 microns. The lower limit of visibility 
should, therefore, be considered as within a range (as above) or optimum 
conditions stated. 
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Mineral particles, such as grains of sand, bits of rock, volcanic ash, or 
fly-ash, can be transported long distances under unusual circumstances. 
Thus, the dust storms of 1935 in the Kansas district resulted in vast 
amounts of fine top soil being thrown high into the air. Solar illumination 

Table 1. Approximate Limits of Inflammability of Single Gases and Vapors 
IN Air at Ordinary Temperatures and Pressures^ 


Gas oe Vapob 

Lowbb Limit 
V oLuwa IN 
Pub Cent 

Hiqhbb Limit 
Volume In 
Pub Cent 

Gas OB Vapob 

Loweb Limit 
Volume in 
Per Cent 

Higher Limit 
Volume in 
PbbCent 



4.0 

57.0 

Heyane ___ 

1.2 

6.9 

Acetone. 

3.0 

13.0 

Hydrocyanic acid. 

5.6 

40.0 

Arf*toTiftl3 

2.5 


Hydrogen 

4.1 

74.0 

Acetylene 

2.6 

80.0 

Hydrogen sulphida 

4.3 

45.5 

Arfttylenpb 

2.3 


Illuminating gas 

5.3 

31,0 

Allyl alcohol. 

2.4 


Iso-amyl alcohol 

1.2 


Ammonia 

16.0 

27.0 

Iso-butana 

1.8 

8.4 

Amyl alf^nhol. 

1.2 


Iso-butyl alcohol.. 

1.8 


Amyl chloridcL- . .. 

1.4 


Iso-pentane 

1.3 


Amylene 

1.6 


Iso-propyl acetate.. .. 

1.8 

7.8 

Benzene. 

1.4 

6.7 

Iso-propyl alcohol 

2.6 


Benzine. 

1.1 


Methane . 

5.3 

14.0 

Blast-f umace gas. 

35.0 

74.0 

Methanei^ 

5.0 

16.0 

Butane 

1.9 

8.4 

Methyl , , 

3.1 

15.5 

Butyl acetate (30 C) 

1.7 

7.6 

Methyl alcohol 

6.7 

36.0 

Butyl almhnl 

1.7 


Methyl bromide.. ..... 

13.5 

14.5 

Butylene. 

1.7 

9.0 

Methylbutyl ketone 

1.2 

8.0 

Carbon disulphide 

1.2 

50.0 

Methyl chloride 

8.0 

19.0 

Carbon monoxide. 

12.6 

74.0 

Methyl cyclohexana— 

1.2 



Croton aldehyde. 

2.1 

15.5 

Methyl ethyl ether. 

2.0 

10.1 

Cyclohexane. 

1.3 

8.3 

Methyl ethyl ketone.. 

1.8 

10.0 

Cyclopropane- 

2.4 

10.3 

Methyl formata 

5.0 

23.0 

Decana 

0.7 



Methyl propyl ketone 

1.5 

8.5 

Dichlorethylena 

9.7 

12.8 

Natural gas 

4.8 

13.5 

Diethyl selenida 

2.5 


Nonane 

0.8 


Dioxan 

2.0 

22.6 

Or.tane 

0.9 


Ethane. 

3.2 

12.5 

O-lCylene 

1.0 

6.0 

Ethyl flretflte 

2.0 

11,5 

Paraldehyde 

1.3 


Ethyl alcohnl 

3.3 

19.0 

Pentane _ _ 

1.4 

”7.8 

Ethyl hrnmide . _ __ 

6.7 1 

11.2 

Propana 

2.4 

9.5 

Ethyl chlorida 

4.0 

14.8 

Propyl acetate 

1.8 

8.0 

Ethylene dichloride 

6,2 

15.9 

Propyl alcohol 

2,5 


Ethylene . 

3.0 

29.0 

Propylene 

2,0 

' iT'i 

Ethyl ether. - 

1.8 

36.5 

Propylene didiloride.. 

3.4 

14.5 

Ethyl formata 

2.7 

16.5 

Propylene oxide 

2.1 

21.5 

Ethyl nitrite 

Ethylene nxide _ 

3.0 


P3n'idine (70 C) 

1.8 

12.4 

3.0 

SO.O 

Toluene, . 

1.3 

6.7 

Furfural (125 C) 

2,1 


Vinyl ether 

1.7 

27.0 

Gasoline 

1.4 

”6.5 

Vinyl chloride 

4.0 

22.0 

Heptane . 

1.0 


Water gas 

6 to 9 

65 to 70 








^Limits of Inflammability of Gases and Vapors, by H. F. Coward and G. W. Jones (CT. S, Bureau of 
MineSt Bulletin No. 279, 1939). 
bTurbulent mixture. 


as far east as Boston was affected noticeably eind particles as large as 40 
to 60 microns were actually carried half way across the continent before 
they settled out. In similar manner volcanic ash has been carried even 
further. It is not surprising, therefore, that fly-ash from furnace gases, 
cement dust and the like, can be carried for considerable distances and 
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occasionally the engineer is confronted with the problem of removing such 
material before the air in question is suitable for use in building venti- 
lation. 

The physical properties of the particulate impurities of air are summar- 
ized conveniently in the chart of Fig. 1. 

In the case of gases, the objectionable features are the injurious 
physiological effects and the danger from inflammability. (See Table 1.) 

Dust Concentrations 

It is customary to report dust concentrations as grains per 1000 cu ft 
or milligrams per cubic meter (except for dusts that may cause pneu- 
moconiosis, which are reported as so many particles per cubic foot of air). 
Gas concentrations are commonly recorded as milligrams per cubic meter 
or as parts per million or as per cent by volume. Typical ranges in dust 
concentrations as now found in practical applications are given in Table 2. 


Table 2. Dust Concentration Ranges in Practical Applications^ 


Apfugliton 

GaiiNB Fbb 1000 Cu Ft 

Mgs Pbb Cu M 

Rural and suburban districts , , 

0.2 to 0.4 

0.4 to 0.8 

0.8 to 1.5 

4.0 to 80 0 
4000 to 8000 

0 . 4 to 0 . 8 
0.9to 1.8 
1.8to3 5 

10 to 200 
10,000 to 20,000 

Metropolitan distrirts 

Industrial dlstrirts 

Dusty factories or mines 

Explosive concentrations (as of flour or soft coal).. 


»1 grain i)er 1000 cu ft *» 2.3 mgs per cubic meter; 1 oz per cubic foot - 1 g per liter. 


The engineer frequently desires information regarding the effects of 
various concentrations of gases or dusts upon man, as die success of a 
particular installation may depend upon the maintenance of air which 
is adequately clean. At the present time there are several organi- 
zations working on this problem all of them publishing literature of 
various kinds.^ References to books covering the hygienic significance, 
determination and control of dust are listed at the end of this chapter. 


Am POLLUTION AND HEALTH 

The prevention of various diseases which result from exposure to 
atmospheric impurities is an engineering problem. It is important for 
the engineer to insure, by proper ventilation, suitable environments for 
working or for general living. If the equipment used is to be successful, it 
must operate automatically as in the modern air conditioned theater or 
railroad train. 

Ip Table 3 are g^ven data on permissible accepted standards for 
toxicity of_ gases and vapors which occur in industry. The prudent 
engineer will design equipment using these bench marks as the upper 
limits of ptollution. In general it is good practice to avoid recirculation 
of air which originally contains toxic substances. Obviously there may be 


•Natonrf lasUtute for U. S. IJibUc Health Sorice; Division of Labor Standaids, U. S. Depart- 

S®v .”1 IMv^ty of Toronto Medi^ Sdiool, Canada; Saranac Laboratones, Saranac Ske, 

Hy^e i^imdaton, toe.. Pxttebpgb, Pa.; Harvard School of PubUc Heala, Boston 

Heaith and of Labor ta a* United 
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exceptions to this rule, but it is one which is generally being followed in 
current practice. 

Affections of the respiratory tract are associated with exposure to 
thick dust, and may follow inhalation of practically any kind of insoluble 
and non-colloidal dust. Atmospheric dust in itself cannot be blamed for 

Table 3. Accepted Standards for Toxicity of Gases and Vapors^ 


Single Exposures 

Dan^rousTor 

from 

to 1 Hour 


Max. Safe 
Concentration 
for H to 1 Hour 


Max. Allowable 
Average 
Concentration 
FOR Repeated 
Exposures 


Ammonia 5,000-10,000 2600 300 100 

Amyl acetate 400 

Aniline. 105-160 5 

Arsine 250 15 6 1 

Benzene. 190 31^7 100 

Butyl acetate. 400 

Carbon bisulfide. 4800 3200-3850 960-1600 20 

Carbon dioxide 80,000-100,000 

Carbon monoxide.... 4000 1500-2000 400 100 

Carbon tetrachloride 10,000 1000 100 

Chlorine 900 14-21 3.5 1 

Dichlorbenzene 75 

Dichlorethyl ether.« 15 

Ether. 400 

Ethylene dichloride 100 

Formaldehyde 20 

Gasoline 1000 

Hydrochloric acid 10 

Hydrogen cyanide.-. 270 110-135 45-54 20 

Hydrogen chloride.-. 1250-1750 1000-1350 40-90 10 

Hydrogen fluoride.... 660 50-260 10 3 

Hydrogen sulfide 1000-2000 360-500 200-300 20 

Methanol 200 

Methyl bromide. 20,000-i0,000 2000-4000 1000 

Methyl chloride. 150,000-300,000 20,000-^,000 7000 

Nitrobenzene 200 5 

Oxides of nitrogen 320-530 117-154 10 

Phosgene. 90 12.5 1 

Phosphine. 2000 400-600 100-200 2 

Sulfur dioxide. 400-500 150-190 50-100 10 

Tetrachlorethane. 7300 10 

Tetrachlorethylene - - 200 

T oluene and xylene 200 

Trichlorethylene 7800 3700 200 

Turpentine ^ ... - — 200 

^Adapted from The Prevention of Occupational Diseases, by R. R. Sayers and J. M. Dalla Valle 
{Mechanical Engineering, Vol. 57, No. 4, April, 1935); Safe Concentrations of Certain Common Toxic 
Substances used in Industry, by M. Bowditch, C. K. Drinker, P. Drinker, H. A. Hassard and H. Hamilton 
{Joturnal of Industrial Hygiene and Toxicology, Vol. 22, No. 6, June, 1940); and other authoritative sources. 

causing tuberculosis, but it may aggravate the disease once it has started. ^ 
The sulphurous fumes and tarry matter in smoke are more dangerous 
than the carbon. In foggy weather the accumulation of these substances 
in the lower strata may be such as to cause irritation of the eyes, nose, and 
respiratory passages. The Meuse Valley fog disaster will probably become 


4800 

80,000-100,000 

4000 

10,000 

900 


3200-3850 

'1560^2666' 


105-160 

6 

31^7 

oecPieob”' 


270 

110-135 

45-54 

1250-1750 

1000-1350 

40-90 

660 

50-260 

10 

1000-2000 

360-500 

200-300 

20,000-40,000 

2000-4000 

i'ooo 

150,000-300,000 

20,000-40,000 

7000 



200 

320-530 

117-154 


90 

12.5 


2000 

400-600 

”’io(P2o6’' 

400-500 

150-190 

50-100 

7300 









7800 



’”"3766”“' 


^PhyBiological Response of the Peritoneal Tissue to Dusts Introduced as Foreign Bodies, by Miller 
and Sayers (17. 5. Public Health Reports, 49:80, 1934). 



HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


a classic example in the history of gaseous air pollution. Released in a 
rare combination of atmospheric calm and dense fog, it is believed that 
sulphur dioxide and other toxic gases from the industrial region of the 
valley caused 63 sudden deaths, and injuries to several hundred persons. 

Carbon monoxide from automobiles and from chimney gases consti- 
tutes another important source of aerial pollution in busy cities. During 
heavy traffic hours and under atmospheric conditions favorable to con- 
centration, the air of congested streets may contain enough CO to affect 
those exposed over a period of several hours, particularly if their activities 
call for deep and rapid breathing. In open air under ordinary conditions 
the concentration of CO in city air is insufficient to affect the average city 
dweller or pedestrian. 

Occlusion of Solar Radiation 

The loss of light, particularly the occlusion of solar ultra-violet light 
due to smoke and soot, is beginning to be recognized as a health problem 
in many industrial cities. Measurements of solar radiation in Baltimore® 
by actinic methods show that the ultra-violet light in the country was 
50 per cent greater than in the city. In New York City^ a loss as great as 
50 per cent in visible light was found by the photo-electric cell method. 

The aesthetic and economic objections to air pollution are so definite, 
and the effect of air-borne pollen can be shown so readily as the cause of 
hay-fever and other allergic diseases, that means and expenses of pre- 
vention or elimination of 3iis pollution are justified. 

SMOKE AND AIR POLLUTION ABATEMENT 

Successful abatement of atmospheric pollution requires the combined 
efforts of the combustion engineer, the public health officer, and the 
public itself. The complete electrification of industry and railroads, and 
the separation of industrial and residential communities would aid 
materially in the effective solution of the problem. 

In the large cities where the nuisance from smoke, dust and cinders is 
the most serious, limited areas obtain some relief by the use of district 
heating. The boilers in these plants are of large size designed and oper- 
ated to burn the fuel without smoke, and some of them are equipped with 
dust catching devices. The gases of combustion are usually discharged at 
a much higher level than is possible in the case of buildings that operate 
their own boiler plants. 

In general, time,, temperature and turbulence are the essential require- 
ments for smokeless combustion. Anything that can be done to increase 
any one of these factors will reduce the quantity of smoke discharged. 
Especial care must be taken in hand-firing bituminous coals. (See 
Chapter 8.) 

Checker or alternate firing, in which the fuel is fired alternately on 
separate parts of the grate, maintains a higher furnace temperature and 
thereby decreases the amount of smoke. 


of Atmoa^eric PoUution U^n Incidence of ^lar Ultra-Violet light, by J. H. Shrader. M. H. 
Coblentz and F, A. Korfit {Amertcan Journal of Publtc Health, p. 7, Vol. 19, 1929). 

studies in Illumination, by J. E. Ives (C7. 5. Public Health Service Bulletin No. 197, 1930). 
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Coking and firing, in which the fuel is first fired close to the firing door 
and the coke pushed back into the furnace just before firing again, pro- 
duces the same effect. The volatiles as they are distilled thus have to 
pass over the hot fuel bed where they will be burned if they are mixed with 
sufficient air and are not cooled too quickly by the heat-absorbing surfaces 
of the boiler. 

Steam or compressed air jets, admitted over the fire, create turbulence 
in the furnace and bring the volatiles of the fuel more quickly into contact 
with the air required for combustion. These jets are especially helpful 
for the first few minutes after each firing. Frequent firings of small 
charges shorten the smoking period and reduce the density. Thinner 
fuel beds on the grate increase the effective combustion space in the 
furnace, supply more air for combustion, and are sometimes effective in 
reducing the smoke emitted, but care should be taken that hol^ are not 
formed in the fire. A lower volatile coal or a higher gravity oil always 
produces less smoke than a high volatile coal or low gravity oil used in 
the same furnace and fired in the same manner. 

The installation of more modern or better designed fuel burning equip- 
ment, or a change in the construction of the furnace, will often reduce 
smoke. The installation of a Dutch oven which will increase the furnace 
volume and raise the furnace temperature often produces satisfactory 
results. 

In the case of new installations, the problem of smoke abatement can 
be solved by the selection of the proper fuel-burning equipment and 
furnace design for the particular fuel to be burned and by the proper 
operation of that equipment. Constant vigilance is necessary to make 
certain that the equipment is properly operated. In old installations the 
solution of the problem presents many difficulties, and a considerable 
investment in special apparatus is often necessary. 

Legislative measures at the present time are largely concerned with the 
smoke discharged from the chimneys of boiler plants. Practically all of 
the ordinances limit the number of minutes in any one hour that smoke of 
a specified density, as measured by comparison with a Ringelmann Chart 
(Chapter 35), may be discharged. 

These ordinances do not cover the smoke discharged at low levels by 
automobiles, and, although they have been instrumental in reducing the 
smoke emitted by boiler plants, they have, in many instances, increased 
the output of chimney dust and cinders due to the use of more excess air 
and to greater turbulence in the furnaces. 

Legislative measures in general have not as yet covered the noxious 
gases, such as sulphur dioxide, nor sulphuric acid fog, which are dis- 
charged with the gases of combustion. ^ Where high sulphur coals are 
burned, these sulphur gases present a serious problem. 

DUST AND CINDERS 

The impurities in the air other than smoke come from so many sources 
that they are ^fficult to control. Only those which are produced in 
large quantities at a comparatively few points, such as the dust, cinders 
and fly-ash discharged to the atmosphere along with the gases of com- 
bustion from burning solid fuel, can be readily controlled. 
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Dusts and cinders in flue gas may be caught by various devices on the 
market, such as fabric filters, dust traps, settling chambers, centrifugal 
separators, electrical precipitators, and gas scrubbers, described in 
Chapter 29. 

The cinder particles are usually larger in size than the dust particles; 
they are gray or black in color, and are abrasive. Being of a larger size, 
the range within which they may annoy is limited. 

The dust particles are usually extremely fine; they are light gray or 
yellow in color, and are not as abrasive as cinder particles. Being ex- 
tremely fine, they are readily distributed over a large area by air currents. 

The nuisance created by the solid particles in the air is dependent on 
the size and physical characteristics of the individual particles. The 
difficulty of catching the dust and cinder particles is principally a function 
of the size and specific gravity of the particles. 

Lower rates of combustion per square foot of grate area will reduce the 
quantity of solid matter discharged from the chimney with the gases of 
combustion. The burning of coke, coking coal, and sized coal from which 
the extremely fine coal has been removed will not as a general rule produce 
as much dust and cinders as will result from the burning of non-coking 
coals and slack coals when they are burned on a grate. 

Modem boiler installations are usually designed for high capacity per 
square foot of ground area because such designs give the lowest cost of 
construction per unit of capacity. ^ Designs of this type discharge a 
large quantity of dust and cinders with the gases of combustion, and if 
pollution of the atmosphere is to be prevented, some type of catcher must 
be installed. 


NATURE'S DUST CATCHER 

Nature has provided means for catching solid particles in the air and 
depositing them upon the earth. A dust particle forms the nucleus for 
each rain drop and the rain picks up dust as it falls from the clouds to the 
earth. However, it was found in recent studies^ that rain was not a good 
air cleaner of the material below about 0.7 micron. 


•Atmospheric Pollution of American Cities for the years 1931-1933, by J. E. Ives et al (17. 5. Public 
HtaUh BiMetin No. 224, March, 1936). 
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Air Cleaners, Dust and Lint, Classification of Air Cleaning 
Media, Viscous Impingement Type Cleaners, Automatic 
Viscous Filters, Dry Air Filters, Electric Precipitators, Per~ 
formance and Testing, Selection and Maintenance, Safety 
Requirements, Odor Adsorption 


F or the purposes of this discussion, an air cleaner is defined as a device 
for capturing and removing solid matter from a stream of air. This 
solid matter includes fibrous material such as lint as well as particulate 
matter such as dust, fumes, smoke, cinders, etc. Air cleaning is distinct 
from air purification in that the latter consists of removing harmful or 
unpleasant gases, vapors, or bacteria from an occupied space. Air 
pollution and purification are discussed in Chapters 2 and 28. 

In general, air cleaners. are not installed in buildings for the specific 
purpose of improving the health of the occupants. However, in some 
cases air borne solid matter does affect health and the removal of such 
matter from the air by means of cleaners is beneficial, such as pollen, 
house dust, and similar allergens which motivate attacks on persons 
having allergeric sensitivity^. The toxic elements in some war gases are 
in reality fine particles capable of air flotation. 

It is known by experience that air cleaners greatly reduce the rate of 
dirt accumulation in buildings, but, in the present state of knowledge, an 
exact numerical expression for the cleaning effect of the filter cannot be' 
given on account of the many unknown or variable factors involved.' 
For this reason air cleaners are usually selected on a basis of experience or 
judgment, guided by the results of various test procedures. 

AIR CLEANERS 

A typical air cleaner consists of a frame, which may be metal, wood, 
cardboard, etc., and a filtering medium. The frame is designed to support 
the medium in a duct or chamber forming part of the air conditioning or 
ventilating system, so that the air passes through the medium while en' 
route to spaces to be ventilated. 

Unit Air Cleaners or Filters 

Many air cleaners are available in the form of units of convenient size 
for handling during installation, cleaning or replacement, where required., 

1 Bronchial Asthma and Allied Allergic Disorders, by S. S. Leopold, and C. S. Leopold (Journal of t1i$ 
American Medical Association^ March 7, 1925, Vol. p. 731-734). 
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Such units are usually designated as filters or unit filters. A typical unit 
filter may be 20 in. square and from one to several inches thick, depending 
on the manufacture and proposed use. In large systems, a number of such 
units are installed adjacent to each other and collectively are called a 
bank of filters. 

Air cleaners are commonly installed in the outdoor air intake ducts of 
buildings and, often, in the recirculating air ducts as well. The cleaner 
is logically placed ahead of heating or cooling coils and other air con- 
ditioning equipment in the system to protect them from dust. The 
character of the dust arrested by the filters in an air intake duct is com- 
monly quite different from the dust removed by filters located in the 
recirculation ducts. The dust from outside is likely to be mostly particu- 
late matter of a greasy nature, while lint may predominate in that from 
within the building. 

Settling chambers, air washers and electrostatic precipitators are also 
air cleaners. Settling chambers are used in boiler plants for capturing 
cinders, but they occupy too much space for general use in heating, air 
conditioning or ventilating systems. Unless they are inordinately large, 
they are not effective in capturing small particles, since the air velocity 
is not sufficiently reduced to permit such particles to settle. 

Air washers have generally become recognized for the purpose of 
adjusting the temperature and humidity of the air, and not so much for 
cleaning air. It happens that insofar as dirtiness is concerned, carbon is 
the most troublesome dust. Carbon particles are likely to be greasy and 
since there is a natural repulsion between grease and water, the water 
spray in an air washer is not effective to a desirable degree in capturing 
them. However, air washers do capture considerable amounts of dust 
and lint which become sludge in the sump. Much of the cleaning action 
occurs at the eliminator plates where the dust particles are thrown 
against the film of water on the plates by their momentum. 

The electrostatic precipitator is considered at present an effective 
available means of capturing the finer dust particles. This device does 
not entirely displace other types of air cleaners at the present time be- 
cause of its relatively high cost, large space requirements, and due to the 
fact that the air must enter and leave the apparatus in substantially 
parallel and straight flow. 

Dust and Lint 

Air-borne solid matter may fall into two classifications, namely, lint 
and dust or particulate matter. Some lint originates outdoors, as animal 
hair, vegetable fibers, etc,, but much is generated within buildings by the 
wear and brushing of fabrics in the form of clothes, draperies, carpets, 
etc. Lint is comparatively easy to capture in an air filter on account of 
its comparatively great length. So far as air filter performance and 
testing are concerned, lint is chiefly important on account of its tendency 
to impede or stop the flow of air through the filter. In general, lint, if 
not captured, will accumulate in comers and under furniture in a building 
in areas of slight air motion and in some cases may seriously obstruct 
heating and cooling coils. Dust settles, or is precipitated by heat or air 
motion, upon furniture, fixtures and walls and the only satisfactory treat- 
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merit is washing or re-painting. Dust is more difficult to capture than 
lint, and obviously, small particles are more difficult to capture than 
large ones. The air cleaning problem is complicated by the vast difference 
in size of dust particles, the range of which is shown in Fig. 1, Chapter 28, 

Even if the discussion is limited to the range from 0.1 micron to 50 
microns, that is between the smallest particle observable in the micro- 
scope and the smallest particle distinguishable to the naked eye, this 
range is so far outside the usual experience that it is difficult to visualize. 
If particles could be examined through a super microscope having a 
magnification of 250,000 diameters, a tobacco smoke particle of 0.1 
micron would appear to be 1 in. in diameter, or approximately the size of 
a golf ball: a soft coal smoke particle 0.3 micron in diameter would appear 
like a baseball; a ragweed pollen grain 20 microns in diameter would 
appear 16.6 ft in diameter, while the 50 micron particle, just visible to the 
naked eye and able to pass through a 270 mesh screen, would appear to 
be 50 ft in diameter. Picturing this range in particle size from a golf ball 
to a sphere 50 ft in diameter may aid in appreciating the problem of 
cleaning air and the difficulty of devising any single test to adequately 
measure the performance of air cleaning devices under all conditions of 
service. * 

It may be contended that the removal of the finer particles from venti- 
lating air is relatively unimportant insofar as cleanliness in a house or 
building is concerned, since it is possible that such particles may remain 
suspended in the air and in large part be removed from the building with- 
out settling by the circulating air. However, the fact that some of the 
particles are undoubtedly deposited by contact and by the phenomenon 
of thermal precipitation makes the ability to remove small particles 
desirable in an air cleaner. 

The fact that dust particles migrate from a warm region toward a cool 
surface, to which they will adhere, is called thermal precipitation^. This 
fact is responsible for the lath marks often observed on walls or ceilings. 
The laths form barriers to the passage of heat so that the surface of the 
plaster in front of them is warmer than the surface between them. Dust 
is therefore deposited more rapidly between joists or laths than it is in 
front of them, resulting in the streaks observed. If the entire ceiling or 
wall is insulated, the differences in temperature across the surfaces cease 
to exist. Under this condition lie lath marks do not form and the deposi- 
tion of dust is much slower. 

A laboratory apparatus has been designed in which thermal precipita- 
tion is employed to capture dust particles for microscopic examination®. 
So far as is known thermal precipitation has not yet been used as a 
practical means of cleaning air. 

CLASSIFICATION OF AIR CLEANING MEDIA 

Air cleaners of such a variety of types have been used in the past that 
a single classification is difficult. Considering the wide diversification of 
materials and particle sizes to be removed and the varying requirements 


mirt Patterns on Walls, by R. A. Nielsen (A.S.H.V.E. Transactions, VoL 46, 1941, p. 247). 
^Industrial Dust, by Philip Drinker and Theodore Hatch (McGraw-Hill Co., New York, N. Y.). 
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which have to be met in the field, it is natural that many kinds of air 
cleaning devices are used which cannot be shown satisfactorily in a simple 
outline. Classifications on three different bases are enumerated herewith : 

1. Principle of air cleaning. 

a. Viscous-impingement filters. 

b. Dry filters. 

c. Washers. 

d. Centrifugal devices. 

e. Electrical precipitators. 

2. Methods of servicing. 

a. Automatic. 

b. Non-automatic. 

(1) Throw-away (replaceable elements). 

(2) Manually cleaned in place (including one type of electrostatic). 

(3) Removable for cleaning. 

3. Classification according to applicatioh. 

a. General air conditioning. 

(1) Central cleaning system. 

(2) Unit ventilator. 

(3) Window installation. 

(4) Warm air furnace. 

b. Removal of smoke and fumes from stack gases. 

c. Collection of dusts from exhaust systems. 

VISCOUS IMPINGEMENT TYPE CLEANERS 

The medium in a viscous impingement type filter is usually a fiber pack 
for non-automatic types or a series of metal plates for automatic self- 
cleaning types. In either case, the medium is treated with a viscous 
substance, often an oil or grease, called the adhesive or the saturant^ 
intended to retain dust particles which come in contact with it. Also, in 
either case, the arrangement is such that the air stream is broken up into 
many small air streams and these are caused to abruptly change direction 
a number of times in order to throw the dust particles, by momentum, 
against the adhesive. Several desirable characteristics of an adhesive for 
air cleaners of this type are: 

1. Its surface tension should be such as to produce a homogeneous film or coating on 
the filter medium. 

2. The viscosity should vary only slightly with normal changes of temperature. 

3. It should prevent the development of mold spores and bacteria on the filter 
medium. 

4. The liquid should have high capillarity, or ability to wet and retain the dust at all 
operating temperatures. 

5. Evaporation should be slight. 

6. It should be fire resistant. 

7. It should be odorless. 

Various fibrous materials have been used as filtering media in unit 
filters of the viscous impingement type. This includes glass fiber, steel 
wool, similar wool of non-ferrous metals, wire screen, animal hair, hemp 
fibers, and other materials. In such filters, the medium is often packed 
more densely on the discharge than on the approach-side in order to 
increase the dust holding capacity. This results in a selective arrestance 
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of dust with the larger particles nearer the approach face. The arrange- 
ment also permits some penetration of lint into (but not through) tiie 
filter, so that the amount of lint which can be tolerated on the filter is 
also increased. Due to plane surface area the viscous impingement type 
filter, however, may be inferior to some dry types where the air carries a 
high percentage of lint. 

The resistance of air filters obviously increases with the air flow through 
them. For this type filter, face velocities of about 300 fpm and resistances 
in the range from 0.1 to 0.2 in. W. G., when the device is new and clean, 
are usual for ventilation system filters. Special filters with low resistances 
are available for use with gravity warm air furnaces and for other uses 
where only low pressure is available. 

The resistance of these filters increases with dust or lint loading and it 
is the resistance due to this cause which ordinarily necessitates servicing. 
The rate of loading obviously depends upon the amount as well as the 
kind of dust in the air and for this reason, periods between servicing 
cannot be predicted. Manometers are often installed to indicate the 
pressure drop across filter banks and they serve to indicate when the 
filter requires cleaning. The pressure drop tolerated differs between 
operators and system designs. The resistance of a filter bank can be kept 
desirably low by periodically servicing some but not all of the units in the 
bank at one time, providing the difference in resistance between the clean 
and dirty filters is small. 

The method of cleaning viscous impingement unit filters differs for 
different types of filters and kinds of dust. Much dry dust or lint can 
often be removed by rapping the filter. 

Throw-away filters are constructed of inexpensive materials and are 
designed to be discarded after one use. The frame is frequently a com- 
bination of cardboard and wire. 

Cleanable types usually have metal frames. Various cleaning methods 
have been recommended including: air jet, water jet, steam jet, washing 
in kerosene, and dipping in an oil. The latter may serve both to clean 
the filter and add the necessary adhesive. 

Automatic Viscous Filters 

In an automatic air filter, means are provided to remove the dust from 
the medium mechanically. Automatic filters with moving cloth media 
•have been constructed. The media is supported on rollers and moves 
slowly and continuously across the air stream and then through some 
cleaning mechanism, such as a beater, a vacuum cleaner, or a brushing 
arrangement. Such filters, however, are not now in wide use, possibly 
on account of mechanical difficulties, and because of the rapid and some- 
times permanent increase of resistance when oily matter is present. 

The medium in a typical automatic filter at present consists of a series 
of specially formed metal plates mounted on a pair of chains. The chains 
are mounted on sprockets located at the top and bottom of the filter 
housing, so that the filtering medium can be moved as a continuous 
curtain up one side and down the other side of the sprockets. The 
arrangement is such that, at the bottom, the medium passes through a 
bath of special oil which both serves to remove the dirt from the plates 
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and acts as an adhesive when the cleaned plates next pass through the air 
stream. The plates forming the filtering medium or curtain usually 
overlap each other and due to their special shape many small air passages 
are formed between them. These air passages turn abruptly one or more 
times in order to give the impingement effect. 

An electrically driven rotating device is usually supplied with an auto- 
matic filter. The device may be set to move the curtain periodically or a 
special switch, actuated by pressure drop, may be used to govern its 
motion. Such a switch will cause the gear to move the curtain when the 
resistance of the filter to air flow becomes excessive and will stop it when 
the resistance becomes sufficiently low. 

In operation, the resistance of an automatic filter will remain approxi- 
mately constant as long as proper operation is obtained. A resistance of 
5^ in. W. G. at a face velocity of 500 fpm is typical of this class. 

DRY AIR FILTERS 

As the name implies, adhesives are not used on dry air filters. The 
media in such filters are usually fabrics or fabric-like materials. Media of 
wool felt, cotton batting (both glazed and unglazed), celulose fiber and 
other materials have been used commercially. 

The medium in a filter of this class is usually supported by a wire frame 
in the form of pockets or V-shaped pleats in order to increase the area 
exposed to the passage of air. A 2 ft square unit may contain from 15 to 
30 sq ft of medium. 

Dry air filters are likely to have a comparatively high lint-holding 
capacity on account of the large area of medium used. Wool felt media 
are troublesome to clean when impregnated with greasy dust and they 
are too expensive to discard frequently. Both vacuum cleaning and dry 
cleaning have been used for reconditioning wool felt filters. 

ELECTRIC PRECIPITATORS 

The fact that a particle exposed to an electric field will assume a charge 
pid migrate toward one of the electrodes has been utilized for some years 
in boiler plants as a means of smoke abatement. More recently, means 
were developed whereby the phenomenon could be employed in air 
cleaning in connection with air conditioning without generating ozone in 
intolerable quantities. The air stream in a precipitator passes first 
through a relatively high-tension electric field, known as the ionizing field 
and then through a secondary field where the precipitation of the dust 
occurs. The arrangement is as shown in Fig. 1. 

In a typical case, a potential of 12,000 volts may be used to create the 
ionizing field, and some 5000 volts between the plates upon which the 
precipitation of dust occurs. These voltages, which are capable of shoci: 
to personnel similar to that of a spark plug, necessitate some safety 
measures. A typical arrangement provides means for automatically 
making the unit inoperative when a door to the precipitator is opened. 
To resume operation the procedure necessitates closing the door and 
turning an electric switch, the latter of which should be located at a 
reasonable distance from the equipment. The voltages necessary for the 
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operation of the precipitator are usually obtained from an alternating 
current building service line by means of a step-up transformer. Precipi- 
tation with alternating current is possible but is not nearly so effective; 
so the current is usually rectified by means of vacuum tubes. The trans- 
former and tubes are collectively termed the power pack. 

Electric precipitators are available in both automatic and non-auto- 
matic types. The plates of non-automatic precipitators are commonly 
coated with a light oil as an adhesive. Cleaning is accomplished with a 
water hose and, for this reason, the bottom of the equipment is made 
water tight and provided with a drain. In one automatic t3rpe, precipita- 
tion units are mounted on chains and are alternately dipped in oil and 
exposed to the air stream with an action similar to that of an automatic 



Fig. 1, Diagrammatic Cross-Section of Electrostatic PREapiTATOR 

impingement filter. An arrangement of sliding contacts maintains the 
necessary electric circuits. 

Only a ve^ small amount of electric ener^ is necessary to operate an 
electric precipitator and the resistance to air flow through the device is 
practically negligible. Some care is necessary in arranging the duct 
approaches on the entering and leaving sides of precipitators to a^ure 
that the air flow is distributed uniformly over the cross-sectional area. 
The efficiency of the precipitator is sensitive to air velocity and the 
device itself has much less tendency to rectify the air stream than filters, 
which have much higher resistances. 

PERFORMANCE AND TESTING 

The rating of an air cleaner is the air flow for which it is designed 
expressed in cubic feet per minute. Face velocity is defined as the average 
velocity of the air entering the cleaner, and it is determined by talking the 
air flow and dividing it by the area of the duct connection to the cleaner 
in square feet. Cleaners are often rated at a face velocity in the range 
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from 250 to 500 fpm. The resistance of an air cleaner to air flow is 
usually measured in inches water gage. The resistance of filters when new 
and clean and when operated at rated capacity are generally available 
from the manufacturer (see Catalog Data Section), 

The ability of air cleaners to clean air is called the efficiency or the 
arrestance, and may be denoted by the symbol E, The efficiency of an 
air cleaner differs with the size and nature of the dust on which the 
cleaner operates. Obviously, large particles and lint are more easily 
captured than minute particles which are small in all dimensions. The 
efficiency of an air cleaner, algebraically expressed, is: 


where 


E = 


Di — Di 

Di 


( 1 ) 


Di = amount of dust per unit volume in uncleaned air. 
D2 = amount of dust per unit volume in cleaned air. 


Several methods have been investigated for evaluating Di and D 2 - 
The particle count method is no longer used for efficiency evaluations 
except in rough field measurements or in investigation of filter perfor- 
mance on specific and comparatively large particles such as pollen. Dust 
particles can be captured on microscope slides by means of one of the 
various kinds of impingement devices. The process is useful if an inspec- 
tion and analysis of dust is desired, but particle counting is not sufficiently 
precise for evaluating the efficiency of a cleaner operating on a hetero- 
geneous dust. 

The weight method of evaluating efficiency has found wide utility and 
was recognized by the American Society of Heating and Ventilating 
Engineers and incorporated in a code^. For this test, a known weight of 
a prepared dust is injected into air supplied to the filter and the quantity 
of dust in the cleaned air is determined by extracting and weighing the 
dust from a known volume of the cleaned air. Dust extraction from the 
air is accomplished by drawing the air through a porous crucible or 
thimble by means of a high vacuum. 

The dust-spot or blackness test for cleaner efficiency was developed at 
the National Bureau of Standards^, The test consists of drawing samples 
of cleaned air and of uncleaned air through filter papers simultaneously. 
The ratio of the areas of paper through which the air samples are drawn 
and the ratio of the amount of air drawn through the papers are adjusted 
during successive trials to yield spots of approximately equal blackness 
on the papers. The ratios of the areas and of the volumes of the air 
samples are then indicators of the filters effectiveness. A special photo- 
meter is provided for comparing the blackness or opacity of the papers 
by tr^smitted light. For tests, of ordinary air filters by this metiod, a 
dust is injected into the air stream. The dust consists of precipitated 
smoke particles from a Cottrell precipitator used in a local power plant 
for smoke abatement. For tests of electrostatic air cleaners, no dust is 


<A.S.H.V.E. Standard Code for Testing and Rating Air Cleaning Devices Used in General Ventilation 
Work (A.S.H.V,E. TitANSAcnoNS, Vol. 39, 1933, p. 225). 

*A Test Method for Air Filters, by Richard S. Dill (A.S.H.V.E, Transactions, Vol. 44, 1938, p. 379). 
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added to the air. Tests are commonly made with the dust existing in the 
air at the location of the installation on a clear day. Some specifications 
for this type cleaner have required that dust spots of equal area shall be 
taken, and that the downstream spot shall not be any dirtier than the 
upstream spot when 10 times as much air is drawn through it as is drawn 
through the upstream spot. When this condition is met the cleaner is 
said to have an efficiency or arrestance of 90 per cent or better on atmos- 
pheric air. 

Dust-holding capacity is defined as the amount of dust which a filter 
can retain and have a resistance less than some arbitrary value. The term 
applies only to non-automatic air cleaners. Determination of dust- 
holding capacity is an objective of each test under the A.S.H.V.E. 
Standard Code®. Curves are obtained during such tests to show the 
relation between dust load and resistance. Typical curves are shown in 
Fig, 2. Type A is a dense pack used in bacterium control; Type B is a 



Fig. 2. Resistance to Air Flow Typical Unit Air Filters 

medium pack used for general ventilation work; and Type C is a low 
resistance unit, for use where low resistance is the important factor and 
maximum cleaning efficiencies are not essential. 

At the National Bureau of Standards two injectors are provided on the 
air cleaner testing apparatus. One injector is used to contaminate the 
air stream with Cottrell precipitate, previously described. This dust is 
used to make both efficiency determination and dust-holding capacity 
tests. The other injector contaminates the air stream with cotton linters 
with which lint-holding capacity tests are made. •'*The curves in Fig. 3 
illustrate the difference in the characteristics of two filters, one a viscous- 
impingement type and the other a dry filter with a celulose fiber medium. 
The two injectors can be operated either separately or simultaneously. 
A total dust deposit of 4 per cent cotton linters and 96 per cent Cottrell 
precipitate gives a. deposit on a filter closely resembling those that occur 
in Washington, D. C. 

SELECTION AND MAINTENANCE 

If effectiveness in arresting dust were always the primary consideration, 
an electrostatic cleaner might be used for all air cleaner installations. 


«Loc. Cit Note 4. 
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Where the dust load is heavy, a filter bank may be installed ahead of the 
precipitator. At the present time electrostatic equipment is comparatively 
expensive and bulky and is therefore only used when the expense is 
justified by the need for the cleanest air possible. 

The. advantage of the automatic impingement type filter consists in the 
small amount of attention which it requires. Such devices are therefore 
to be recommended where labor is scarce or where reliable and frequent 
attention to filters cannot be assumed. This type of equipment is not any 
better in dust arrestance than some unit filters, and it ranks next to 
precipitators in first cost. 

Unit filters constitute the majority of air cleaners now in use, and some 
choice is possible between the types available. Where lint in an eminently 
dry state predominates, a dry filter obviously may be preferable to other 
types on account of its lint-holding capacity. If the lint is greasy or if 



oil vapor exists in the air, the dry filter may be troublesome, since grease 
tends to plug such filters and makes them difficult to clean, if tiey are of 
the cleanable type. The cleaning difficulty is avoided if a throw-away 
type of medium is used. Some dry filters are capable of high efficiencies, 
compared to other unit filters on fine particles, but their dust-holding 
capacity for such dust may be inferior to that of the viscous iihpinge- 
ment type. 

Viscous impingement unit filters represent the general type of air 
cleaner now in use. They have approached standards in size and their 
over-all dimensions are small when compared with their ratings. 

Throw-away units are often installed in series so that the one in front, 
which usually becomes plugged with lint, can be discarded. The one 
located downstream is then moved to the front and is replaced by a 
new unit. 

Viscous impingement unit filters do not have efficiencies as high as can 
be expected with some other types of unit filters, but their first cost and 
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Upkeep are generally lower, whether of the cleanable or the throw-away 
t^e. The viscous impingement unit filter requires more careful attention 
than the automatic oil type if the resistance is to be maintained within 
reasonable limits. 


Safety Requirements 

An investigation of safety ordinances should be made by the engineer 
when the installation of an air cleaner of any considerable size is con- 
templated. It is possible that a combustible filtering media may not be 
permitted in accordance with some existing local regulations. Combus- 
tion of dust and lint on a filtering medium is possible, though the medium 
itself may not burn. 



ADSORPTION OF VAPORS 

r Activated carbon will adsorb organic vapors from air in connection 
with air conditioning. Cocoanut shell carbon employed for this purpose 
is a hard, granular, porous substance with the power of adsorbing vapors 
and minute droplets from air and under favorable conditions adsorbs 
some substances to the extent of 60 per cent of its own weight. 

The air is circulated at a rate of 30 to 50 fpm through a granular carbon 
thickness of ^ to in. The resistance of the carbon varies with the 
velocity as shown in Fig. 4. 

Eventually, the carbon approaches saturation and must be reactivated 
or revivified by heating to drive out the adsorbed impurities. Re- 
activation consists essentially of applying heat continuously in increasing 
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amounts until the carbon has given up all of the adsorbed gases and 
vapors. The ultimate temperature necessary will depend upon the 
boiling point and critical temperature of the adsorbed substances and may 
be as high as 1000 F in which case it would be necessary to apply the heat 
in the absence of air. The carbon used should be of a type which will 
withstand repeated reactivation without loss or deterioration. Steam is 
the usual heating medium. 
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I N heating and ventilating practice, fans are used to produce air flow 
except where positive displacement is required, in which case com- 
pressors or rotary blowers are used. All fans or blowers are classified 
according to the direction of air flow through the fan with relation to the 
axis of rotation and are either of the (1) axial flow or propeller type, in 
which the flow is parallel to the axis or (2) radial flow or centrifugal type, 
in which the flow is parallel. to the radius of rotation. 

Axial flow fans are made with various numbers of blades, the latter 
varying widely in form. The blades may be of uniform thickness and 
made of cast or sheet metal, and either flat or cambered or of screw form; 
or they may vary in thickness, in the latter case usually being designed to 
conform to so-called airfoil sections of known characteristics, similar to 
those which have been developed for airplane propellers. Likewise, 
blade angle, or the angular relation of the blades to the plane of rotation, 
varies over a wide range. For operation against comparatively high 
pressures, it is customary to resort to enlarged hubs in proportion to fan 
diameter (large hub ratio) and correspondingly short blade length. The 
term disc fan has sometimes been loosely applied to such large hub fans, 
though it has long been generally used in connection with any propeller 
fan of comparatively short axial length whose blades are relatively flat; 
in other words, for fan wheels which occupy a space which is more or less 
disc-shaped. 

Radial flow or centrifugal fans include steel plate fans, pressure blowers, 
cone fans, and the so-called multiblade fans. All the foregoing types have 
variations which may be obtained by modification of the proportions or 
change in the curvature and angularity of the blades. The angularity of 
the blades determines the operating characteristics of a fan; a forward 
curved blade is found in a fan having slow speed operating characteristics, 
while a backward curved blade is found in a fan having high speed 
operating characteristics. 

A wide variation exists in the demands which have to be met by fan 
installations. A fan may be required to move large quantities of air 
against little or no resistance or it may be required to move small quanti- 
ties against high resistances. Between these two extremes innumerable 
specific requirements must be met. In general, fans of all types in each 
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general class can be made to perform the same duty, although mechanical 
difficulties, noise or lack of efficiency may limit the use to one or another 
type. Until a few years ago, the most common field of service for fans of 
the propeller type was in moving air against moderate pressures, where no 
long ducts were involved, or no heavy frictional resistance had to be 
overcome. However, recent developments in the design of axial flow fans 
based on the application of aero-dynamic principles, and furthermore, the 
use of multi-stage fans, have greatly increased the range of pressures 
against which the modern propeller fan can be applied. Single stage axial 
flow fans of moderate diameter are now available to operate against 
static pressures of 3 and 4 in. of water, while maintaining moderate noise 
levels. These pressures are readily doubled by the simple device of 
double staging. In multi-stage units, intermediate guide vanes are 
employed to properly redirect the air discharged by the first stage into 
the second stage wheel. In the most common form of two-stage axial 
flow fan, the motor is provided with shaft extensions on each end, one 
carrying the first stage fan, and the other the second stage. The motor is 
supported radially from a cylindrical casing and the intermediate guide 
vanes are mounted in the annular space around the motor. 


FAN PERFORMANCE 

Fans of all types follow certain laws of performance which are useful in 
determining the effect of changes in the conditions of operation. These 
laws apply to installations comprising any type of fan, any given piping 
system and constant air density, and are as follows; 

1. The air capacity varies directly as the fan speed. 

2. The pressure (static, velocity, and total) varies as the square of the fan speed. 

3. The power demand varies as the cube of the fan speed. 

Example U A certain fan delivers 12,000 cfm at a static pressure of 1 in. of water 
when operating at a speed of 400 rpm and requires an input of 4 hp. If in the same 
installation 15,000 cfm are desired, what will be the speed, static pressure, and power? 

Speed = 400 X = 500 rpm 

Static pressure = 1 X == 1-56 in. 

Power = 4 X = 7,81 hp. 


When the density of the air varies the following laws apply: 

4. At constant speed and capacity the pressure and power vary directly as the 
density. 


Example 2, A certain fan delivers 12,000 cfm at 70 F and normal barometric pressure 
(density 0.075 lb per cubic foot) at a static pressure of 1 in. of water when operating at 
400 rpm, and requires 4 hp. If the air temperature is increased to 200 F (density 0.0602 
lb) and the speed of the fan remains the same, what will be the static pressure and 
power? 

Static pressure = 1 X = 0.80 in. 


Power = 4 X 


0.0602 

0.075 


3.20 hp 


566 




CHAPTER 30. FANS 


5. At constant pressure the speed, capacity and power vary inversely as the square 
root of the density. 

Example S. If the speed of the fan of Example 2 is increased so as to produce a static 
pressure of 1 in. of water at the 200 F temperature, what will be the speed, capacity, 
and power? 

Speed = 400 X 


Capacity = 12,000 X ^ ~ (measured at 200 F) 

Power = 4 X 4 / ^P‘ 

^ 0.0602 

6. For a constant weight of air: 

(а) The speed, capacity, and pressure vary inversely as the density. 

(б) The horsepower varies inversely as the square of the density. 

Example 4- If the speed of the fan of the previous examples is increased so as to 
deliver the same weight of air at 200 F as at 70 F, what will be the speed, capzicity, 
static pressure, and power? 

Speed =■ 400 X = 498 rpm 

Capacity = 12,000 X n 'haM “ 14,945 cfm (measured at 200 F) 

U.UoUJ 

Static pressure = 1 X = 1.25 in. 


V 0.075 „ 
0.0602 


446 rpm 


Power = 4 X 



6.20 hp. 


FAN EFFICIENCY 


The efficiency of a fan may be defined as the ratio of the horsepower 
output to the horsepower input. 

The horsepower output is expressed by the formula: 


Air Horsepower^ = 


cfm X total pressure in inches of water 
6356 


( 1 ) 


When the static pressure is used in the computation in place of total 
pressure it is assumed that this represents the useful pressure and that 
the velocity pressure is lost in the piping system and in the air which 
leaves the system. Since in most installations a higher velocity exists at 
the fan outlet than at the point of delivery into the atmosphere, some of 
the velocity pressure at the fan outlet may be utilized by conversion to 
static pressure within the system, but, owing to the uncertainty of friction 
losses which occur at the places where changes in velocity take place, the 
amount of velocity pressure which is actu^ly utilized is seldom known, 
and the static pressure alone may best represent the useful pressure. 
In the steindards for published capacity tables as adopted by the National 
Association of Fan Manufacturers^ the term static pressure refers to the 


iSee standard Test Code for Centrifugal and Axial Fans. Third Edition of 1938. 
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true resistance to air flow. Such tables charge both the inlet and outlet 
velocity of the fan, to the fan performance, and may be used directly 
where the static pressure of the system as calculated represents only the 
actual resistance to flow of the air. 

The efficiency based upon static pressure is known as the static efficiency 
and may be expressed as follows: 


Static efficiency^ = 


cfm X static pressure in inches of water 
6356 X Horsepower input 


( 2 ) 


Different fans may develop the same capacity against the same static 
pressure and with the same power input, and therefore operate at the 
same static efficiency, while maintaining different outlet velocities. Where 
a high outlet velocity is desirable or can be utilized effectively, the static 



AIR VOLUME, CUBIC FEET PER MINUTE IN THOUSANDS 


Fig. 1. Typical Fan Performance Curve 

efficiency fails to be a satisfactory measurement of the performance. In 
many applications of propeller fans, air is circulated without encountering 
resistance and no static pressure is developed. The static efficiency is 
zero and its calculation is meaningless. Because of such situations where 
the static efficiency fails to indicate the true performance, many engineers 
prefer to base the calculation of efficiency upon the total pressure. This 
efficiency is variously known as the total, or mechanical efficiency, and 
may be expressed as follows: 

Mechanical or Total efficiency* = (3) 

6356 X Horsepower input ' 

CHARACTERISTIC CURVES 

^ . .'In the operation of a fan at a fixed speed the static and total efficiencies 
yary with any change in the resistance which is imposed. With diff.erent 
designs the peak of efficiency occurs when the fans deliver different per* 
centages of their wi.de-open capacity. Variations in efficiency accoippany 
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variations in pressures and power consumption which are characteristic of 
the individual designs and which are influenced particularly by the shape 
and angularity of the blades. Such variations in pressure, power, and 
efficiency are shown by characteristic curves. 

Characteristic curves of fans are determined by tests performed in 
accordance with the Standard Test Code for Centrifugal and Axial Fans® 
prepared jointly by the American Society of Heating and Venti- 
lating Engineers and the National Association of Fan Manufacturers, 
The results of tests are plotted in different ways : the abscissae may be the 
ratio of delivery, assuming full open discharge as 100 per cent, and the 
ordinates may be static pressure, total pressure, horsepower and efficiency. 
A typical fan performance curve is shown in Fig. 1. 



Fig. 2. Operating Characteristics of an Axial Flow Fan 
With Blades of Uniform Thickness 


In the selection of all but very small fans, power consumption is usually 
a major consideration. It must be borne in mind that the horsepower at 
peak efficiency alone may be misleading, as actual operation is apt to 
occur at some point on the pressure-volume curve varying considerably 
from that specified, due to inaccuracies of the estimated system resistance 
or to fluctuating resistance caused by damper or louver adjustments. To 
cope with such variations a fan should be selected having a high efficiency 
over a wide range, that is, a flat or broad efficiency curve is more desirable 
than a sharp or narrow curve which, though reaching a high peak, falls off 
rapidly to either side of a narrow range. When the point of operation 
varies only within narrow limits and both volume and pressure require- 
ments are accurately known in advance, the designer can select a fan 
operating at maximum efficiency, irrespective of performance over the 
entire range. 

Generally fans are selected either at the peak of the static efficiency or 
to the right of the peak depending on the requirements of the particular 

*A.S.H.V.E. Transactions, Vol. 29, 1923, p. 407, Amended in A.S.H.V.E. Transactions, Vbl. 37 
1931, p. 363, Third Edition of 1938, 
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selection. Fans selected to the right of the peak will be smaller but will 
require more power, run at higher speeds and have a higher sound rating. 
Where first cost is important and added horsepower and noise are not 
important, smaller fans may be used. Where efficient and quiet opera- 
tion are most important, fans are selected at or near the peak of the static 
efficiency curve. Fans are not ordinarily selected to the left of the peak 
of the static efficiency curve as this results in larger, more costly fans, 
requiring more power and in some cases producing objectionable noise. 

The curves shown in Figs. 2, 3, 4 and 5 show operating characteristics 
for various types including the backwardly inclined blade design for 
comparison purposes. These curves are not applicable for rigid com- 
parison or actual selection and are shown to indicate the variations in 
operating characteristics. 



Axial flow fans having blades of uniform thickness at any given radius 
are characterized by rapid rise in power consumed as the resistance in- 
creases, as illustrated in Fig. 2. When operating against high resistance, 
this type of blade permits some of the air to pass back between the blades 
near the hub, where blade speed is much lower than near the tip or peri- 
phery. Obviously, a fan of such characteristics should only be used 
against low resistance. 

The curves in Fig. 3 show the characteristics of typical axial flow fans, 
with airfoil design. This type of fan shows characteristics of non-over- 
loading horsepower and high efficiency at relatively high static pressure, 
as contrasted with a fan blade of uniform thickness. These results are 
obtained by more uniform pressure throughout the blade annulus, so 
that back flow does not occur until high pressures are reached. This 
reduction in turbulence also has a tendency to reduce noise. Fans of this 
type are now available, operating against static pressures up to 3 and 4 in. 
water, single stage and 6 to 8 in. water, double stage. The capacity and 
efficiency of axial fans can be improved, particularly when operating 
against considerable pressure, by the use of either inlet or outlet guide 
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vanes or both. Generally, the effect of such vanes is to increase the 
level of the pressure- volume curve, and properly designed vanes on the 
discharge side of the fan have the advantage of eliminating the rotational 
component of the air stream, thus quickly restoring uniform axial flow. 
As high pressures usually require large hubs in proportion to the fan 
diameter, performance is improved by the use of round-nosed or conical 
forms mounted coaxially with the direct-connected fan (sometimes 
partly or wholly enclosing the motor) so as to make the changes in velo- 
city to and from the fan blade annulus as space conditions permit. When 
axial flow fans are installed in ducts, provisions may also be made to 
install the driving motor outside the duct, by employing slots in the duct 
to permit a belt drive from the motor to the fan sheave. 



Fig. 4. Operating Characteristics of a Fan with Blades Curved Forward 


The straight blade {paddle-wheel) or partially backward curved blade 
type of fan is seldom used for ventilation. Its use is largely confined^ to 
such applications as conveyors for material, or for gases containing 
foreign material, fumes and vapors. The open construction and the few 
large flat blades of these wheels render them resistant to corrosion and 
tend to prevent material from collecting on the blades. This type of fan 
has a good efficiency, but the power steadily increases as the static pressure 
falls off, which requires that the motor be selected with a moderate reserve 
in power to take care of possible error in calculation of duct resistance. 

The forward curve multiblade fan and the backward curve types are 
used extensively in heating and ventilating work. The forward curve 
type has a low peripheral speed and a large capacity, and is quiet in 
operation. (See Fig. 4.) The point of maximum efficiency for this fan 
occurs near the point of maximum static pressure. The static pressure 
drops consistently from the point of maximum efficiency to full open 
operation. The power curve rises continually from- low to peak capa- 
city and if reasonable care is exercised in calculating resistance, a 
moderate reserve in power in the motor selection will prevent overloading. 
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The backward curve types would include the full backward curve 
blade and the double curve blade having a forward curve heel and a back- 
ward curve tip. These types have steeii* pressure curves and non-over- 
loading power characteristics and relatively high speed. (See Fig. 6.) 
These fans operate at a peripheral speed approximately 176 per cent of 
the forward curve multiblade types for like results. Pressure curves 
begin to drop at very low capacity and continue to fall consistently to 
full outlet opening. The steep pressure curves tend to produce nearly 
constant capacity under changing pressures. Where wide fluctuations 
in demand occur, this type of fan is desirable to prevent overloading of 
motors. The maximum power requirement occurs at about the maximum 
efficiency. Consequently a motor selected to carry the load at this point 
will be of sufficient capacity to drive the fan over its full range of capa- 



cities^ at a given speed. The high speed of this type makes it adaptable 
for direct connected electric motor drives. The dimensional bulk of this 
type of fan is usually greater than that of the forward curve multiblade 
type. The newer designs of these backward curve types have proven to 
be extremely quiet. 

Between the extremes of the forward and backward curve blade type 
centrifugal fans, a number of modified designs exists, differing in angu- 
larity and in the shape of the blades. Characteristic curves lof these 
types show varying degrees of resemblance to the curves of Figs. 4 and 6. 

SYSTEM CHARACTERISTICS 

Any ventilating system consisting of duct work, heaters, air washers, 
filters, etc., has a system characteristic which is individual to that system 
and is independentof any fan which may be applied to the system. ' This 
characteristic may be expressed in curve form in exactly the same manner 
that fan characteristics may be shown. Typical system characteristic 
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curves are shown zs Ay B and C in Fig. 6. These curves are drawn to 
follow the simple parabolic law in which the static pressure or resistance 
to flow of air varies as the square of the volume flowing through the 
system. Heating and ventilating systems follow this law very closely and 
no serious error is introduced by its use. 

When a constant speed fan curve for a given size fan is super-imposed 
upon a system characteristic curve, the relation between the two is at 
once apparent. The only point common to the two curves is the point at 
the intersection of the system characteristic curve and the fan character- 
istic curve, and it is at this point that the combination will operate. In 
Fig. 6, curves .4, B and C cross the fan characteristic curve at points X, 
Y and Z. This means that when the fan whose curve is shown is applied 



Fig. 6. Parabolic System Characteristic Curves 


to system 41, 10,000 cfm will flow through the system. If it is applied to 
system B, 13,000 cfm will flow, and applied to system C, 16,400 cfm 
will flow through that system. 

The curves in Fig. 6 also illustrate the effect of errors which may be 
determined by calculating the resistance of a ventilating system. For 
instance, a given system requires 13,000 cfm and the resistance to flow 
of the system has been compqted as 1.25 in. static pressure. Such a 
system may be represented by curve B in Fig. 6. Assume that 100 per 
cent error has been made and the resisteince calculated should have been 
2.5 in. instead of 1.25 in. Then the system would be as shown in curve A. 
This new system curve crosses the fan curve at 10,000 cfm. Such an 
error would result in the flow of air being decreased from a design volume 
of 13,000 cfm to 10,000 cfm. In case the resistance to flow had been over 
estimated and instead of 1.25 in. being required, actually the resistance 
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should have been 0.625 in., this would correspond with a system curve 
as shown at C and on this curve the fan would deliver 16,400 cfm to 
the system instead of the design volume of 13,000 cfm. 

In this example extreme errors have been selected to emphasize the 
effect the square function of the system characteristic has in maintaining 
the fan performance within comparatively narrow limits. In the first 
example a system estimated at half what it should have been, resulted in 
a drop of 23 per cent in volume; and in the second example, a system 
estimated at twice what it should have been resulted in an increase of 
26 per cent in volume. 

In some instances fans may be applied to variable flow systems. In 
such cases the limiting systems may be plotted and the effect on fan 
performance examined. For instance, a system might vary between 
system A, shown in Fig. 6 as one limit; and system B as the other limit. 
The fan performance will then fall between points X and Y on the fan 
curve at a point determined by the system characteristics at that par- 
ticular time. If curves A and B are the limiting systems, the fan per- 
formance will never be outside the points X or F. 

SELECTION OF FANS 

The following information is required to select the proper type of fan : 

1. Cubic feet of air per minute to be moved. 

2. Static pressure required to move the air through the system. 

3. Type of motive power available. 

4. Whether fans are to operate singly or in parallel on any one duct. 

5. What degree of noise is permissible. 

6. Nature of the load, such as variable air quantities or pressures. 

In order to facilitate the choice of apparatus, the various fan manu- 
facturers supply fan tables or curves which usually show the following 
factors for each size of fan operating against a wide range of static 
pressures: (1) volume of air in cubic feet per minute (68 F, 50 per cent 
relative humidity, 0,075 Ib per cubic foot), (2) outlet velocity, (3) revo- 
lutions per minute, (4) brake horsepower, (5) tip or peripheral speed, and 
(6) static pressure. The most efficient operating point of the fan is 
usually shown by either bold-face or italicized figures in the capacity 
tables. 

Other important factors to be considered in selecting fans are: (1) 
efficiency, (2) space occupied, (3) sound emission, (4) first cost, and 
(5) speed (both peripheral and revolutions per minute). These factors 
are not necessarily shown in the order of importance. In some instal- 
lations space occupied may be of first importance. In others lowest 
power consumption is desirable. In many crises quietness of operation 
of the entire system is essential. Practically all fains operate at their 
lowest sound level when selected at or near the peak of the static efiSciency 
so that in selecting a fan for highest static efficiency the quietest operating 
range of the fan will also be obtained- Tables 1 and 2 show desirable 
outlet .velocities and tip speeds, or peripherad velocities, for various static 
pressures. Fans selected accordingly will operate at or near the peak of 
the static efficiency with resulting low power consumption and noise 
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Table 1. Good Operating Velocities and Tip Speeds for Forward Curved 
Multiblade Ventilating Fans 


Static Pressure 

Inches of Water 

Outlet Velocity 

Feet per Minute 

Tup Speed 

Feet per Minute 

Vi 

1 1000-1100 

1620-1700 

Vb 

1000-1100 

1760-1900 


, 1000-1200 

1970-2150 


1200-1400 

2225-2450 

H 

1300-1500 

2480-2700 

H 

1400-1700 

2660-2910 

1 

1500-1800 

2820-3120 


1600-1900 

3162-3450 

IH 

1800-2100 

3480-3810 

m 

1900-2200 

3760-4205 

2 

2000-2400 

4000-4500 

2H 

2200-2600 . 

4250-4740 

2H 

2300-2600 

4475-4970 

3 

2500-2800 

4900-5365 


levels. Smaller fans with higher outlet velocities may be used if the 
installation requirements are such as to warrant the additional power 
and increased sound level. When space for duct expansion from a fan 
outlet is not available there may be advantages in selecting a larger fan 
for reducing duct noises, although lower outlet velocities generally result 
in lower fan efficiencies which cannot always be justified on the basis of 
increased cost and space requirements. 

Having selected a fan for its quietest operating point consistent with 
the requirements of the installation, it must be recognized that ventilating 
fans, even so selected, emit noise and precautions must be taken in the 
installation of the fans to prevent this noise from being transmitted to 
occupied portions of the building. Fans operating against high static 
pressures produce more noise than fans operating against low static 
pressures. Consequently, from a noise standpoint, the system should be 
designed to operate against the lowest static pressure possible. In many 
modem air conditioning systems it is necessary to introduce devices into 
the air stream for conditioning the air in various ways, the result of which 

Table 2. Good Operating Velocities and Tip Speeds for Multiblade Ventilating 
Fans with Backward Tipped and Double Curved Blades 


Static Pressure 

Inches op Water 

Outlet Velocitt 

Feet PER Minute 

Tip Speed 

Feet PER Minute 

H 

800-1100 

2600-3100 

H 

800-1150 

900-1300 

3000-3500 

3400-4000 

ys 

1000-1500 

3800-4500 

H 

1100-1650 

4200-5000 

Vb 

1200-1750 

4500-5300 

1 

1200-1900 

4800-5750 

,1M 

1300-2100 

5300-6350 

m 

1400-2300 

5750-6950 

m 

1500-2500 

6200-7550 

2 

1600-2700 

6650-8050 

2Ji 

1700-2800 

7050-8550 

2H 

1800-2950 

7450-9000 

3 

2000-3200 

8200-9850 
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is to set up a rather high static pressure against which the fan must 
operate. In such cases the sound level at the fan may be too high to be 
neglected and special sound treatment of the installation must be con- 
sidered. When a fan is operating against higher pressures it should be 
located in a room either removed from the occupied areas, or in a room 
which has been acoustically treated to prevent sound being carried through 
the walls to adjoining spaces. The fan should be mounted on a resilient 
base along with its driving motor to absorb any noise or vibration which 
might be transmitted to the floor and thence to the building structure. 
All ducts should be connected to fans with unpainted canvas, or other 
flexible material, to prevent any vibrations being transmitted to the duct 
work. Ducts leading into the fan room or from the fan, should be 
acoustically treated on the interior and in special cases, should be pro- 
vided with sound traps or filters. Many ventilating systems encounter 
noises which are connected with the fan in no way. Noises due to high 
duct velocities, abrupt turns, grilles, etc., may be present. Treatment of 
such problems is covered in Chapter 33. 

FAN DESIGNATIONS 

Facing the driving side of the fan, blower, or blast wheel, if the proper direction^ of 
rotation is clockwise, the fan, blower, or blast wheel will be designated as clockwise. 
If the proper direction of rotation is counter-clockwise, the designation will be county- 
clockwise. (The driving side of a single inlet fan is considered to be the side opposite 
the inlet regardless of the actual location of the drive.)* 

This method of designation will apply to all centrifugal fans, single or double width, 
and single or double inlet. Do not use the word harid but specify clockwise or counter- 
clockwise. 

The discharge of a fan will be determined by the direction of the line of air discharge 
and its relation to the fan shaft, as follows: 

Bottom horizontal: If the line of air discharge is horizontal and below the shaft. 

Top horizontal: If the line of air discharge is horizontal and above the shaft. 

Up blast: If the line of air discharge is vertically up. 

Down blast: If the line of air discharge is vertically down. 

All intermediate discharges will be indicated as angular discharge as follows: 

Either top or bottom angular up discharge or top or bottom angular down discharge, 
the smallest angle made by the line of air discharge with the horizontal being specified. 

In order to prevent misunderstandings, which cause delays and losses, 
the arrangements of fan drives adopted by the National Association of 
Fan Manufacturers and indicated in Fig. 7 are suggested. 

If double width, double inlet fans are selected, care must be taken that 
both iijlets have the same free area. If one inlet of a fan is obstructed 
more than the other, the fan will not operate properly, as one half of the 
wheel will deliver more air than the other half. The backward curved and 
double curved types with backward tip operate satisfactorily in double or 
in parallel operation. 

FAN CONTROL 

In some heating and ventilating systems it is desirable to vary the 
volume of air handled by the fan, which may be accomplished by a number 
of methods. Where the change is made infrequently, the pulley or sheave 


•Recommendations adopted by the National Associatiom of Fan Manufacturers, 

577 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


on the driving motor, or fan, may be changed to vary the speed of the fan 
thus altering the air volume. Dampers may be placed in the duct system 
to vary the volume. Variable speed pulleys or transmissions, such as fan 
belt change boxes or hydraulic couplings, may be used to vary the fan 
speed. Variable speed motors and variable fan* inlet vanes may also be 
used to adjust the fan volume. All of these methods will give control. 
From a power consumption standpoint, a reduction of the fan speed is 
most efficient. Inlet vanes save some power and dampers save the least. 
From the standpoint of first cost, dampers usually are the lowest in cost. 
In some installations adjustments of volume are desirable at various 
times during the day or continuously. In others an increased supply of 
air in summer over that needed in winter is demanded. The demands of 
each case will dictate which type of control is most desirable. Where 
noise is a factor, lowering the fan speed if possible is preferred as a control 
means, because of the resulting reduction in sound level. 

MOTIVE POWER 

Heating and ventilating fans are usually driven by electric motors, 
although they may be driven by gasoline or oil engines, steam engines or 
turbines. Fans may be direct-connected to the operating unit, b^ut it is 
the usual practice to use belt driven fans for large units. 

In selecting the size motor to be used, it is general practice to provide a 
rather liberal allowance over the actual fan power required when fan has a 
rising horsepower characteristic. Actual static pressures may vary from 
those estimated and if less than estimated, the fan may deliver more air 
than required and take more power. Justification for liberal power 
provision exists also in the possibility of varying demand, due to change 
in ventilation requirement, intensity of occupation and weather con- 
ditions. The degree of allowance may vary with fan types due to their 
inherent characteristics. The backward curved blade type fan requires 
maximum power at or near the peak of the efficiency, hence this fan 
would require less allowance in driving power than other types not 
having this characteristic. Reference to Fig. 5 indicates that there is no 
justification for allowing large spare motor capacity, and it is generally 
more economical to operate motors well loaded. 
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^l^idtnLuiion 


Standards for Satisfactory Conditions, Definitions, Mechanics 
of Air Distribution, Types of Supply and Return Openings, 

Outlet Locations, Return and Exhaust Grilles, Specihc Ap- 
plications, Balancing the System 

C orrect air distribution contributes as much or more to the success 
of a forced air heating, ventilating, cooling or air conditioning system 
as does any other single factor. The scope of the chapter is limited to the 
air distribution within the conditioned space. Reference is made to the 
distributing duct system only insofar as it affects the performance of the 
air distribution outlet. See Chapter 32 for information on air duct design. 

STANDARDS FOR SATISFACTORY CONDITIONS 

The air distribution problem consists of distributing air as a cooling, 
heating, drying, moistening or ventilating medium in a designated space 
within accepted limits of air motion, temperature variation, temperature 
fluctuation, direction, humidity and noise. Reference should be' made to 
Chapter 2, Physiological Principles, for the accepted standards on room 
temperature, humidity, air motion and direction. Material in Chapter 33, 
Sound Control, covers acceptable room noise levels and noise generated 
by air outlets. 

Variations from accepted standard limits of each element may result 
in discomfort to the occupants. Neglecting noise, discomfort complaints 
usually arise from draftiness, or stuffiness. A draft may be defined as an 
air current which, due to its temperature, humidity, or motion, removes 
more heat from a body surface than is usually dissipated. Although 
stuffiness may be attributed to odors, the complaint of stuffiness usually 
results from a person feeling too warm. Outside of localized sensation, 
such as caused by a single down draft, draftiness and stuffiness may be 
considered functions of effective temperature, which of course takes in 
the factors of air temperature, motion and humidity. X>raftiness can be 
associated with too low an effective temperature, and stuffiness with too 
high an effective temperature. Therefore, satisfactory comfort conditions 
are the result of minimizing the factors of temperature variation, tem- 
perature fluctuation, gusts, air motion and noise. 
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Definitions 

1. Supply Opening or Outlet: Any opening through which air is delivered into a 
space which is being heated, or cooled, or humidified, or dehumidified, or ventilated. 

2. Exhaust Opening: Any opening through which air is removed from a space which 
is being heated, or cooled, or humidified, or dehumidified, or ventilated. 

3. Outside Air Opening: Any opening used as an entry for air from outdoors. ■ 

4. Grille: A covering for any opening and through which air passes. 

6. Damper: A device used to va^ the volume of air passing through a confined 
cross-section by varying the cross-sectional area. 

6. Multiple Louver Damper: A damper having a number of adjustable blades. 

7. Single Louver Damper: A damper having one adjustable blade. 

8. Face: A grille with provision for attaching a damper. 

9. Register: A face with a damper attached. 

10. Flange: The portion (either integral or separate) of a grille, face, or register 
extending into the duct opening for the purpose of mounting. 

11. Frame: The portion (either integral or separate) of a grille, face, or register 
extending around the duct opening for the purpose of mounting. 

12. Margin: The mar^n of a grille, face, or register is one-half of the difference 
between the duct dimension and overall dimension measured either horizontally or 
vertically. 

13. Fret: The member separating the openings of a grille, face, or register. 

14. Free Area: The total minimum area of the openings in the grille, face, or register 
through which air can pass. 

15. Core Area: The total plane area of the portion of a grille, face, or register bounded 
by a line tangent to the outer edges of the outer openings through which air can pass. 

16. Mean Area: The total of the core and free areas divided by two. 

17. Duct Area: The area of a cross-section of the duct based on the inside dimensions 
at the point where the grille, face or roister is mounted. 

18. Percentage Free Area: The ratio of the free area to the core area expressed in 
percentage. 

19. ^ Aspect Ratio: The ratio of length of the core of a grille, face or register to 
the width. 

20. Throw: The distance air will carry measured along the axis of an air stream from 
the supply opening to the position in the stream at which air motion reduces to 50 fpm. 

21. Envelope: The outer boundary of an air stream. 

22. Drop: The vertical distance the lower edge of the air stream drops between the 
time it leaves the outlet and reaches the end of its throw Qi in ft) . 

23. Rise: The converse of drop. 

24. Induction: The entrainment of room air by the air ejected from the outlet. 

25. Primary Air: The air leaving an outlet (Qi in cfm). 

26. Secondary Air: The room air picked up by the primary air through induction 
{Qi in cfm). 

"27. Total Air: The mixture of primary and secondary air (Qs in cfm). 

28. Induction Ratio: The total air divided by the primary air equals r, or Qz/Qi- 

29. Outlet Velocity: The average air velocity emerging from the outlet (Vi in fpm) 
measured at the plane of the opening. 

30. Terminal Velocity: The average air stream velocity at the end of the throw 
(Ft in fpm). 

31. Horizontal Spread: The divergence of the air stream in the horizontal plane 
after it leaves the outlet (Degrees). 

32. Vertical Spread: The divergence in the vertical plane (Degrees). 

33. Temperature Differential: Temperature difference between primary and room 
air (fr - ias). ^ 

34. Vane Ratio: The ratio of depth of vane to shortest opening width between two 
adjacent grille bars. 
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MECHANICS OF AIR DISTRIBUTION 

In the mechanics of air distribution, two major problems are involved: 
(1) complete mixing of the primary air and room air outside of the zone 
of occupancy and (2) counteraction of the natural convection and radia- 
tion effects within the room. 


Induction 

When air is discharged from an outlet into a free open space, the 
primary air stream entrains room air as it traverses the space. This 
entraining effect increases the cross-sectional area and reduces the velocity 
of the resulting air stream. Induction takes place with the conservation 
of linear momentum; this has been confirmed by tests which indicate that 
the momentum remains almost constant throughout the entire measure- 
able length of the air stream. This relationship may be expressed by the 
Equation 1: 

Ml Vi + M 2 V2 = (Ml + M 2 ) Vs ( 1 ) 

where 

Ml = mass of primary air. 

M2 = mass of secondary air. 

Vi = velocity of primary air. 

V2 — velocity of secondary air (normally = 0 ). 

Vs = velocity of the mixture. 


Substituting zero for F 2 and the volume rate Q for the mass (ilf), and 
solving for the induction ratio (r) : 


II - + Q2 

Vs Q 


The total air entrained by an air stream is in direct proportion to the 
distance from the discharge of the outlet. For a given blow from a wall 
in which a number of outlets are located, the induction ratio may be 
increased by increasing the aspect ratio, diverging the vanes of the outlet, 
or by simultaneously increasing the number of outlets, reducing their 
size, and increasing the velocity but maintaining a constant blow. The 
aspect ratio must be increased considerably from that of a rectangle to a 
slot before marked changes in the entrainment ratio take place. 


Spread 


The induction effect results in the spreading of the air stream. Equa- 
tion 3 derived from induction Equation 1 gives spread or cross-sectional 
area of the stream as a function of induction ratio, volume of primary 
air, and primary air velocity. 


Vi (Fa)* 

where 


( 3 ) 


Qi = primary air quantity, cubic feet per minute. 
Fi = primary air velocity, feet per minute. 

Fa — air velocity of mixture, feet per minute, 
f = induction ratio. 
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^ The average jet angle (included angle in both planes, see Fig. 1) for an 
air streana as it emerges from a rectangular outlet of any shape without 
spreading vanes is about 19 deg, plus or minus 5 deg, depending on the 
type of approach, type of outlet and velocity. The spread increases 
slightly with velocity. A vaned outlet discharging air uniformly forward 
will result in a spread of about 14 deg. This is equivalent to a spread in 
any direction of about one foot in every 8 ft of blow. 

Throw 

The distance air will carry measured along the axis of an air stream 
from the supply opening to the position in the stream at which the average 
frontal air velocity reduces to 50 fpm is termed the throw. The throw 
distance is based on an assumed terminal velocity, which can be assigned 
any arbitrary value. Since air striking a wall at too high a velocity may 
bring the air stream down within the occupied zone, the terminal velocity 
should be limited to 60 fpm. The maximum transverse velocity of the air 
stream is usually from 2.5 to 3.5 times the average frontal velocity. As- 
suming no obstructions, the blow is affected by face velocity, core area, 



Fig. 1. Spread of Air Stream with Various Vanes 


aspect ratio and included angle of effluent stream as determined by vanes. 
For low aspect ratios, the major variables of velocity, area and effluent 
angle are related^ approximately as given in Equation 4 when the air 
stream is unaffected by obstructions of any kind. 

where 

= throw, feet. 

Q = air volume flow rate, cubic feet per minute. 

Oo and &o = grille width and height, inches. 

k — dimensionlessconstant with the following approximate empirical values: 

Vanes set straight ahead. — 0.77 

Vanes causing a spread on each horizontal side of 15 deg » 0.66 

30 deg = 0.45 
45 deg = 0.34 


^The Rationale of Air Distribution and Grille Performance, by C. O. Madcey (Refrigerating Engineering. 
Vol. 35, No. 6. June. 1938, p. 417). 
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Vanes 

For vanes to be mechanically satisfactory, the depth of the vane should 
be between one and two times the spacing between the vanes. If the 
ratio of vane depth to spacing is less than one, effective turning by means 
of the vanes cannot be obtained. Little improvement is obtained by 
increasing the ratio beyond two. 

Straight Vanes, As mentioned previously, the included angle between both planes 
will be in the neighborhood of 14 deg, for a straight setting of the vanes as shown in Fig. 1. 

Diverging Vanes, Such vanes set for an angular spread will have a marked effect on 
the direction and distance of travel of an air stream. An outlet having vertical vanes 
set straight forward in the center, with uniformly increasing angular deflection to a 
maximum at each end of 45 deg, will produce an air stream with a horizontal included 
angle of approximately 60 deg as shown in Fig. 1. The throw will be reduced one-half 
for such a vane setting. Increasing the divergence of the vanes reduces the air quantity 
handled by an outlet for a given duct static pressure. The primary function of the vanes 
is to spread the air horizontally. Little is gained by spreading the air vertically. 

Converging Vanes, The blow of an outlet may be somewhat increased by converging 
the vanes of an outlet as illustrated in Fig. 1. Even with converging vanes, the resultant 
angle of spread of an air stream will not be less than 14 deg. The air converges for a few 
feet in front of the outlet, and then diverges more than if the vanes had been set straight. 

Both the horizontal and vertical vanes of an outlet are important. After 
an installation has been made, many conditions of draftiness or stuffiness 
can be alleviated by some vane adjustment, provided an independent: 
means for regulation of static pressure behind the vanes is included- 


Room Air Moflon 


The air motion in the occupied zone is usually traveling across the 
room in reverse direction to the blow of the outlet. The cross-sectional 
area of this stream is equal to the outlet wall area less the stream area 
and the area obstructed by furnishings. Equation 5 gives the average 
room velocity in the occupied zone as a function of the air volume sup- 
plied per square foot of outlet wall area and the outlet velocity. 


Vx 



where 


(5) 


Fr = average room velocity, feet per minute. 

A = outlet wall area, square feet. 

Z ^ 0.6 (reduction factor to allow for supply air stream 20 per cent, furniture 
obstruction 20 per cent, at point where supply air stream occupies 20 per cent 
of the room cross-section). 


Since Qz = Qit by definition, and r = from Equation 2, and Vz is 

assumed to be about 200 fpm for total induction in actual practice, then 
Equation 6 results in: 


or 





FVi 

120 


_ 120 Fr 
" Fi 


( 6 ) 
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Table 1. Values of Room Circulation Factor (F) in Equation 6 


Outlet 

Velocity 

Average Room Velocitt Fpm, Vi ! 

1 

Outlet 

Velocity 

Average Room Velocity Fpm, Vi 

Fpm 

10 

20 

30 

40 

50 

Fpm 

Vi 

10 

20 

30 

40 

50 

200 

6.0 

12.0 

18.0 

24.0 

30.0 

900 

1.3 

2.7 

4.0 

5.3 

6.7 

300 

4.0 

8.0 

12.0 

16.0 

20.0 

1000 

1.2 

2.4 

3.6 

4.8 

6.0 

400 

3.0 

6.0 

9.0 

12.0 

15.0 

1200 

1.0 

2.0 

3.0 

4.0 

5.0 

500 

2.4 

4.8 

7.2 

9.6 

12,0 

1400 

0.9 

1.7 

2.6 

3.4 

4.3 

600 

2.0 

4.0 

6.0 

8.0 

10.0 

1600 

0.8 

1.5 

2.3 

3.0 

3.8 

700 

1.7 

3.4 

5.1 

6.8 

8.5 

1800 

0.7 

1.4 

2.0 

2.7 

3.4 

800 

1.5 

3.0 

4.5 

6.0 

7.5 

2000 

0.6 

1.2 

1.8 

' 2.4 

3.0 


where F is the room circulation factor expressed in cubic feet per minute 
per square foot of outlet wall area. Thus room air motion is directly a 
function of outlet velocity and air volume per square foot of outlet wall 
area. Hence Equation 6 and Table 1 can be used to determine the accept- 
ability of a particular installation from the standpoint of proposed air 
volume, outlet wall area, and outlet velocity. 


Vertical Drop and Rise 

The vertical distance the lower edge of an air stream moves between 
the outlet and the end of the blow is termed the drop or rise (i3). This 
drop or rise is influenced by the difference in density between the air 
stream and the room air, resulting from the temperature difference and 
the spread of the air stream. For air emerging at room temperature, the 
drop or rise will be a function of the spread only and will be equivalent to: 

( 7 ) 

where 

H = drop due to spread, feet. 

L = throw, feet. 

When there is a temperature difference between the air stream and the 
room, the additional drop or rise is approximately given by Equation 8: 


rr ni {tr — /as) L n% 

^ K 

where 

ill and th = constants (tentative suggested values wi = 5, = 1.2), 

/r = room temperature, degrees Fahrenheit. 

/as = supply air temperature, degrees Fahrenheit. 


( 8 ) 


For cooling application H is subtracted from the outlet height, for 
heating H is added. 


Duct Approaches to Outlets 

Assuming that proper supply openings for a ^ven installation have been 
selected, unsatisfactory performance may still result due to tihe con- 
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struction of the duct work immediately back of the supply openings. 
Performance data on the grilles and registers of various manufacturers are 
based upon results obtained with the air approaching the grille perpen- 
dicularly and at uniform velocity over the entire duct cross-section. 
Where this condition does not exist in practice, performance predictions 
based on published data cannot be realized. Every precaution should 
be taken to secure as nearly ideal conditions in the approaching air stream 
as are possible. 

In addition to disturbances due to the construction of the duct work 
itself are those which may be created by dampers immediately behind the 
grille. Where either multiple louver or single blade dampers are used 
for throttling, considerable deflection of the air stream may result. This 
is particularly true when the fins of the register core are perpendicular to 
the damper blades. If the core has sufficient depth and the fins are 



Fig. 2. Effects of 
Expanding Duct 


Fig. 3. Unequal Face 
Velocities 


Fig. 4. Effect of 
Turning Member 




parallel to the blades, there is a marked tendency to straighten the air 
stream, although some deflection may still result. 

Any attempt to secure a low face velocity and high duct velocity by 
the construction of any expanding chamber immediately behind the grille 
is likely to be unsuccessful. In order to expand from a small duct to 
a larger one, and have the air stream fill the duct at the end of the diverg- 
ing section without turbulence, angle A in Fig. 2 should be about 7 deg. 
From this it is apparent that an attempt to secure equivalent results with 
a short connection would be futile. What actually happens when this is 
attempted is illustrated by the arrows in Fig. 2. _When localized high 
velocities through the supply opening exist from this cause or any other, 
the noise produced will naturally exceed that which the supply opening 
area and average face velocity would lead one to expect. This fact should 
be remembered in considering the use of register dampers, particularly 
in those cases where there must be considerable throttling with the damper 
to balance a poorly designed system. Where reduction of noise is im- 
portant, it is recommended that balancing dampers be placed in the duct 
ahead of the acoustic duct lining. 

Similar unequal face velocities, aggravated by a deflection of the air 
stream, are obtained with the arrangement shown in Fig. 3. The latter 
may be corrected by inserting a turning member in the elbow back of the 
outlet face as shown in Fig. 4. The importance of straightening the air 

585 



HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


Stream and effecting uniform distribution over the entire face of the 
supply opening cannot be over-emphasized^. 

Dampers of special construction, as illustrated in Fig. 5, may be used to 
maintain a constant direction of blow, approximate distance of blow, 
and constant outlet velocity regardless of the damper’s position. The 
capacity of dampers diagrammed as A and B will be roughly in proportion 
to the position of the operating lever. They are particularly effective for 
cooling work with oversized grilles. The single leaf damper shown as C 
in Fig. 5 is objectionable in that it frequently results in a condition 
whereby two high velocity jets are created along the sides of the duct, or 
the air spills immediately downward on the occupants below the outlet. 


Operation of Ceiling Outlets 

The relationships presented for sidewall outlets will apply with the 
proper modification to the operation of ceiling outlets. With the ceiling 
outlets, the angle of distribution may be a full 360 deg. This extreme 
angle of distribution results in a high rate of induction and short blow, 



/7/77m 

Fig. 5. Effect of Various 



Damper Arrangements Designed for Straight Blow 


and also permits air to be introduced into a space satisfactorily at a 
relatively high temperature differential and high velocity. Ceiling outlets 
may handle greater quantities of air than a comparable sidewall outlet 
without the creation of excessive air motion. In contrast to wall outlets, 
the ceiling outlet does not necessarily have to be equipped with adjustable 
features, other than means to regulate air quantity. Frequently sections 
of ceiling outlets are blanked off to avoid having the air stream strike 
wall or column obstructions. 


TYPES OF SUPPLY AND RETURN OPENINGS 

Perforated Outlets, Due to the non-adjust&,bility and small vaile ratio 
of perforated sheet metal outlets, they have not met with favor as supply 
openings. They are useful primarily where directional air control is 
unnecessary, and for return edr openings. 

Vaned Outlets. Outlets equipped with both vertical and horizontal 
adjustable vanes are particularly suited to sidewall distribution. For 
proper control over the air flow, the vane ratio should be from 1 to 2. 
Outlets with non-adjustable vanes may be employed; however, they 


*A.S.H.V.E- Research Report No. U66 — ^The Performance of Stack Heads, by D. W. Nelson, D. H. 
Krans and A. F. Tuthill (A.S.H.V.E. Transactions, Vol. 46. 1940, p. 205). A.S.H.V.E. Research Paper— 
Performance of Side Outlets on Horizontal Ducts, by D. W. Nelson and G. E. Smedberg (A.S.H.V.E. 
Journal Section, Heating, Piping and Air Conditioning, November, 1942, p. 686). 

586 




CHAPTER 31. AIR DISTRIBUTION 


should only be used where the performance is not critical or can be 
adequately predicted. 

Registers. Fixed vanes or perforated grilles equipped with a single 
blade damper are termed registers. They are primarily used for residential 
heating systems, where the outlet distribution is not critical and low cost 
is of importance. 

Slotted Outlets. Slotted outlets essentially consist of either flat steel 
plates containing a number of long narrow slots or a single long narrow 
slot, with a free area of approximately 10 per cent. In order to give a 
good conversion from static pressure to velocity pressure, the sides of the 
slots are rounded to give a venturi effect. Due to their high aspect ratio, 
the slotted outlets have a greater induction effect than the comparable 
vaned outlets of equal area; thus, the throw of the slot is slightly less. 
They are primarily useful where an unobtrusive means of distribution is 
desired, and where it is desirable to submerge the outlets into the room 
decoration. Since these outlets offer greater induction at a given noise 
level, they are useful in obtaining proper air motion when otherwise 
limited by design. 

Ejector Nozzles refer to outlets which operate at high static pressures, 
and which are constructed to give a high conversion from static in the 
duct to velocity pressure in the outlet, and have a high induction effect 
due to their high outlet velocity. The ejector is chiefly used for long 
throws and industrial process installations, such as drying, freezing, 
cooking, etc. Another type of ejector is sometimes referred to as a louver 
nozzle having a 46 to 90 deg elbow, which can be rotated similarly to a 
universal joint about an axis perpendicular to the surface to which it is 
fastened. These outlets give a considerable degree of adjustability and 
are, therefore, desirable for use in confined spaces where spot cooling is 
employed. 

Ceiling Outlets. There are two general classifications of ceiling outlets, 
one the simple ceiling plaque, usually with limited induction effect, and 
the other a concentrically vaned ceiling outlet with high induction effect. 
Plaque outlets, although cheap and simple in construction, are difficult 
to control and are not generally satisfactory for comfort cooling where the 
entering air is more than 12 F below the room temperature. The vaned 
ceiling outlet with marked induction will distribute air uniformly over 
an entire half sphere. The induction effect is greatest in the direction of 
the axis of the outlet, and least in the plane perpendicular to the axis 
and located at the ceiling level. Thus the induction is greatest in the 
vertical direction where tie lesist blow can be tolerated, and least in the 
horizontal plane at the ceiling where the greatest blow is both desired 
and permissible. 

Perforated Ceilings. Such outlets consist of metal or composition board 
ceiling with small perforations through which air may be supplied to a 
room. The free area of the ceiling is about 10 to 15 per cent. The per- 
forated ceiling can be designed to give a lower rate of room air motion 
for a given air supply than any other type of outlet. For this reason, the 
perforated ceiling is particularly applicable in installations requiring a 
low room air motion and having a high heat or ventilation load neces- 
sitating a high rate of air change. 


587 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


OUTLET LOCATIONS 

In selecting the location of outlets, consideration must be given to the 
factors of physical construction, physical appearance, location of heating 
or cooling loads, and outlet performance. Final outlet location will be a 
compromise between these factors. 

1. The physical construction of a building, particularly of old buildings, immediately 
places limitations on the type of distribution system which can be employed. Therefore, 
the first factor in the selection of outlet locations is a consideration of the possible loca- 
tion of the supply duct, that is, whether it is above the ceiling, within the walls, through 
ftured spaces above corridors, or in the conditioned space, etc. A particular method of 
distribution may be highly desirable but its execution, due to the location of beams and 
masonry walls, may be an impossibility. 

2. The physical appearance of the outlets should conform to the esthetic appearance 
of the room. In factories, warehouses, etc., the esthetic demand may not be high; 
however, in department stores, clubs, theaters, etc., the location of the grilles may be 
entirely dictated by such demands. In carefully decorated rooms, it may even be 
necessary to completely conceal the method of distribution by the use of slots located 
in recesses in the walls or ceilings. 

3. The location of heating or cooling loads in a room dictate to a great extent the 
general location of the outlets. The outlets should be located to neutralize' any un- 
desirable cold drafts or radiation effects set up by a concentration of the heating or 
cooling load. The problem can be divided into natural loads due to outside weather 
and internal heat loads. 

Natural Heating or Cooling Loads 

Winter, In winter the primary heating load is from exposed walls, 
windows and skylights. Heat is lost primarily through convection to 
these exposed surfaces. The convection currents or cold drafts drop 
down the exposed surfaces and seriously impair the comfort conditions in 
the room, and particularly at the floor level near the exposed surfaces. 
The outlet should be located to counteract these down drafts. Two 
methods may be employed: 

1. Direct counteraction of the convection current can be accomplished by locating 
the outlets beneath windows or exposed walls and blowing upward or on the wall blowing 
across the exposed wall. This method is desirable in small offices or bedrooms, or any 
location where people are seated or working near exposed surfaces. In northern climates, 
where the outside temperature may be constantly below 40 F, and the construction 
consists of uninsulated walls and single glass this method of distribution is particularly 
useful for the maintenance of comfort requirements. 

2. High induction by ceiling or wall outlets may be employed to nullify the convection 
currents from exposed surfaces. If outside temperatures are consistently below 40 F, 
and the exposed surfaces are poorly insulated, the induction effect required for neutrali- 
^tion of the down drafts is so great that the air motion in the room will exceed comfort 
limits. Therefore, in northern latitudes, this method can only be recommended for use 
in factories, warehouses, etc., where comfort conditions are not critical. The wide use 
of ceiling suspended heat diffusers in cold climates and in factory spaces illustrates the 
results to be obtained by such distribution. If the exposed walls are well insulated or 
the windows are equipped with double glass, ceiling distribution may prove reasonably 
satisfactory even in the coldest of climates. In mild climates, where the outside tem- 
p^ture seldom drops below 40 F, offices and bedrooms may be satisfactorily heated by 
ceiling or wall outlets. 

Summer, The primary discomforting effect to be experienced in 
summer is the radiation from sun exposed walls or windows. Radiation 
from a wall is a function of the surface temperature of the wall which is 
related to the amount of wall insulation. Radiation from well insulated 
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walls is negligible compared to that from uninsulated walls. Radiation 
may be countered by blowing the air supply from an inner wall towards 
the exposed surface, or by discharging the air vertically upward along 
the exposed surface. If vertical distribution is employed, the outlet air 
should be fanned out at an angle of 15 to 20 deg with the vertical and in 
a plane parallel to the wall. Directing the air parallel to the wall mini- 
mizes the formation of a cold spot directly in front of the outlet when low 
velocities are used. 


Internal Heat Load 

If a concentrated source of heat is located at the occupancy level of the 
room, the heating or radiation effect may be countered by blowing the 
supply air toward the heat source or by locating an esJiaust or return 
grille adjacent to the heat source. The latter method will prove more 
economical, as heat will be withdrawn at its source rather than be dis- 
sipated into the conditioned space. Where a lighting load is particularly 



heavy (five watts per square foot), and located high in a conditioned 
space, it may be economically desirable to locate the outlets below the 
lighting load. Warm air from the lights will stratify near the ceiling and 
can be removed by an exhaust fan. 

Outlet Performance 

The factors of outlet performance, throw, drop, capacity, noise, dirt 
and room air motion place considerable limitations on the design of a 
satisfactory distribution system. 

1. Blow. The blow of wall or ceiling outlets should be selected to cover three-quarters 
of the distance toward an exposed wall or window as shown in A of Fig. 6. Overblowing 
is considerably more serious than underblowing, as an overblow will create objectionable 
down drafts from any surface it strikes; although underblowing in the case of heated 
air may be serious in that the warm air may rise too rapidly and thus cause stratification 
in the occupied zone. In spaces with beamed ceilings, the outlets should be located 
below the bottom of the lowest beam level, and preferably low enough so that an upward 
or arched blow may be employed. The blow should be arched sufficiently to miss the 
beams and, at the same time, in such a manner as to prevent the primary or induced 
air stream from striking furniture and obstacles producing objectionable drafts. If an 
outlet is adjusted downward to avoid a beam, cold air may enter the zone of occupancy 
long before the desired induction has taken place, thus causing serious complaints. 

2. Drop. The outlets should be located so that the air stream at the termination of 
the blow is not less than 5 or 6 ft above the floor level. As illustrated in B of Fig. 6 
the maximum permissible blow for a given ceiling height may be obtained by locating 
the outlet low on the wall, arching the blow, and sweeping the air across the fiat ceiling. 
The air, as it traverses the room, will adhere to the ceiling. The objection to this method 
is the possible streaking of the ceiling with dirt. 
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Table 2. Recommended Rjeturn Grille Face Velocities 


Grille Location 

Velocity 

Over Gross Area 

Fpm 

Ahovft ocrupif^d 

800 up 

600-800 

Within nnciipii^d 9:nnp, not near seats . .. 

Within ormpieH 5^nne, near seats ___ _ 

400-600 

Door or wall louvers .. . _ __ _J 

500-700 

TlnHerontting of doors (throngrli imderont area) 

600 



3. Capacity, The Catalog Data Section or manufacturers’ rating sheets may be con- 
sulted for selection of the proper number of outlets for a given air quantity. Due to 
their high induction ratio, ceiling outlets will in general handle more air per outlet than 
either comparable sidewall or floor outlets. 

4. Noise, The noise of an outlet is primarily the function of the outlet velocity and 
size, and secondarily of the outlet construction. The maximum acceptable noise level 
in a space may completely dictate the permissible outlet velocities that may be employed. 
(See Chapter 33 for discussion of permissible room noise levels and noise generated by 
outlets.) 

5. Room Air Motion, The factors leading to high air motion are excessive velocity, 
high air volume per square foot of outlet wall area, overblow, striking of beams causing 
a spilling of the air into the zone of occupancy, and heating in severe climates by means 
of ceiling outlets which are directed downward. 

6. Dirt, Although the primary air may be carefully filtered, dirt from the conditioned 
space may be deposited on the walls or ceiling wherever there is considerable secondary 
air motion. With ceiling outlets, dirt streaking may be minimized by carefully stream- 
lining the discharge of the outlets. With wall outlets, dirt streaking may be minimized 
by not directly impinging the air on any ceiling or room surface. Floor outlets may 
offer objection as dirt collectors. 


RETURN AND EXHAUST GRILLES 

Where the air supply causes a relatively large induction effect, only 
three factors govern the selection and application of return and exhaust 
grilles: (1) velocity in occupied zone adjacent to grille, (2) permissible 
pressure drop through grille, and (3) noise. 

Velocity 

Air handled by an exhaust or return grille is drawn from all directions, 
the velocity dropping off rapidly in every direction. The only locality 
where drafts may prove objectionable is adjacent to the grille. To prevent 
excessive air motion in the occupied space due to the return system, it is 


Table 3. Approximate Pressure Drops for Lattice Return Grilles 
Inches Water Gage — Standard Air 


Per Cent 
Free Area 

' Face Veloqty, Fpm 

400 

500 

600 

700 

800 

900 

1000 

50 

0.06 

0.09 I 

0.13 

0.17 

0.22 

0.28 

0.35 

60 

0.04 


0.09 

0.12 

0.16 

0.20 

0.24 

70 

0.03 


0.07 

0.09 

0.12 

0.15 

0.18 

80 

0.02 


0.05 

0.07 

0.09 

0.11 

0.14 
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advisable to compute the total air motion toward the exhaust opening as 
outlined in Equation 5 where A is the exhaust wall area in square feet. 
Recommended return grille face velocities are given in Table 2. 

The withdrawal of air from a space through a return grille is a minor 
factor in control of the room air motion. The control of the room air 
motion for the maintenance of comfort conditions depends on the proper 
selection of the supply outlets. Thus the location of the return grille is 
not critical, nor the use of an elaborate return system necessary, provided 
the air motion in the occupied zone adjacent to the grille does not exceed 
comfort limits. A single return grille or a few large grilles will prove 
satisfactory provided no local high velocity zones are created. 

The permissible pressure drop will depend on the choice of the designer. 
Table 3 gives pressure drop through plain lattice grilles as a function of 
free area and face velocity. 

Noise 

The problem of noise generated by return exhaust grilles is the same 
as that generated by supply outlets. In computing resultant room noise 
levels from the operation of an air conditioning system, the return grille 
must be included as a part of the total grille area. The only difference 
between the supply and return grilles is in their frequent installation at 
the ear level. When located at ear level, it is recommended that the 
return grille velocity be 75 per cent of the maximum permissible outlet 
velocity. 

Ceiling locations are recommended for bars, kitchens, lavatories, 
dining rooms, club rooms, etc., where warm air will gravitate to the 
ceiling level. Ceiling returns are less desirable in spaces with severe 
winter exposure, and where stratification of cold air may take place at 
the floor level. During the heating season the air will tend to short 
circuit between the supply and the ceiling exhaust or return grilles. 

Floor Location 

Where ceiling or high sidewall distribution is used for winter heating, 
floor returns along the exposed wall will tend to improve the heating 
performance of the system. In general floor locations are collectors of 
dirt and refuse. 

Wall and Door Locations 

Depending on their elevation, wall returns have the characteristics of 
either floor or ceiling returns. In large buildings with many small rooms, 
the return air may be brought through door grilles or door undercuts into 
the corridors and then to a common return or exhaust. The pressure drop 
through door returns should not be excessive (50 per cent of supply grille 
pressure); otherwise the air distribution to the room may be seriously 
unbalanced with the opening or closing of the doors. Outward leakage 
through doors or windows cannot be counted upon for dependable results. 
In many cases, particularly in buildings with double glass or hollow glass 
block walls, forced return and relief systems are essential. 
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SPECIFIC APPLICATIONS 

The two methods shown in Fig. 7 are suitable for application to 
theaters, churches, and auditoriums. In small or medium size theaters, 
it is sometimes practical to use sidewall or front wall distribution. For 
the^ satisfactory operation of such a system during the winter heating 
period, the returns should be preferably located at the floor level and near 
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Rear wall distribution 

Ceiling distribution 


Fig. 7. Air Distribution Methods for Theaters, Churches, and Auditoriums 


Floor 






Winter convection current 


Fig. 8. Distribution Methods for Small Rooms 


A. Satisfactory for cooling. Unsatisfactory for heating in severe climates where the outside temperature 
Is consistently below 40 F, and single glass and uninsulated walls are prevalent. 

B. Performance slightly poorer than A, unless supplemented by circular diffusers in bottom of the duct. 

C. Satisfactory for cooling. Satisfactory for heating if direct radiation is properly controlled. 

D. Satisfactory for both cooling and heating. The air should be discharged in a vertical plane parallel 
to the and should be fanned out in this plane at an angle of 10 to 20 deg with the vertical. 


the front of the theater to prevent cold spots which may result from 
exposed wall convection or infiltration from exits. Return grilles may be 
located higher where the exits and stage have separate means of heating. 

Diagrams shown in Fig. 8 illustrate distribution methods for small 
rooms with exposed walls, such as for offices, hospital rooms, hotel 
rooms, apartments, etc. The cooling performance of various distribution 
methods as applied to a small store is shown in Fig. 9. 

For specific requirements in connection with air distribution in marine 
applications see Chapter 49. 

BALANCING SYSTEM 

In designing an air conditioning system, it should be the aim of the 
engineer to so proportion the duct system that proper distribution of air to 
every supply opening will be obtained. Since this is almost impossible to 
accomplish in practice, it becomes necessary to have means of balancing 
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the system to secure the desired amount of air in each space. There are a 
number of ways in which this may be accomplished, some of which are: 

1. Dampers on the supply and return grilles. 

2. Dampers in the supply and return ducts. 

3. Reducing the effective area of some supply openings by blank-offs. 

4. Combinations of dampers in both supply and return air. 

Dampers on the supply grilles themselves are objectionable unless of 
special design (see Fig. 6), because of their effect on the air stream and 
noise. Dampers on the return grilles are frequently objectionable because 
of noise. A damper in the supply duct some distance back of the supply 
opening forms a very satisfactory means of regulating the flow without 
disturbing distribution across the supply opening face. A damper in the 
return air duct has the advantage over one immediately behind the grille 
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Fig. 9, Small Store Cooling Distribution 


A. Rear WaU. High ouUet velocity, possibility of excessive air motion and drafts. 

B. FrorU Wall. High outlet velocity, possibility of excessive air motion and drafts. May cause excessive 
infiltration of outside air. 

C. Front and Rear Walls Moderate room air motion, outlet blows should not impinge giving rise to 
down drafts in center of store. 

D. Center. Moderate air motion, no impingement of air streams. Good results. i 

E. One Side. Moderate room air motion, should blow toward exposed wall. Good results. 

F. Ceiling. Low room air motion. Good results. 


in that it does not tend to create high localized velodties through the grille 
as the latter might do if nearly closed. Blank-offs consisting of pieces of 
sheet metal covering a portion of the supply opening face can frequently 
be used satisfactorily, although determination of just what is required is a 
matter of experiment, and the balancing of the system is not nearly so 
conveniently accomplished zis with dampers. Blank-offs have the further 
objection that as the area is reduced, pressure builds up and air motion 
tends to remain constant. Dampers in both supply and return air form 
the most flexible means of controlling the supply to the room and the static 
pressure within the room. When feasible, these dampers, particularly 
those in the supply ducts, should be a substantial distance from the 
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supply opening, and ahead of the acoustic duct lining if used. Due con- 
sideration should also be given to the use of the several volume control 
and uniform distribution devices now available. See Catalog Data Section, 
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Pressure Losses, Friction Losses, Friction Loss Chart, Elbow 
Friction Losses, Proportioning the Losses, Duct Sizes, Pro- 
cedure for Duct Design, Velocities, Main Trunk Ducts, Pro- 
portioning the Size for Friction, Velocity Method, Equal 
Friction Method, Duct Construction Details, Duct, Heat Loss 
and Insulation 

T he resistance of an air handling system can be computed from the 
methods and data given in this chapter. The actual resistance for 
any given installation, however, may vary considerably from the calcu- 
lated resistance because of variation in the smoothness of materials, the 
type of joints used and the ability of the mechanics to fabricate in accor- 
dance with the design. It is best to select fans and motors of sufficient 
size to allow a factor of safety. Volume dampers should be installed in 
each branch outlet to balance the system. It is improbable that the 
required quantities of air will be delivered at each outlet without adjust- 
ment of the dampers, which usually results in a total pressure exceeding 
that of the design, unless a liberal factor of safety is allowed. 

The flow of air due to large pressure differences is most accurately 
stated by thermodynamic formulae for air discharge under conditions 
of adiabatic flow, but such formulae are complicated, and the error 
occasioned by the assumption that the gas density remains constant 
throughout the flow may be considered negligible when only such pressure 
differences are involved as occur in ordinary heating and ventilating 
practice. 

In the development of the formulae, diagrams, and tables for the flow 
of air, use is made of the following basic equation for the flow of fluids : 

If Hv be the velocity head in feet of a fluid, and the velocity, T”, be expressed in feet 
per minute, the fundamental equation is 

7 = 60 ■^2g Hv 

The factor g is the acceleration due to gravity, or 32.17 fps per second. 

It is usual to express the head in inches of water for ventilating work and, since the 
heads are inversely proportional to the densities of the fluids, 

gy = iM 

hy d 

or 

= 5.2 

a 
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therefore, 

V = 1096.5 (1) 

where 

V « velocity, feet per minute. 

= velocity head or pressure, inches of water. 
d — weight of air, pounds per cubic foot. 

For dry air (70 F and 29.921 in. Hg barometer) d = 0.075 lb per cubic foot^ Substi- 
tuting this value in Equation 1 : 

V = 1096.5 J -Jr — = 4005 J hy (2) 

^ 0.075 1 

The relation of air velocity and velocity head expressed in Equation 2 is shown 
diagrammatically in Fig. 1 for air at 70 F and 29.92 in. Hg barometer. 

The drop in pressure in air distributing systems is due to the dynamic 
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VELOCITY HEAD. INCHES OF WATER 

Fig. 1. Relation Between Velocity and Velocity Head for Dry Air 


losses and the friction losses. The friction losses for turbulent flow (which 
occur in all practical air flow problems) are due to the friction of air 
against the sides of the duct and to internal friction between air molecules. 
The dynamic losses are those due to the change in the direction or in the 
velocity of air flow. 

Dynamic losses occur principally at the entrance to the piping, in the 
elbows, and wherever a change in velocity occurs. The entrance loss is 
the difference between the actual pressure required to produce flow and 
the pressure corresponding to the flow produced; it may vary from 0.1 to 
0.5 times the velocity head. The pressure loss in elbows must also be 
allowed for in the design. 


FRICTION LOSSES 

A study of the frictional resistance to the flow of air in ducts was 
begun by the A.S.H.V.E. Research Laboratory in 1938. This study 

^See Chapter 47 for definition of standard air. 
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resulted in modifications of the Fanning friction loss formula, for 100 ft 
of round galvanized iron duct and for air at standard conditions^: 


For round duct with no joints, 


R - 1 

\ 

( V 

Uoooy 

m 

For round duct with 40 joints per 100 ft, 



H i 

■“8 ' 

/ V 

1,4000/ 

(4), 


where 

Hs = friction loss, inches of water at standard conditions. 

V = velocity of air, feet per minute. 

D — diameter of duct, feet. 

The chart shown in Fig. 2 was constructed from Equation 4 and there- 
fore applies only for round galvanized iron duct of good construction with- 
40 joints per 100 ft, and for air at standard conditions. No factor of safety 
has been applied. In view of the many variations that may occur in duct 
construction and application, it is recommended that a factor of safety- 
be used, which in the judgment of the engineer, will make due allowance 
for these variations. In the Laboratory tests the variation found in 
pressure loss between the best joints and the worst joints was approxi- 
mately 10 per cent. This would suggest a minimum factor of safety of 
10 per cent. 

The friction loss varies with the surface characteristics of a duct and 
in case a rough conduit of tile, brick or concrete is used, a factor of about 
36 per cent should be added to the friction values obtained from Fig. 2. 

Since the friction chart applies only for standard conditions, it is 
necessary to apply correction factors for other than standard conditions. 
These corrections are: 

( Ya\o-w 

where 

— friction loss, inches of water at actual conditions. 

S = ratio of density of air at actual conditions to density of air at standard con- 
ditions. 

= kinematic viscosity at actual conditions. 

Ya = kinematic viscosity at standard conditions. 

Kinematic Viscosity = — 

P 

where 

tJL = absolute viscosity, pounds per foot second (see Fig. 3). 
p = density, pounds per cubic foot. 

The absolute viscosity of dry air at various temperatures is given in 
Fig. 3. It is assumed that the viscosity is not appreciably affected by 
the moisture content. 


2A.S.H.V.E. Report No. 1105 — Frictional Resistance to the Flow of Air in Straight Ducts, by F C. 
Houghten, J. B. Schmielef, J. A. Zalovick and N. Ivanovic (ASH V.E. Transactions, Vol. 45 lOisy, 
p. 35). A.S.H V.E. Report No. 1154 — ^Analysis of Factors Affecting Duct Friction, by J B. Schmieler, 
F. C. Houghten and H. T. Olson (A.S.H. V.E Transactions, Vol. 46. 1940, p. 193). 
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AS. H. V. E. AIR FRICTION CHART 

NO FACTOR SAFETY INCLUDEO-BASED ON RESEARCH LABORATORY DATA 
COPYRIGHT 1942 BY AMERICAN SOCIETY OF HEATING & VENTIUTING ENGINEERS 

Based on Air Density 0 075 Lb 
per Cu Ft and Round Duct 
Construction 40 Joints per 100 Ft 
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Fig. 2. Friction of Air in Pipes 
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For temperatures ordinarily used in heating, ventilating and air con- 
ditioning work, the correction for viscosity may be neglected without 
serious error. The correction equation would then be simplified to: 

Ha = iTs X 5 (6) 

Example 1. Assume that it is desired to circulate 10,000 cfm of air through 75 ft of 
24 in. diameter pipe. Find 10,000 cfm on the left scale of Fig. 2 and move horizontally 
right to the diagonal line marked 24 in. The other intersecting diagonal shows that the 
velocity in the pipe is 3200 fpm. Directly below the intersection it is found that the 
friction per 100 ft is 0.41 in.; then for 75 ft the friction will be 0.75 X 0.41 — 0.31 in. 
In a like manner any two variables may be determined by the intersection of the lines 
representing the other two variables. 



Circular Equivalents of Rectangular Ducts 

Where rectangular ducts are used it is frequently desirable to know the 
equivalent diameter of round pipe to carry the same capacity and have 
the same friction per foot of length. Table 1 gives directly the circular 
equivalents of rectangular ducts for equal friction and capacity, which 
are based on values determined from Equation 7: 

where 

a = one side of rectangular pipe, feet or inches. 

5 = other side of rectangular pipe, feet or inches. 

d = equivalent diameter of round pipe for equal friction per foot of length to carry 
the same capacity, feet or inches. 

Rectangular equivalents of roimd ducts are also given in the curves 
of Fig. 4 which are plotted from data based on Equation 7. To use the 
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2 3 4 5 6 8 10 20 30 40 50 60 80 100 

SIDE OF DUCT(b) 

Fig. 4. Rectangular Equivalents of Round Ducts 


Multiplying or dividing the length of each side of a pipe by a constant 
is the same as multiplying or dividing the equiyalent round size by the 
same constant. Thus, if the circular equivalent of an 80 x 24-in. duct is 
required, it will be twice that of a 40 x 12-in. duct, or 2 X 23.3 == 46.6 in. 
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Elbow Friction Losses 

It is customary to express the dynamic and friction losses in elbows as 
equal to a number of diameters of round pipe, or a number of widths of 
rectangular pipe, or equivalent length of duct®. The curves in Fig. 5 are 
ganged to read the number of diameters or widths for determining the 
lineal feet of pipe having a frictional resistance equivalent to the pressure 
drop in the elbows. Curves B and C are based on tests of round and 
square elbows^ of ordinary good sheet metal construction. 

Values obtained from Curve A should be used when there is any doubt 
as to quality of duct construction. It is suggested that this curve be used 



Fig, 5. Loss of Pressure in Elbows 

for rectangular elbows and five piece elbows as it will thus allow an 
additional factor of safety without seriously affecting the design. 

As indicated on the chart, long radius elbows will offer much less 
resistance to the flow of air than short radius elbows. Experience has 


Table 1. ' Circular Equivalents of Rectangular Ducts for Equal Friction 


Sms 

Rxctanouiab 

Duct 

8 

8.5 

9 

9.5 

10 

10.5 

11 

11.5 

12 

12.5 

13 

13.5 

14 

14.5 

15 

15.5 

16 

3 

5.2 

5,4 

5.5 

5.7 

5.8 

5,9 

6.0 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

7.0 


3.5 

5.7 

5.9 


6.2 

6.3 

6.5 

6.6 

6.7 

6.9 

7.0 

7.1 

7.3 

7.4 

7.5 

7.6 

7.7 


4 

6.1 

6.3 

6.5 

6.7 

6.8 

7.0 

7.1 

7.2 

7.4 

7.5 

7.7 

7.8 

7.9 

8.1 

8.2 

8.3 


4.5 

6.5 

6.7 

6.9 

7.1 

7.2 

7.4 

7.6 

7.7 

7.9 

8.0 

8.2 

8.4 

8.5 

8.6 

8.7 

8.9 


5 

6.9 

7.1 

7.3 

7.5 

7.7 

7.8 

8.0 

8.2 

8.3 

8.5 

8.7 

8.8 

8.9 

9.1 

9.2 

9.4 


5.5 

7.3 

m 

m 

m 

8.1 

8.3 

8.5 

8.6 

8.8 

9.0 

9.2 

9.4 

9.5 

9.6 

9.8 

9.9 

1 10.1 


*A S.H.V.E. Research Report No 1211 — Pressure Loss Caused by Elbows in 8-Inch Round Venti- 
lating Duct, by M. C. Stuart, C. jP. Warner and W. C Roberts (A S.H.V.E. Transactions, Vol. 48, 1942, 
p. 335). 

^Loss of Pressure Due to Elbows in the Transmission of Air Through Pipes or Ducts, by F. L, Busey 
(A.S.H.V.E. Transactions, Vol. 19, 1913, p, 366). 
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«Additional sizes: 4X6 = 4.9; 4X6 = 6.4; 4X7 = 6.8; 6X6 = 6.6; 6X6 = 6.3; 6X7 = 6.5. 
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shown that good results may be expected when the radius to the center 
of the elbow is 1.6 times the pipe diameter or duct width parallel to the 
radius. Examination of the curve will indicate that little advantage is to 
be gained by selecting elbows having a centerline radius of more than two 
diameters®. Elbows having a radius of more than three diameters show a 
slightly increased resistance due to the increased length of pipe but, when 
used, Aey reduce the overall resistance of the system and therefore should 
not be avoided. 

Where space conditions necessitate the use of short radius or miter 

Table 2. Effect of Vanes on Pressure Loss of 7-inch Square Ventilating Duct^ 
Expressed in feet of total equivalent length of duct {ELD) 



•For more complete data see A.S.H.V E. Research Report No, 1216 — Efifect of Vanes in Reducing 
Pressure Loss in Elbows m 7-Inch Square Ventilating Duct, by M. C. Stuart, C- F. Warner and W. C. 
Roberts (A.S.H.V.E. Transactions, Vol 48, 1942, p. 409). 

Note A: Vane A made up of a large number of small splitters; B made up of a small number of large 
splitters bent on a large radius; C hollow vanes having different outside and inside curvature; and D four 
splitters with R/W ^ 0.4. Elbow same as D except 2 in. trailing edge on the end. of each splitter, ELD 
in feet = 17.0. 

Note B; The air velocity has no effect on the loss of elbows when the loss is expressed as eq.uivalent 
length of duct. 


elbows in square or rectangular duct work, turning vanes should be used 
to reduce the pressure losses. Rough or raw edges on the vanes should be 
avoided to prevent objectionable noise. Typical types of vanes are shown 
in Table 2 with the total equivalent length of duct that may be used in 
estimating the resistance of each type. 

The pressure loss through elbows of less than 90 deg may be assumed 
to be_ directly proportional to the ratio of the angle through which the 
turn is made. The resistance will vary widely for the large degree turns 


^Pressure Losses in Rectangular Elbows, by R, D. Madison and J. R. Parker {Heating, Piping and Air 
Condttiomng, July, p. 365, August, p. 427, September, p. 483. 1936). 
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depending upon the aspect ratio and the length of straight pipe between 
the elbows, but for practical purposes, it may be assumed tihat the ratio 
remains proportional to the angle through which the turn is made. 
Reverse 90 deg elbow turns should be avoided wherever possible but, 
where used, the friction of the elbows indicated in Fig. 5 should be 
doubled for the second elbow. 

PROPORTIONING THE LOSSES 

The entrance loss through the outside air intake louvers will vary with 
the design of the louvers and method of connection to the system. The 
louvers and connecting duct will have a friction resistance of from 0.25 to 
1.00 times the velocity pressure. Therefore, the total entrance loss will 
vary from 1.25 to 2.00 K- Common practice is to use 1.6 hv for a 
75 per cent free area louver with connecting duct having 15 deg tapered 
sides. Wherever air passes through a plenum space having a negligible 
velocity, allowance must be made for the loss in velocity head. This may 
be taken as the velocity head corresponding to the difference in velocities 
in the plenum and the duct. Where the ducts are very smooth with long 
transformation fittings, a regain in static pressure is sometimes allowed, 
but generally ordinary construction does not warrant a consideration of 
this factor, and it is customary to neglect it. ^When it is allowed, the 
regain is estimated at one-half the difference between the velocity pres- 
sure at the fan outlet and at the last run of pipe. 

Other losses of pressure occur through the heating units, at the air 
washer and at air filters. In ordinary practice in ventilation work it is 
usual to keep the sum of the duct losses one-third to one-half and the loss 
through the other units at less than one-half of the static pressure. The 
remainder is then available for producing velocity. In the design of an 
ideal duct system, all factors should be taken into consideration and the 
air velocities proportioned so that the resistance will be practically equal 
in all ducts regardless of length. 

DUCT SIZES 

Ducts and flues for gravity circulation must be sized so that the friction 
loss will not exceed 50 per cent of the available aspirating effect due to the 
temperature and height of the column of heated air. Duct systems for 
mechanical circulation may be sized so as to have much higher pressure 
losses Aan gravity systems. The total pressure of these systems is 
limited to the available pressure from the fan used. 

The general rules to be followed in the design of a duct system are 
enumerated herewith : 

1. The air should be conveyed as directly as possible at reasonable velocities to obtain 
the results desired with greatest economy of power, material and space. 

2. Sharp elbows and bends should be avoided unless turning vanes are used. 

3. Transformation pieces should be made as long as possible. The angle between the 
sides and axis of the duct should never exceed 30 deg and where possible, 15 deg should 
be made the maximum, 

4. Especial care should be taken to^ maintain a true cross-section and not to restrict 
the air flow either in transformation pieces or in elbows. 

5. Rectangular ducts or flues should be made as nearly square as possible. Good 

605 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


practice limits the ratio between the long side and the short side to 3 to 1. In no case 
should this ratio exceed 10 to 1. 

6. Wherever possible, ducts should be constructed of smooth material such as sheet 
metal. Where masonry ducts are used, proper allowance for the surface coefficient 
should be made. 

7. The use of furred spaces, spaces between joists, etc., should be avoided unless 
lined with sheet metal. 

Procedure for Duct Design 

The general procedure for designing a duct system is outlined in the 
several items listed herewith: 

1. Study the plan of the building and draw in roughly the most convenient system of 
ducts, taking cognizance of the building construction, avoiding all obstructions in steel 
work and equipment, and at the same time maintaining a simple design. 

2. Arrange the positions of duct outlets to insure the proper distribution of air. 

3. Divide the building into zones and proportion the volume of air necessary for each 
zone. 

4. Determine the size of each outlet, based on the volume as obtained in the preceding 
paragraph, for the proper outlet velocity and throw. 

5. Calculate the sizes of all main and branch ducts by either of the following two 
methods: 

<j. Velocity Method. Arbitrarily fix the velocity in the various sections, reducing the 
velocity from the point of leaving the fan to the point of discharge to the room. In 
this case the pressure loss of eadi section of the duct is calculated separately and 
the total loss found by adding together the losses of the various sections of the 
continuous run. 

h. Friction Pressure Loss Method. Proportion the duct for equal friction pressure 
loss per foot of length. 

^ 6. Calculate the friction for the duct offering the greatest resistance to the flow of 
air, which resistance represents the static pressure which must be maintained in the fan 
outlet or in the plenum space to insure distribution of air in the duct system. The duct 
having the greatest resistance will usually be that having the longest run, although not 
necessairily so. 

Air Velocities 

The air velocities given in Table 3 have been found to give satisfactory 
results in engineering practice. Where the higher velocities are used, the 
ducts should be cross-braced to prevent breathing, buckling or vibration. 
High velocities at one point in the system offset the effect of proper 
design in all other parts of the system; hence the importance of air 
velocities, elbow design, location of dampers, fan connections, grille and 
register approach connections, and similar attention to details. For 
industrial buildings, noise is seldom given much consideration, and main 
duct velocities as high as 2800 or 3000 fpm are sometimes used but, when 
these velocities are used, due consideration should be given to duct 
design, resistance pressure, fan efficiencies and motor horsepower. For 
department stores and similar buildings, 2000 to 2200 fpm are sometimes 
used in main ducts where noise is not objectionable and space conditions 
warrant it. Wherever velocities higher than those shown in Table 3 are 
used, it is essential that the ducts should be of heavier gages, have addi- 
tional bracing and be carefully constructed for a minimum resistance. 

Where the high velocity diffusing outlets are used, the duct velocity 
should not be less than the throat velocity of the diffusers, as dynamic 
losses occur wherever velocities are stepped up or down. One recent 
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trend in grille design is toward the use of much higher grille and branch 
duct velocities. Some installations have been made with velocities as 
high as 1600 fpm in branches and through the net area of grilles, but 
many of these have proven unsatisfactory because of noise and drafts. 

Grille manufacturers publish selection tables which size the grilles for 
volume of air, temperature diflFerential and distance of throw. In following 
these tables, maximums should be avoided and the manner in which the 
duct connects to the grille should be given careful consideration. Most of 
the selection tables are based on straight approach to the grille. Elbow 
connections to supply grilles should be provided with turning vanes to 
equalize the face velocity. See Chapter 31 for a discussion of grilles. 

Fan outlet velocities are discussed in Chapter 30 and will not be dealt 
with here except to indicate that fan noises should be given proper 
consideration. 

Main Trunk Ducts 

Main trunk ducts with branches are commonly used to convey the air 
from the fan to the grille or register outlets in preference to individual 
ducts from the fan to these outlets. The velocities in these ducts and 
branches vary according to the nature of the installation and the degree 
of quietness desired. The recommended velocities in Table 3, with good 
construction, should give satisfactory results. The maximum velocities 
indicated should not be used except in areas where noise is not a deciding 
factor. 

Velocity Method 

The velocity method of designing a duct system involves arbitrarily 
selecting velocities at various sections of the duct system with the highest 
velocities generally chosen at the fan and progressive lower velocities 


Table 3. Recommended and Maximum Duct Velocities 



Recommended Velocities, fpm 

Maximum Velocities, fpm 

Designation 

Residences 

Schools, 

Theaters. 

Public 

Buildings 

Industrial 

Buildings 

Residences 

Schools, 

Theaters, 

Public 

Buildings 

Industrial 

Buildings 

Outside Air 
Intakes^ 

700 

800 

1000 

800 

900 

1200 

Filters^ 

250 

300 

350 

300 

350 

350 

Heating Coils^ 

450 

500 

600 

500 

600 

700 

Air Washers 

500 

500 

500 

500 • 

500 

500 

Suction 

Connections 

700 

800 

1000 

900 

1000 

1400 

Fan Outlets 

1000-1600 

1300-2000 

1600-2400 

1700 

1500-2200 

1700-2800 

Main Ducts 

700-900 

1000-1300 

1200-1800 

800-1000 

1100-1400 

1300-2000 

Branch Ducts 

600 

600-900 

800-1000 

700 

800-1000 

1000-1200 

Branch Risers 

500 

600-700 

800 

650 

800-900 

1000 


0 These velocities are for total face area, not the net frw area. 
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toward the duct openings to the roona. To find the total static pressure 
against which the fan must operate, the static pressure loss of each section 
must be calculated separately and Ae total loss found by adding the indi- 
vidual losses of the various sections of the run having the highest resis- 
tance. Usually this is the longest run but in some cases a shorter run may 
have more elbows, transformations, booster heaters, etc., which will cause 
it to have a higher resistance pressure. This method requires judgment 
and experience in choosing the proper velocities to approach equal friction 
for all lengths of run but many engineers believe that the velocity method 
is handier to use than other methods and will give satisfactory results for 
most practical applications. The air velocities given earlier in this 
chapter are helpful in choosing proper velocities. Adjustable dampers or 
splitters are used to regulate air quantities delivered. 

Equal Friction Method 

The equal friction method of design is sometimes preferred because it 
does not require nearly so much judgment and experience in selecting the 
proper velocities in the various sections of a system. The usual procedure 
in this method of design is to select the main duct velocity to be con- 
sistent with good practice from a standpoint of noise for a particular type 
of building. This velocity should be less than the fan outlet velocity. 
All main ducts and branch ducts are sized for equal friction by the use of 
Fig. 2 and Table 1 or Fig. 4. 

In cases where the fan or factory assembled air conditioning unit has a 
limited external resistance, it is necessary to divide the available resistance 
by the total equivalent length of the longest or most complicated run of 
duct to determine the resistance per 100 ft and then to size all ducts at 
this resistance value, which will automatically determine the duct veloci- 
ties and give the desired total duct resistance. A further refinement 
which is sometimes used in large systems is to size each branch duct so 
that it has a resistance equal to the resistance of the main system at the 
point of juncture. Even when this refinement is added, regulating 
dampers are recommended in each branch. 

After the duct system is designed the frictional resistance is calculated 
and tabulated together with the resistance of all component parts. The 
fan is then selected for the required volume of air, static pressure and 
outlet velocity. 

Example 2. Fig. 6 shows a typical layout of an air distribution system which is 
applicable for ventilation of hotel dining rooms and offices. The volume of air in cubic 
feet per minute for the room is determined on the basis of the number of air changes per 
hour required. In the example shown, the room ventilated is a hotel dining room 135 ft 
X 85 ft X 15 ft. A 7H-min air change (8 air changes per hour) is assumed for proper 
ventilation, giving 22,935 cfm as the air required. 

The free area of the outdoor air inlet is based on a velocity of 1000 fpm or 22,935 -5- 
1000 = 22.94 sq ft. The main duct velocity selected from Table 3 is 1250 fpm which 
gives a main duct area of 22,935 1250 = 18.354 sq ft (60 X 44 in.). From Table 1 a 

60 X 44 in. duct is approximately equivalent to 56 in. diameter. 

Referring to Fig. 2, a volume of 22,935 cfm through a 56 in. diameter duct gives a 
resistance of 0.028 in. per 100 ft. The amount of air to be handled by each section of 
pipe is shown in Fig. 6, and by locating each of these values on the 0.028 in. friction line, 
the round pipe sizes are obtained and then, referring to Table 1, the equivalent rectan- 
gular sizes are selected as shown in Table 4. 
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Table 4. Pipe Sizes for Exai^iple 2^ 


Volume of Air 
(cfm) 

Diameter of Pipe 
(Inches) 

Equivalent Size of Rec- 
tangular Duct (Inches) 

22,935 

56 

60x44 

12,510 

45 

58 X 30 

10,425 

42 

50x30 

8,340 

39 

42x30 

6,255 

35 

42 X 24 

4,170 

29.5 

30x24 

2,085 

23 

30x 15 


a-Velocity through grilles (not shown) to be approximately 300 fpm. 


The pressure at the outlets nearest the fan will be greater than at the pipes farther 
along the run so that the former will tend to deliver more than the calculated amount of 
air. To remedy this condition, volume regulating dampers should be located at the base 
of each riser, or in each branch duct, and adjusted for proper distribution. At points 
where branches^ leave the main it may be advisable, depending upon the nature of the 
installation, to install adjustable splitters similar to that shown in Fig. 6 where the main 
duct divides into the 58 x 30 in. and 50 x 30 in. branches. 


Resistance Losses for the System 

(1) Outdoor air intake, 1000 fpm velocity (1.5 heads X 0.0625) 0.094 in. 

(2) Filters (from manufacturer’s tables) 0.250 in. 

(3) Tempering coil loss (from manufacturer’s tables) 0.074 in. 

(4) Air washer loss (from manufacturer’s tables) 0.250 in. 

(5) Reheating coil loss (from manufacturer’s tables).- 0.083 in. 

(6) Duct resistance: 

The longest run is = 150 ft 

Two, 58 X 30 in. elbows (150% ratio) ^ - “ 

Two, 30 X 15 in. elbows (150% ratio) ^ ^ ^2 ^ ~ 

Three, 15 x 30 in. elbows (75% ratio) ^ ^ ^ = 131 ft 


Total equivalent run 472 ft 

472 ft at 0.028 in. per 100 ft 0.132 in. 

(7) Allowance for damper adjustment, 25% of 0.132 0.033 in. 

(8) Supply grille resistance (from manufacturer’s tables) 0.036 in. 

Total static pressure loss of system 0.952 in. 

The fan is selected from the manufacturer’s ratings to deliver 22,935 cfm at a static 
pressure of 0.952 in. as outlined in Chapter 30. 

Example 3. If the rooms and offices of the hotel building of Example 2 are to be 
served from a manufactured unit with a capacity of 22,935 cfm against an external 


resistance of 0.35 in., the known resistances are calculated as: 

(1) Outdoor air inlet 0.094 in. 

(2) Allowance for damper adjustment 0.033 in. 

(3) Supply grille resistance (from manufacturer’s tables) 0.036 in. 

Total known resistance. — 0.163 in. 
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Subtracting this from the total available resistance: 0.35 in. — 0.163 in. — 0.187 in. 
available for duct resistance. 

Known length of run 150 ft 

The duct width is then estimated for the following elbow calculations: 

Four 150% ratio elbows, 4 x 13 x 3.5 ft 182 ft 

Three 75% ratio elbows, 3 x 35 x 1.5 ft— 158 ft 

Total estimated length 490 ft 

The duct friction per 100 ft is then 0*187 ^,4.90 = 0.0382 in. and the mains and 
branches are sized from the 0.038 in. friction line in Fig. 2. 



If it is desired to size each branch for equal resistance, the total resistance back to the 
point of juncture is calculated and the branch is then sized in a manner similar to that 
outlined in Example 3. 

DUCT CONSTRUCTION DETAILS 

Straight sections of round duct are usually formed by rolling the sheets 
to the proper radius and grooving the longitudinal seam. Rectangular 
ducts are generally constructed by breaking the corners and grooving the 
longitudinal seam, although some fabricators still use the standing seam 
due to lack of equipment. Elbows and transformation sections are gener- 
ally formed with PittsburgK comer seams because this seam is easier to 
lock in place than the double seam, but complicated fittings such as double 
compounded elbows are usually constructed with double seam comers. 
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The construction of these various seams as well as the types of girth 
connections are shown in Fig. 7. The application of the various slips and 
connections is outlined in Table 5. The end slip may be used wherever 
S slips are recommended. Where drive slips are used the end slip may be 
applied on tJie narrow side of the duct and only the drive slips on the 
majainum side. Ducts 25 to 30 in. in size should be reinforced between 
the joints, but not necessarily at the joint. Ducts 31 in. and up should be 
reinforced at the joint and between the joints; if drive slips are used the 


Table 5. Recommended Sheet Metal Gages for 
Rectangular Duct Construction^ 


U. S. Sto. 
Gage 

Maxi&cum Sms, 
Inches 

Type op 

Transverse Joint CoNNECxioNsTt^ 

Bracing 

26 

Up to 12 

S, Drive, Pocket or Bar Slips, on 

7 ft 10 in. centers 

None 

24 

13 to 24 

S, Drive, Pocket or Bar Slips, on 

7 ft 10 in. centers 

None 

25 to 30 

S, Drive, 1 in. Pocket or 1 in. Bar 
Slips, on 7 ft 10 in. centers^ 

1 X 1 X 3^ in. angles 

4 ft from joint 

22 

31 to 40 

Drive, 1 in. Pocket or 1 in. Bar 
Slips, on 7 ft 10 in. centers^ 

1 X 1 X in. angles 

4 ft from joint 

41 to 60 

in. Angle Connections, or IJ^ 
in. Pocket or IH in. Bar Slips 
with in. X ^ in. bar rein- 

forcing on 7 ft 10 in. centers*^ 

134 X 134 X 34 in. angles 
4 ft from joint 

20 

61 to 90 

lyi in. Angle Connections, or IJ^ 
in. Pocket or IH in. Bar Slips 

3 ft 9 in.^ maximum centers with 

X in. bar reinforcing 

134 X 1J4 X 34 in. 

diagonal angles, or 

134 X 134 X 34 in. angles 
2 ft from joint 

18 

91 and up 

2 in. Angle Connections or 1 in. 
Pocket or 1}^ in. Bar Slips 3 ft 

9 in. maximum centers with 1 x 
3^ in. bar reinforcing^ 

l^x lJ4x 34 in. 
diagonal angles, or 

134 X 134 X 34 in. angles 
2 ft from joint 


*For normal pressures and velocities (see Table 3) utilized in typical ventilating and air conditioning 
systems. Where special rigidity or stiffness is required, ducts should be constructed of metal two gages 
heavier. All uninsulated ducts 18 in. and larger should be cross-broken. Cross-breaking may be omitted 
on uninsulated ducts if two gages of heavier metal are used. 

bother joint connections of equivalent mechanical strength and air tightness may be used. 

©Duct sections of 3 ft 9 in. may be used with bracing angles omitted, instead of 7 ft 10 in. lengths with 
joints indicated. 

dDucts 91 in. and larger require special field study for hanging and supporting methods. 

angles are usually riveted to the duct about 2 in. from the slips. It is good 
practice to cross-break or kink all flat surfaces to prevent vibration or 
buckling due to the air flow and accompanying variations in internal 
pressure. Round ducts are sometimes swedged 1.5 in. from the ends so 
that the larger end will butt eigainst the swedge and are held in place with 
sheet metal screws. Where swedges are not used it is genereil practice 
to paste the joint with asbestos paper to insure a tight joint. 

The construction of elbows and changes of shape cannot be definitely 
outlined because of the varied conditions encountered in the field, but in 
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general long radius elbows and gradual changes in shape tend to maintain 
uniform velocities accompanied by decreased turbulence, lower resistance 
and a minimum of noise. 

Heavy canvas connections are recommended on both the inlet and 
outlet to all fans. The fan discharge connections shown in Fig. 7 are 



Grooved Standing S Drive End 

seam seam slip slip slip 




Double Pittsburgh Bar Reinforced Pocket 

seam seam slip bar slip slip 



Angle 

connecbon 



Fair Poor 

Fan discharge connecbons 



Good Fair Poor 

Heater, filter, and washer connecbons 



Small Large 

Easement around 
obstructions 


Diverter type Clinch collar 

(preferred) type 

Branch takeoffs 


Fig. 7. Sheet Metal Duct and Arrangement Details 


marked good, fair, and poor in the order of the amount of turbulence 
produced. An inspection of the heater connections shown in Fig. 7 will 
readily show that uniform velocity through the heater cannot be expected 
in the diagram noted poor. When obstructions cannot be avoid^, the 
duct area should never be decreased more than 10 per cent and then a 
streamlined collar should be used. Larger obstructions require an increase 
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in the duct size in order to maintain as nearly uniform velocity as possible. 
Branch take-offs should always be arranged to cut or slice into the air 
stream in order to reduce as far as possible the losses in velocity head. 

The recommended gages for sheet metal duct construction are given in 
Table 5. Weights of sheet metal per square foot of surface for different 
gages are given in Table 6. The weights of various gages and the areas 



Fig. 8. Area and Weight of Rectangular Sheet Metal Ducts 

for any length of run of rectangular sheet metal ducts may also be 
determined from Fig. 8. The bottom scale represents the sum of the two 
sides of the duct and the oblique lines give the leng^ of run in feet. 
Proceeding horizontally to the right from the intersection of vertical and 
oblique lines on the chart, the area of the duct may be determined in the 
first vertical scale. The scales to the right give the weights of the duct 
run for different gages of metal. In calculating the weights of duct, it 
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is considered good practice to allow 20 per cent additional for weights of 
joints and bracings. Various weights and thicknesses of standard copper 
sheets will be found in Table 7. 


Table 6. Weights of Sheet Metal Used for Duct Construction 



Black Sheets 

Galvanized Sheets^ 

u. s. 

Approximate 

Weight Per 

Approximate 

Weight Per 

Std, 

Gags 

Thickness, In. 

Square Foot 

Thickness, In. 

Square Foot 


Steel 

Iron 

Ounces 

Pounds 

Steel 

Iron 

Ounces 

Pounds 

30 

0.0123 


8 


0.0163 

0.0165 


0.656 

28 

0.0153 


10 

0.625 

0.0193 

0.0196 

12.5 

0.781 

26 

■•II II 

0.0188 

12 

0.750 

0.0224 

0.0228 

14.5 

0.906 

24 

■nRSf SI 


16 


0.0285 

0.0290 

18.5 

1.156 

22 

Bm i 1 » 


20 

1.250 

0.0346 

0.0353 

22.5 

1.406 

20 

■IXI i • S 

Bill i ' sB 

24 


0.0408 

0.0415 

26.5 

1.656 

18 

0.0490 


32 


0.0530 

0.0540 

34.5 

2.156 

16 



40 

MSB BW 

0.0653 

0.0665 

42.5 

2.656 

14 


0.0781 

50 

3.125 


0.0821 

52.5 

3.281 

12 

0.1072 

0.1094 


4.375 

0.1112 

0.1134 

72.5 

4.531 

11 

0.1225 


80 


0.1265 

0.1290 

82.5 

5.156 

10 

0.1379 

0.1406 

90 

5.625 

0.1419 

0.1446 

92.5 

5.781 


^Galvanized sheets are gaged before galvanizing and are therefore approximately 0.004 in. thicker. 


Table 7. Weights and Thicknesses op Standard Copper Sheets^^ 
Rolled to Weight 


Weight per Square Foot 

Thickness, Inches 

Nearest Gage No. 

Ounces 

Pounds 

Decimal 

Equivalent 

Nearest 

Fraction 

B. &S. 

Stubs 

U. S. Std. 

10 

0.625 

0.0135 

H4. 

27 

29 

29 

12 

0.750 

0.0162 

}i4 

26 

27 

28 

14 

0.875 

0.0189 

H4 

25 

26 

26 

16 

1.000 

0.0216 


23 

24 

25 

18 

1.125 

0.0243 

M2 

22 

23 

24 

20 

1.250 

0.0270 

Hi 

21 

22 

23 

24 

1,500 

0.0324 

Hi 

20 

21 

22 

28 

1.750 

0.0378 

Hi 

19 

20 

20 

32 

2.000 

0.0432 

H* 

17 

19 

19 

36 

2.250 

0.0486 

H4 

16 

18 

18 

40 

2.500 

0.0540 

H4 

15 

17 

17 

44 

2.750 

0.0594 

He 

15 

17 

17 

48 

3.000 

0.0648 

He 

14 

16 

16 

56 

3.500 

0.0756 

H4 

13 

15 

14 

64 

4.000 

0.0864 i 

H4 

11 

14 

13 


hVariations from these weights must be expected in practice. 


HEAT LOSSES FROM DUCTS 


The thermal transmission coefficient U for an uninsulated meted duct 
can be obtained from the equation: 



( 8 ) 









CHAPTER 32. AIR DUCT DESIGN 


In the case of non-metallic ducts the formula in Equation 8 will become : 


fi ^ k ^ fo 

where 

U = thermal transmittance, Btu per square foot per hour per de^ee Fahrenheit 
difference in temperature between the average temperature inside the duct and 
the air outside the duct. 

fi = film conductance inside the duct, Btu per hour per square foot per degree 
Fahrenheit. 

fo = film conductance outside the duct, Btu per hour per square foot per degree 
Fahrenheit. 

X = thickness of duct wall in inches. 

k = conductivity of duct material, Btu per square foot per hour per degree Fahren- 
heit difference between the two surfaces of material. 

Where x is small and k is large, however, this factor is of little im- 
portance and may be neglected. 

Film conductance /i for air flowing in ducts apparently depends only on 
the velocity of the air and the diameter of the duct. ^ A fairly reliable 
inside coefficient can be calculated from Schultz’s modified equation: 

( 10 ) 

where 

Vo ~ velocity of air in duct, feet per second. 

D = diameter of duct, feet. 

Film conductance /o depends on a number of variables including tem- 
perature, diameter, and emissivity of the outer surface and can readily be 
calculated from data in Chapter 3. From this explanation, it is seen that 
it is unwise to recommend a given value of U for all uninsulated metal 
ducts. 

The heat loss from a given length of duct can be expressed by: 




The heat given up by the air in the duct is: 

e = 0.24 Jlf 01 - fe) = 14.4 A Vp 01 - it) (12) 

Equating 11 and 12 enables the determination of the temperature drop 
in the duct: 

^1 -|“ 28.8 AVp 

UFL 

Let y = rectangular ducts, = round ducts, 


solving for h and fe: 


^ _ fe (y 4“ 1) — 2tt 
^ 

. ti(y -l)+2t, 

(y + 1) 
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For low velocities and long ducts of small cross-section, a somewhat 
more accurate formula may be used as follows: 


/ UPL \ ^ (15) 

fi\14.4 A^v) 

In these equations 

Q = heat loss through duct walls, Btu per hour. 

U = thermal transmission coefficient, Btu per square foot per hour per degree 
Fahrenheit. 

P = perimeter of duct, feet. 

L = length of duct, feet. 

/i = temperature of air entering duct, degree Fahrenheit. 

=* temperature of air leaving duct, degree Fahrenheit. 
tz = temperature of air surrounding duct, degree Fahrenheit. 

M = weight of air per hour, through the duct, pounds. 

A = cross-sectional area of duct, feet. 

D = diameter of round duct, feet. 

V = velocity of air in the duct, feet per minute, at specified temperature, 
p = density of air, pounds per cubic foot, at the specified temperature at which V 
is measured. 

e = naperian base of logarithms = 2.718. 


In using Equations 13, 14 and 15, one of the duct air temperatures will 
be unknown and will be solved for by substitution of the other known 
or assumed values. 

Heat loss coefficients for insulated ducts with various conductivities 
are given in Fig. 9. The conductivities of various materials, which are 
based on mean temperatures, ranging from about 70 to 90 F, will be 
found in Table 2 of Chapter 4. For cases where the mean temperature 
is other than that on which the test was conducted, a correction should be 
made. However, in most cases the effect of this factor will be small and 
may be neglected. 

Example Determine the entering air temperature and heat loss for a duct 24 X 36 
in. cross-section and 70 ft in length, insulated with hi. of a material having a con- 
ductivity of 0.35 Btu at 86 F mean temperature, carrying air at a velocity of 1200 fpm, 
measured at 70 F, to deliver air at 120 F with air surrounding the duct at 40 F. 

Solution. Referring to Fig. 9, the overall heat transmission coefficient is found to be 
0.49 Btu. From Table 6, Chapter 1 the density of air at 70 F and 29.92 in. Hg is found 
to be 0.0749 lb per cubic foot. Substituting these and the other given values in Equa- 
tion 13: 

28.8 X 6 X 1200 X 0.0749 
^ 0.49 X 10 X 70 




120 ( 45.3+ 1) - 80 
45.3 - 1 


123.7 


Substituting in Equation 11: 

Q = 0.49 X 10 X 70 ^ J 

Q — 28,100 Btu per hour. 
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PER DEG FAHR PER INCH THICKNESS) 


Fig. 9. Heat Loss Coefficients for Insulated Ducts^ 


“ Thickness of Insulation (Inches) 


1 

IH 

2 

21 to 30 in. Duct Diameter 

1% 

2% 

3% 

4% 

9% 

12 to 21 in. Duct Diameter . . 


5% 

7% 


•For round ducts less than 30 in. diameter, increase heat transmission values by the following percent- 
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For special considerations which apply to insulation of ducts in marine 
installations see Chapter 49. 
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^ound doniroi 


Unit of Noise Measurement, Apparatus for Measuring Noise, 
General Problem, Kinds of Noise, Noise Transmitted Through 
Ducts, Design Room Noise Level, Noise Generated by Pan, 
Natural Attenuation of Duct System, Duct Sound Absorbers, 
Air Supply Noises, Grille Selection, Cross Transmission Be~ 
tween Rooms, Controlling Vibration from Machine Mountings 


I N ventilating and air conditioning a building or a room, the effect of 
the mechanical system employed must be considered on the acoustics 
of the space conditioned. It is important to consider also that the use of 
air conditioning often permits keeping the windows closed, thus giving 
relief from certain external noises, but at the same time increasing the 
necessity of providing adequate sound control. 

It is assumed that in a given space the architect and acoustical engineer 
have produced a room or rooms which are satisfactory for speech, music, 
or other uses. The ventilating engineer’s sole function is to ventilate 
and air condition these rooms properly so that they will be physically 
comfortable without adding any acoustical hazards. 

UNIT OF NOISE MEASUREMENT 

According to an international standard, two terms are used for noise 
measurement. The decibel (db) is the physical unit for expressing in- 
tensity or pressure levels. The phon is the unit of loudness level. The 
loudness level, in phons, of any sound is by definition equal to the in- 
tensity level in decibels of a thousand cycle tone which sounds equally loud. 

The decibel is defined by the relation iV' = 10 logic where N is the 

-^0 

number of decibels by which the intensity flux 7i exceeds the intensity 
flux lo. The intensity flux is the measure of the energy contained in a 
sound wave and is defined in terms of micro-watts per square centimeter 
passing through a unit area of wave front in a freely travding plane wave. 
It is usually more convenient to select an arbitary reference intensity for 
lo and express all other intensities in terms of decibels above that level. 
For this purpose a reference intensity of I0““ watts per square centimeter 
has been selected. This intensity is slightly less than the threshold of 
audibility for the average ear at a frequency of 1,000 cycles per second. 
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This reference level also corresponds to a pressure of 0.0002 dynes per 
square centimeter. 

A stated sound level in decibels, unless otherwise defined, will thus be 
related to a threshold of 10"^^ watts. For example, a level of 60 db above 
this reference threshold is 10"^° watts. In a similar manner, when sound 
measurements are given in actual intensity or energy units, they can be 
converted to decibels by this relation. 

Since the decibel is a ratio, it can only be employed when related to a 
reference threshold level as given. Noise levels, which vary with fre- 
quency as well as intensity, must not only be related to this reference 
threshold level, but also to a reference frequency, which is taken as 1000 
cycles. These terms and procedures may be found in Tentative Standards^ 
published by the American Standards Association. 

APPARATUS FOR MEASURING NOISE 

Since the relative loudness to the ear, rather than the actual physical 
intensity, is the quantity in which engineers are usually interested, it has 
been found necessary to allow for the varying sensitivity of the ear at 
different frequencies in designing -noise measuring equipment. The most 
satisfactory method of measuring noise is by means of a sound level meter 
which usually consists of a microphone, a high gain audio-amplifier, and a 
rectifying milliammeter which will read directly in decibels. This meter 
is calibrated to give readings above the standard reference level and 
usually contains a weighing network to make it less sensitive at those 
frequencies where the ear is less sensitive. For complete specifications 
relative to the approved type of sound level meters refer to the infor- 
mation^ published by the American Standards Association. 

GENERAL PROBLEM OF SOUND CONTROL 

As previously stated, the problem confronting the air conditioning 
engineer is that of designing a system which will operate without in- 
creasing the noise level in the conditioned space. To be sure that this is 
accomplished, it is necessary: 

1. To determine the noise level existing without the equipment. 

2. To ascertain the noise level which would exist if the equipment were installed 
without sound control. 

3. To provide as a part of the installation sufficient sound control appliances to 
reduce the noise level substantially to that found in Item 1. 

To accomplish this the engineer should have information of three kinds : 

1. A knowledge of the noise levels currently considered acceptable in various rooms 
in order that he may have a basis on which to proceed. 

2. A knowledge of the nature and intensity of the noise created by the various parts 
of the equipment. 

3. A knowledge of how, when necessary, to vary and control the noise level between 
the equipment and the conditioned space. 

In addition, the engineer should have information to analyze noises 


^American Tentative Standards for Noise Measurement. American Standards Association. 

^American Tentative Standards for Sound Level Meters for Measurement of Noise and Other Sounds, 
American Standards Association. 
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which may be transmitted by the duct system from one conditioned space 
to another, or from an outside space to the conditioned space. 

Information concerning the noise levels created by ventilating and air 
conditioning equipment such as fans, motors, air washers, and similar 
items is not yet on a basis which permits tabular presentation, although 


Table 1. Typical Noise Levels 


Roous 


Noisb Lbvxl in Decibbls 

TO BE ANTICIFATED 


Sound Film Studios 

Radio Broadcasting Studios 

Planetarium 

Residence, Apartments, etc 

Theaters, Legitimate. 

Theaters, Motion Picture 

Auditoriums, Concert Halls, etc 

Executive Offices, Acoustically Treated Private Offices 

Private Offices, Acoustically Untreated 

General Offices 

Hospitals 

Class Rooms 

Libraries, Museums, Art Galleries 

Public Buildings, Court Houses, Post Offices, etc 

Small Stores 

Upper Floors Department Stores 

Stores, General, Including Main Floor Dept. Stores 

Hotel Dining Rooms 

Restaurants and Cafeterias. 

Banking Rooms 

Factories 

Office Machine Rooms 


Vehicles 


Railroad Coach 

Pullman Car 

Automobile 

Vehicular Tunnel 

Airplane 


Mul 


10 

10 

15 

33 

25 

30 

25 

25 

30 

35 

50 

25 

30 

30 

45 

40 

40 

50 

40 

50 

50 

65 

60 


60 a 

65a 

50 

75 

80 


Representative 


14 

14 

20 

40 

30 

35 

30 

30 

38 

43 

60 

40 

35 

40 

55 

50 

50 

60 

60 

60 

55 

77 

70 


Max. 


20 

20 

25 

48 

35 

40 

40 

35 

45 

50 

70 

55 

45 

45 

60 

60 

55 

70 

60 

70 

60 

90 

80 


70 

65 

65 

85 

85 


80 

75 

80 

95 

100 


aFor train standing in station a level of about 45 db is the maximum which can ordinarily be tolerated. 


certain manufacturers are prepared to offer such data and do state the 
noise producing properties of their products. A sound test code for fans 
has been developed by the National Association of Fan Manufacturers 
which uses the flat response network of the sound level meter. However, 
when determining the noise generated by an air distribution system, it is 
customary to use the noise level of the fan as determined by the weighting 
network most nearly approaching the noise level of the space. In inost 
cases this will be the noise level of the fan as determined on the 40 decibel 
weighting network. Refer to Table 1 for typical noise levels. 
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KINDS OF NOISE 

To solve a sound problem of this type it is desirable to consider sepa- 
rately the several means by which noise reaches the room. This avoids to 
some extent the necessity of knowing the noise level at the source, and 
instead, places the emphasis on ascertaining the level at the point where 
the sound enters the room. 

The noise introduced into a room or building by ventilating or air 
conditioning equipment may be divided into two general kinds depending 
on how it reaches the room with various sub-divisions: 

1. Noise transmitted through the ducts- 

a. From equipment such as sprays, fans, etc. 

b. From outside, and transmitted through duct walls into air stream. 

c. From air current, including eddying noises. 

d. Cross talk and cross noises between rooms connected by the same duct system. 

e. Noise produced by the grilles. 

2. Noise transmitted through the building construction. 

a. From machine mountings as vibration. 

From equipment through room wall surfaces. 

The next step in the solution of this problem is to present data and 
discuss methods whereby solutions to the noise problem can be obtained 
when the allowable room noise level and the path through which the 
noise reaches the room are known, 

NOISE TRANSMITTED THROUGH DUCTS 

Operation of an air distribution system results in the generation of 
noise which may be transmitted through the ducts to the ventilated or 
conditioned room. The transmission of this noise may be controlled by 
the proper application of sound absorptive material within the ducts. 
The application of the absorptive material is a problem in balancing the 
room noise level requirements against the intensity of the noise generated. 
The four steps in the problem are: 

1. Determination of acceptable room noise level resulting from the operation of the 
equipment. 

2. Determination of noise level generated by the equipment. 

The difference between steps 1 and 2 in decibels is the overall noise reduction required 
between the equipment and the room. In the discussion which follows reduction of 
noise will be referred to as attenuation of noise. 

3. Determination of the natural attenuation of the duct system. 

4. Selection of the proper sound treatment for the duct system. 

The difference in decibds between the overall attenuation required and the natural 
attenuation (3) is the additional sound attenuation to be obtained by absorptive ma- 
terials installed in the duct system. 

DESIGN ROOM NOISE LEVEL 

Measurements of noise levels have been observed by several investi- 
gators in various rooms and locations and are listed in Table 1. The 
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values given were determined with the air conditioning or ventilation 
equipment not in operation, and with all windows and doors closed 
simulating the conditions of an actual installation. 

This is an important consideration, for in offices or stores adjacent to 
busy thoroughfares the difference between the typical noise level in the 
space with the windows and doors open and closed may be as high as 
10 db. Minimum, representative, and maximum levels are given for each 
type of space. The values are intended to give the variation with respect 
to location and not to time, and may be roughly classified by the following: 

Minimum loudness refers to: Spaces of expensive construction, typified 
by double windows, carpeted floors, heavy upholstered furniture, or 
accoustically treated walls and ceilings. 

Representative loudness refers to: Spaces of average construction and 
furnishings which are exposed to external noises typical of the locality 
in which the space is usually found. 

Maximum loudness refers to: (1) Any space of inexpensive construction, 
and bare furnishings where noise is not an important factor. (2) Spaces 
in close proximity to very intense street traffic or to intense factory noise. 

In general, if the noise level in the space resulting only from the opera- 
tion of the air conditioning equipment is equivalent to or less than the 
typical level given in Table 1, the installation will prove satisfactory. If 
the typical level and the equipment level are heard together the resultant 
level will be 3 db higher than either of them. 

In some cases it is desirable to keep the equipment noise level in the 
ventilated or conditioned room at such a value that it actually will not 
increase the noise level in the room to any measureable degree. This can 
be accomplished if the equipment noise at the room can be kept 10 db 
below the noise levels shown in Table 1. 

NOISE GENERATED BY FANS 

Noise generated by fan wheels may be divided into two classifications, 
rotational noise and vortex noise. In ventilation and air conditioning 
work, where the maximum ratio between the fan tip speed and the 
velocity of sound is not greater than 0.12, vortex noise is by far the most 
important. The rotational noise may be described as that due to the 
thrust and torque applied to the air. Vortex noise is that due to the 
shedding of vortices from the blade and is dependent on the angle of 
attack, velocity, air turbulence, and blade shape. Vortex noise is due to 
pressure variations on the blade as a result of variations of air circulation. 
Given the noise level at the outlet or inlet of one type of fan construction 
under specific conditions of size, tip speed, and total pressure, noise levels 
at other values of tip speed, total pressure, and size may be approximated 
by the relationships: 

1. For constant size and pressure rating, the noise level of a fan will increase with 
increasing speed. 

db (change) == 55 logic 
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2. For constant RPM and pressure rating, the noise level of a given type of fan will 
increase with increasing fan size. 

db (change) = 20 logio (2) 

Fan size refers to wheel diameter, housing height or some dimension that is directly 
proportional to lineal units. Fan sizes based on arbitrary systems or systems of preferred 
numbers have no significance. 

The noise of a given fan is not constant at constant speed if the air 
delivery changes due to change of resistance. In general, a backward 
curved blade fan is lowest in noise at or near the point of maximuni 
efficiency; a forward curved blade fan at or between the point of maximum 
efficiency and shut-off;‘an axial flow fan at or between the point of maxi- 


Table 2. Attenuation in Straight Sheet Metal Duct Runs 


Duct 

Size, In. 

Attenuation 

PER Ft, db 

Small 

6x6 


MpiHiiim __ 

24 X 24 


T^rge _ 

72x72 

0.01 



Table 3. Attenuation of Elbows^ 


Elbow 

Size, In b 

Attenuation 
per Elbow, db 

Vpry small 

2 wide 

3 

Small _ _ __ _ 

3 to 15 

2 

MeHiiim . . 

15 to 36 

1.5 

Large 

36 plus 

1 




•The attenuation in vaned elbows should be considered the same as in elbows having the same dimen- 
sions as the radius of curvature of the vanes. If the vanes are hned for the purpose of damping any vibra- 
tions in them, one third may be added to the attenuation values listed. 

t>These attenuation values are based on elbows having a center line radius 1.5 to 2 times the diameter 
or width of the duct. The attenuation will be greater if the ratio is less than 1.5 and less when the ratio is 
greater than 2. 

mum efficiency and free delivery. The noise level of a double width fan 
may be taken as 3 db higher than a similar single width fan operating 
under the same conditions of speed and pressure. 

NATURAL ATTENUATION OF DUCT SYSTEM 

Straight Sheet Metal Ducts, The attenuation of sound in straight sheet 
metal ducts is a function of the length, shape, and size of the duct®. 
Attenuation values are given in Table 2. In general, this attenuation is 
so negligible except for long runs that it may be disregarded for all 
practical purposes. 

Elbows and Transformations. Due to reflective interference, attenua- 
tion will take place at elbows and transformations. The magnitude of 
the attenuation will depend on the size and abruptness of the elbow or 
transformation as shown in Table 3. 


*A.S.H.V.E. Research Report No 1205 — Determining Sound Attenuation in Air Conditioning 
Systems, by D. A. Wilbur and R. F. Simons (A.S.H.V.E. Transactions, Vol, 48, 1942, p. 267). 
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When the area of a duct increases abruptly, an attenuation of noise 
level takes place in the duct. In duct design practice the total area of 
the branch ducts is greater than the supply duct. Similarly with outlets, 
the area of the outlet plus the area of the duct after the outlet is greater 
than the duct area before the outlet. Therefore in an outlet run, attenu- 
ation occurs in the duct as it passes each outlet. Table 4 gives the db 
reduction for various ratios of total branch duct and outlet area to supply 
duct area. 

Grilles to Room. The large abrupt change in area between the grilles and 
the surfaces within a room results in an appreciable noise attenuation. 
This attenuation is a function of the total grille area (supply and return) 
and the total sound absorption of the room in sabines. (The sound absorp- 
tion of a room in sabines is the summation of the products of each surface 


Table 4, Attenuation at Duct Branches or Outlets 


Ratio 

Branch Duct + Outlet Area Sum of Branch Areas 

Supply Duct Area Supply Duct Area 

Attenuation 

PER 

Transformation, db 

1.00 

0.0 

1.20 

, 0.8 

1.35 

1.3 

1.50 

1.8 

1.75 

2.5 

2.00 

3.0 


of the room measured in square feet multiplied by its corresponding 
absorption coefficient). The attenuation is given in Equation 3 as: 

/Attenuation between\ Total Room Absorption in Sabines 

V grilles and room J Total Grille Area 

Values in Table 5 approximate the attenuation for various rates of air 
change, and general types of room surfaces. 

DUCT SOUND ABSORBERS 

The difference between the required sound attenuation and the natural 
attenuation is that which must be supplied by the proper sound treat- 
ment of the ducts. 

Selection of the Absorptive Material 

When a sound wave impinges on the surface of a porous material, a 
vibrating motion is set up within the small pores of the material by the 
alternating sound waves. As the ratio of the cross sectional area of the 
pores to their interior surface is small, the resistance to the movement of 
air in the pores is large. This viscous resistance within the pores of the 
material converts a portion of the sound energy into heat. The decimal 
fraction representing the absorbed portion of the incident sound wave is 
called the absorption coefficient. Considerable absorption may also 
result, particularly in the low frequency range, from the flexural vibra- 
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tions of the duct. In the selection and application of the absorptive 
material, several points should be considered. 

1. For the absorption of the low frequencies the material should be at least 1 to 2 in. 
thick. Thin materials, particularly when mounted on hard solid surfaces, will absorb 
the high frequencies and reflect the low. 

2. In order to take advantage of low frequency noise absorption by panel vibration, 
it is advisable to fasten the absorptive sheets to stripping so that the panels themselves 


Table 5. Approximate Attenuation Between Grilles and Room 


Outlet 

Velocity 

FPM 

Am Change 

Min. I 

1 

Live RooMb 
aa » 0.05 
db 

Medium 
Roomo 
a = 0.15 
db 

Dead 

ROOMd 

a = 0.25 
db 


5 

11 

16 

18 


10 j 

14 j 

19 

21 

500 

15 1 

16 1 

21 

23 


20 

17 

22 

24 


5 

13 

18 

20 


10 

16 1 

21 

23 

750 

15 

18 1 

23 

25 


20 

19 

24 

26 


5 

14 

19 

21 


10 

17 

22 

24 

1000 

15 

19 

24 

26 


20 

20 

25 

28 


5 

15 

20 

22 


10 

18 

23 

25 

1250 

15 

20 

25 

27 


20 

21 

26 

28 


•Average absorption coefficient for the room. 

bLive room average absorption coefficient 0.05. Bare wood or concrete floor — hard plaster walls and 
ceiling — ^mimmum of furniture. 

oMedium room average absorption coefficient 0.15. Carpeted floor, upholstered furniture, hard 
plaster walls and ceiling or bare room with acoustically treated ceiling. 

dDead room average absorption coefficient 0.26. Heavy carpeted floor. Walls and ceiling acoustically 
treated. Upholstered furniture. 

may vibrate. However, the exact resonance characteristics of the panels and thus their 
absorption is so unpredictable that panel resonance cannot be relied upon for a specific 
value of attenuation. 

Requirements for a good sound absorption material are: (1) high 
absorption at low frequendesS (2) adequate strength to avoid breakage, 
(3) fire resistance and compliance with national and local code require- 
ments, (4) low moisture absorption, (5) freedom from attack by bacteria 
and algae, (6) low surface coeffident of friction, (7) particles should not 
fray off at the higher design velodties, and (8) freedom from odor when 
either dry or wet. 

With every application the use of sound absorptive material should be 
considered in the dual function of insulation and sound absorption. It has 
been shown theoretically® that the reduction, in dedbels per linear foot, 


^For coefficients of commercial sound absorbent materials see Bulletin Acoustical Materials Association^ 
919 No. Michigan Ave., Chicago, 111. 

‘Sound Propagation in Ducts Lined with Absorbing Materials, by L. J. Sivian {Journal Acoustical 
Society of America, VoL 9, p. 1937), 
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of sound transmitted through a duct lined with sound absorbing material 
is related in a rather complicated manner to the size and shape of the 
duct,^ to the frequency of the sound, and to the sound absorbing char- 
acteristics of the lining. Experimnetal evidence likewise indicates that 
there is no simple formula involving the variables which will apply 
accurately to all cases. However, it may be stated generally that the 
attenuation is directly proportional to the length of lined duct. It 
decreases as the cross sectional area increases, and increases as the 
aspect ratio is increased. 

The noise reduction varies to a considerable extent with the frequency 
of the sound. In calculating noise reduction, consideration should be 
given both to the comparative efhciency of the duct lining material at 
different frequencies, and to the frequency distribution of the noise to be 




ELEVATION 


Iron band Muslin surface 



Sheet metal housing 

Construction Detail 
2 m rockwool 


1 in. board 


1 in air space 


7 " 


3 ^ 


Sheet metal housing 


Construction detail 
I in. sound absorbing board 


Takeoff 





ELEVATION 


Fig. 1. Absorption Plenums With and Without Sound Cells 


quieted. In the case of fan noise, it is recommended that calculations be 
based on the frequency 256 cycles,^ since most of the noise energy is in 
the region of this frequency. In quieting noise due to air turbulence and 
eddy currents, in which the high frequencies predominate, the frequency 
1024 cycles should be used. 


Plenum Absorption 

In systems, where individual ducts are directed to a number of rooms 
and sound treatment is required in every duct, a sound absorption plenum 
on the fan discharge as shown in Fig. 1, will often prove the most eco- 
nomical arrangement. The absorption in the plenum may be approxi- 
mated by Equation 4. 


db (Attenuation) 


10 logio 


Plenum Absorption in Sabines 
Area Fan Discheirge 


(4) 


The area of the plenum should be at least ten times as great as the fan 
discharge area. The plenum should be lined with 2 in. of muslin covered 
rock wool blanket or 1 in. sound absorbing board preferably nailed to 
wood strips on the inside of the plenum. With such a lining the plenum 
is particularly effective in reducing low frequency fan noise. The abso^- 
tion of the plenum in sabines is the sum of the products of each interior 

627 



HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


area of the plenum measured in square feet multiplied by its corresponding 
absorption coefficient. 

Plate Cells 

One of the most economical methods of applying sound absorbent 
material from the standpoint of both labor and material is the plate cell. 
The plate cell consists of 3^ or 1 in. sound absorbent board, spaced on 2, 3 
or 4 in. centers. The attenuation due to the plate cell may be divided 
into two parts. There is reflection at each end due to the change in area 
and the absorption at the ends. Values for this attenuation are given in 
Table 6 which depend on the spacing. There is also attenuation due 
to absorption of sound within the passages of the cell, which depends 


Jll'l ll 


^Ceilin£ 



1- — ^ 


Muslin covered rock wool or board 




Fig. 2. Outlet Cells for Pan Outlets or Grilles 


on the length and the spacing. The attenuation per foot of length for 
1 in. board neglecting the end effect is given approximately by Equation 5. 


where 


_ lOLa^ *‘ 
“ S 


(5) 


R — attenuation, decibels. 

L = linear length of duct, feet. 

5 = spacing between plates up to 3 inches. 

a = absorption coefficient for the full thickness of the cell material. For typical 
value of a see Table 7. 


An important objection to the plate cell is the increase in duct cross 
sectional area required. Often on the fan discharge, particularly with 
unitary equipment, where a number of branch ducts take off, the plate 
cell may be installed with little or no difficulty. 

Outlet Sound Absorbers 

Outlet sound absorbers are rectangular or plate cells installed directly 
behind an outlet or they may be the lining of a pan or plaque outlet. 
They are particularly effective in the elimination of high frequency 
whistles which are generated by air flow in the ducts. They are also 
employed in large systems with long runs where only a few outlets near 
the fan require treatment. Frequently outlet cells are the only means of 
correcting existing noisy installations, as the duct sections directly behind 
the outlets may be the only sections accessible for treatment. (See Fig. 2.) 
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Table 6. End Reflection of Plate Absorbers 

Percentage Free Area of Absorber 

j Attenuation, db 

50 

1 1 

40 

1 2 

30 

i 4 

25 

5 

20 

1 ® 

! 


Duct Lining or Rectcuigular Cells 

One series of experiments® made on a commonly used type of duct 
lining material (1 in. rock wool sheet) has shown that, subject to certain 
restrictions, the attenuation of single-frequency sounds may be expressed 
by the approximate Equation 6. This equation is accurate within plus or 
minus 10 per cent for duct sizes ranging from 9 x 9 in. to 18 x 18 in., for 
cross-sectional dimension ratios of 1:1 to 2:1, for frequencies between 256 
and 2048 cycles, and for absorption coefficients between 0.20 and 0.80. 

R = 12.6 L ■— ai-‘ (6) 

where 

R = attenuation, decibels. 

L = length of lined duct, feet. 

P = perimeter of duct, inches. 

A = cross-sectional area of duct, square inches. 

a = absorption coefficient of lining. 

In Table 7, the absorption coefficients at different frequencies of a 
material of the previously mentioned type are listed, together with the 
corresponding values for Equation 6. 

Results of other experiments indicate, however, that Equation 6 may 
be in error when applied to other types of duct lining material and to duct 
sizes and shapes outside of the range specified. An empirically derived 
chart^ representing the average experimental data on a number of different 
types of materials including the rock wool sheet mentioned as applicable 
to Equation 6 is shown in Fig. 3. Since individual materials vary, the 
curves in Fig. 3 are given only as representing the best available averages 
for duct sizes of square cross-sections from 6 x 6 in. to 48 x 48 in. As an 


Table 7. Attenuation Formulae for 1 In. Thick Typical Duct Lining Board 


Frequency 

Absorption Coefficient 

Attenuation Reduction, db 

256 

0.37 

3.0 L P/A 

512 

0.69 

7.5 L P/A 

1024 

0.78 

9.5 L P/A 

2048 

0.78 

9.5 L P/A 


•The Absorption of Noise in Ventilating Ducts, by Hale J. Sabine {Journal Acoustical Society of America, 
Vol. 12, p. 53, 1940). 

^The Prediction of Noise Levels from Mechanical Equipment, by J, S. Parkinson {Heating and Venti- 
lating, March, 1939, pp. 23-26). Methods of Ratmg the Noise from Air Conditioning Equipment, by 
J. S. Parkinson (A.S.H.V.E. Journal Section, Heatxng, Piping and Air CondtUontng, July, 1940, p. 447). 
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illustration, the dotted lines in the chart show values calculated from 
Equation 6 which indicate that the slope for this particular material is 
somewhat different than from the average curves. The curves in Fig. 3, 
as well as Equation 6, show that the attenuation in decibels is directly 
proportional to the length of duct lined, and that the larger the duct the 
greater will be the length which must be lined in order to obtain a given 
noise reduction. 

If the length of duct from the main duct to a grille is shorter than the 
length of lining indicated by the calculations, this duct may be sub- 
divided into smaller ducts, as shown in Fig. 4. The increase in noise 



Fig. 3. Sound Attenuation for Various Absorbing Duct Liners 


reduction thus obtained may be calculated from Equation 7, providing 
the splitters are installed parallel to the long side of the duct: 

where 

Rs = reduction with splitters, decibels. 

Ro = reduction in same length of duct, without splitters, decibels. 
a — dimension of short side of duct, inches or feet. 
b = dimension of long side of duct, inches or feet. 
n — number of channels formed by splitters. 

Example 1, An air conditioning installation is to be installed in a small theater. 
Determine the necessary sound treatment for the air distribution system to provide a 
satisfactory noise level in the theater utilizing these conditions: 

Fan tip speed 4000 fpm, total pressure 1.25 in 1 77 db 

Acceptable room noise level (Table 1) 40 db 

Required attenuation 37 db 

Solution: Natural attenuation of supply duct. 

Sheet metal duct 50 ft long 48 in. x 36 in. (Table 2) 50 x 0.01 0.5 db 

Elbows, two size 48 in. x 36 in. (Table 3) 2 x 1 2.0 db 

Attenuation grilles to theater air change 10 min (Table 5) outlet 

velocity 1000 fpm 22.0 db 

Total natural attenuation J24.5 db 


630 




CHAPTER 33. SOUND CONTROL 


Differen<^ between required and natural attenuation, 37 minus 24.5, is 12.5 db. This 
attenuation must be supplied by sound treatment in the duct, either in the form of duct 
lining or plate cells. 

A similar analysis of the return duct system, shows that 15 db attenuation are to be 
furnished by absorptive material. An inspection of the installation shows that the 
lining of the plenum on the suction side of the fan would prove the most economical, 
where it would secure the dual function of heat insulation and sound absorption. 

Eocample A 10 x 20 in. duct is connected to a private office space in a quiet location. 
Determine^ the length of lining necess^ to attenuate average fan noise satisfactorUy, 
using a lining material of a t}^ to which Equation 6 applies, and having an absorption 




Fig. 4. Diagram of Branch Duct Treatment Where Length 
IS Insufficient for Adequate Absorption 


coefficient of 0.40 at 256 cycles. Assume that the duct is only 12 ft long as shown in 
Fig. 4, and that a 30 db reduction is required in this length. 

Solution: 

Case 1, (No splitters), From Equation 6, 

AO 

Ro •= 12.6 X 12 X ^ X 0.40i-‘ = 12.6 db 


Case S. (Two splitters, three channels), From Equation 7, 


Rn 


12.6 X 


10 + (20 X 3) 

10 +20 


= 29.6 db 


Am SUPPLY OPENING NOISES 

When air is introduced into a room through a grille or register at a 
constant velocity, sound energy is being introduced into the enclosure at 
a constant rate^ Due to partial reflection at the bound^es of the en- 
closure, the intensity of soimd at any point in the space builds up to some 
meiximum value. In a large room at a point remote from the source of 
sound (the supply opening) the intensity can be shown to be substantially 
proportional to the rate at which sound energy is generated and inversely 
proportional to the number of sound absorption units (sabines) in the 
room. It would thus appear that doubling the sound absorption of the 
room would halve the intensity and result in a noise level decrease of 3 db. 

Grille noise is similar in character to fan vortex noise. Knowing the 
noise level at the face of a grille for a given grille blade setting the noise 


•The Noise CbaTacteristics of Air Supply Outlets, by D. J. Stewart and G. F. Drake (A.S.H.V.B. 
Transactions, Vol. 43, 1937, p. 81). 
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will vary as given in Equation 8 where V is the velocity of the air through 
the grille. 

db (change) = 55 logio 

For a change in blade setting Equation 9 applies and in this case the 
total pressure is measured directly behind the face of the grille. For a 
typical air conditioning grille the noise level at the grille face may be 
approximately 48 db with a total pressure behind the grille of 0.1 in. 



RATE OF FLOW, CFM 

Fig. 5. Air Flow and Loudness Chart 


The resultant room noise level can be approximated by Equation 10. 

^ r 1 TNoise Level at Facel Total Room Absorption in Sabines,,^, 

Room Level = |_ J - 10 logio Total Grille Area 

Grille Selection 

In practice the allowable total sound and the required air flow are 
usually known, and it is desired to determine the maximum allowable 
velocity. In comparing sound ratings of various grilles several factors 
must be known if the information is to be properly applied : 

1. The threshold intensity on which the decibel ratings are based. 

2. The distance from the grille at which data were taken, 

3. If stated as loudness level versus velocity for a given grille, the core area (not 
nominal area) must be known. 

4. The sound absorbing characteristics of the test room. 

5. Whether or not corrected for test room loudness level: if not, the room ‘level 
(without grille noise) must be known. 

6. Methods used for recording data. (Characteristics of sound meter). 

Since total loudness and air flow are both functions of velocity and area, 
the solution of the problem implies a trial and error method. It has been 
found possible to present these data with sufficient practical accuracy as 
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a family of uniform curves, as illustrated in Fig. 5, which are based on 
these assumptions: 

1. Threshold intensity = 10-^® watts per square centimeter®, 

2. Microphone location 5 ft from lower edge of supply opening on a line downward at 
45 deg and in a plane bisecting the supply opening perpendicularly. 

3. Where data are given as loudness level versus velocity, the rating is per square foot 
of core area. 

4. The room is assumed to have 100 sabines absorption. 

5. Plotted data are loudness levels of supply openings only, correction having been 
made for test room level. 

6. Data taken with a direct reading sound-level meter with frequency weighing 
network intended to approximate the response of the human ear. 

If the published ratings are in terms of decibels per square foot, cor- 
rection must be made for area to secure the total sound level of supply 
openings of more or less than one square foot area from Equation 11. 

Decibel Addition = 10 logioA (11) 


where 

A = core area, square feet. 

With Fig. 5 it is possible to find directly the velocity in feet per minute 
which will give a predetermined total loudness at a predetermined rate of 
flow expressed in cubic feet per minute. The values used are arbitrarily 
chosen for the purpose of discussion and do not necessarily represent data 
referring to any particular design of air supply opening. A correction 
chart is shown in Fig. 6 for a room having a sound absorption other than 
100 sabines. 

Example 5. Determine the core area (see Chapter 31) of an air supply grille which 
will maintain a noise level of not more than 40 db in a room having 100 sabines of sound 
absorption, if an air volume of 2400 cfm is required to maintain the proper air con- 
ditioning. 

Solution. Assuming a grille noise rating of at least 5 db below the noise level of the 
room, Fig. 5 shows that the limiting grille velocity for a total loudness of 35 db is about 
725 fpm and the core area becomes fixed at 2400 725 or 3.31 sq ft. 

If the room absorption had been greater, the previously selected velocity of 725 fpm 
would be safe, since the loudness reduces. If the room absorption had been 200 sabines 
a correction of plus 1.3 should be made by reference to Fig. 6, and the permissible velocity 
becomes that corresponding to a total loudness of 36.3 or approximately 800 fpm. 

If the room had been highly reflective with an absorption of less than 100, the cor- 
rection would be much more important. For instance, for a room of 35 sabines a cor- 
rection of minus 3 db should be made and the maximum velocity corresponding to the 
32 db total loudness would be approximately 600 fpm. 

Where more than one supply opening must be considered, the problem 
is more complicated. If a similar supply opening is added in a far corner 
of a highly absorbent room, the change in noise level at the 5 ft station at 
the first supply opening is small; however, if the room is small, or highly 
reverberant or both, the intensity at the 5 ft station may be almost 
doubled and the noise level increased nearly 3 db thereby. The simplest 


•Loc. Cit. Note 1. 
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method of handling this problem is to treat the room as though all the air 
were being supplied by one supply opening. Thus, if two outlets, each 
supplying 1000 cfm are used, the value 2000 cfm should be used with 
Fig. 5. Although this method may place an unwarranted limit on velocity 
when used in a large room, it is seldom that such a room has a noise level 
low enough to justify a more complicated though more exact procedure. 

In general, return grilles are selected for velocities about half the supply 
velocity, and when this is done, they may be neglected in sound computa- 



tions, However, if supply and return grilles are the same size, resulting in 
the same face velocity, they must be treated as two supply openings. 
That is, if 1000 cfm are supplied and exhausted through grilles of the same 
area, 2000 cfm must be used in the solution with Fig, 5. 

CROSS TRANSMISSION BETWEEN ROOMS 

Ducts serving more than one room permit cross talk between the rooms 
and should be lined with acoustical material. Where the rooms are close 
together and the ducts short, the ducts should be sub-divided to provide 
ample acoustical treatment. Lagging material similar in character to 
acoustical board, when placed on the outside of ducts serves to prevent 
noise originating outside the ducts being carried inside the ducts and into 
the air stream. 
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A case where outside lagging is desirable occurs when ducts originate 
at the fan in the equipment room and pass through this room on the way 
to the room being conditioned or ventilated. Unless the ducts are lined 
some of the mechanical noise from the equipment room air may be trans- 
mitted through the wall of the duct, thus reaching the air stream and be 
carried into the room. In such cases, that portion of the duct which is 
exposed to the sounds in the equipment room should be lagged with 
material such as cork, pipe covering or other sound damping material to 
prevent the sound from entering the duct at this point. Numerical data 
are not available to permit a simple and practical calculating procedure 
to determine thickness of covering which should be used for this purpose. 

Laboratory measurements have shown that the loss through a sheet of 
No. 22 gage metal is 24 db. When a sheet of rock wool insulation 1 in. 
thick and weighing 1.4 lb per square foot is added to this, the insulation 
value is increased to 29 db. In general, however, adding a layer of 
insulation or pipe covering does not materially increase the sound insula- 
tion value unless the material is dense, or unless it is surfaced with another 
sound impervious layer such as metal or board. Inside lining material 
used in the case previously mentioned would serve as an absorber of the 
sound transmitted through the duct walls, and thus act as a means of 
preventing the transfer of noise into the air stream. Inside lining may also 
be used in ducts to absorb noise which reaches the air stream from equip- 
ment such as fans, sprays and coils; noise due to eddying currents set up 
by elbows, dampers and similar obstructions; and noise transmitted 
from room to room where there is a common duct system. 

NOISE THROUGH BUILDING CONSTRUCTION 

It is impossible to select equipment which will operate without pro- 
ducing some mechamical noise, and since the equipment must be mounted 
in a building, it is probable that a part of this noise will be transmitted 
to tihe building to such a degree as to make noisy conditions in the rooms 
which are to be air conditioned. 

Much of this noise may be transmitted by the duct if it is rigidly con- 
nected to the fan outlet. It is common practice to make the connection 
between the fan and the duct with a canvas sleeve which effectively 
restricts noise at this point. Noise may also enter the building through 
the mounting of the motor and the fan. Flexible mountings should be 
provided in all installations but these mountings must be carefully 
designed so that they will actually reduce the ener^ transmitted between 
the machinery and the supporting floor. If a flexible material is used, it 
is desirable to investigate the installation so that it is not short-circuited 
by through bolts which are improperly insulated and by electrical conduit 
which is not properly broken and is attached both to the equipment and 
to the building. The flexible mounting, if improperly engineered, may 
actually increase the energy transmitted between the equipment and the 
floor upon which it is supported. 

In the proper isolation of vibration, which is usually in the lower range 
of frequencies and does not include the air borne vibrations known as 
sound, there is one basic law which is important in the solution of the 
problem. That is the law of transmissibility as governed by the equation : 
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where 

T “ transmissibility of the support. 

w — frequency of the vibratory force. 

Wn = natural frequency of the machine unit on its support (Damping = 0). 

Equation 12 shows that the transmissibility approaches unity for 
disturbing frequencies considerably lower than the natural frequency of 
the mounting. As the disturbing frequency is increased the transmis- 
sibility is also increased until at the resonant frequency, where w 
the transmissibility becomes infinite. This is not true in practice because 
all materials have some internal damping effect. However, operating at 
or very close to the resonant frequency is always serious as forces and 
stresses may be multiplied 10 to 100 times. As the disturbing frequency 
becomes greater than the natural frequency the transmissibility becomes 
a smaller quantity and at the value of w/wn = it again has the value 
of unity. Beyond this point true isolation is first accomplished. At a 
ratio of 3 to 1 for w to Wn the isolation is effective enough for practical 
application, and experience and economical design have shown that a ratio 
of 6 to 1 is good. For high speeds, higher ratios for w to Wn are easily 
attained and give better results for effective vibration control but for the 
lower speeds as experienced with compressor work the higher ratios 
become uneconomical. 

For a given installation the speed of the compressor is fixed by the 
specifications, therefore the value of w is fixed. That leaves only Wn to be 
determined and that is accomplished by the choice of mounting material 
and design for the support of the machine. It is well to keep in mind that 
when trying to isolate vibration, no attempt should be made to isolate the 
driving and driven piece of equipment separately. The two should be 
mounted on a rigid frame and then the entire assembly isolated according 
to the rules presented in this chapter. 

The value of Wn can be controlled by the flexibility of the machine 
support, and when the deflection of the machine support is proportional 
to the load applied (such as springs or nearly so with rubber in shear) the 
value of Wn can be determined by Equation 13. 

Wn = (13) 

where 

g ~ gravitational constant. 

d — static deflection of supporting material. 

w s= radians per second and may be converted to frequency (/) expressed in cycles 
per second by Equation 14. 


(») 

By the use of Equation 13 a set of curves may be plotted as shown in 
Fig. 7. The first line AB plotted as the critical frequencies for the various 
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static deflections, is a curve showing the worst possible conditions or 
resonant conditions. 

Plotting another curve CP, which is times curve AB, shows the 
area M CDN in which the resilient material or mounting does more harm 
than good. Plotting two more curves EF^ 3 times curve AB, and GH, 5 



Fig. 7. Static Deflection for Various Frequencies 


times curve AB, shows area EGHF which represents efiiaent and eco- 
nomical isolation. Area GPOH is excellent isolation but for all except the 
highest speeds becomes rather uneconomical because of the large deflec- 
tions required. 

Eocample S. An electric motor driven compressor unit is to be isolated. The com- 
pressor is partially balanced and operates at a speed of 360 rpm. The speed of the motor 
is 1160 rpm and is belt connected to the compressor. Total weight of the compressor 
and motor is 4500 lb. 

Solution: The minimum disturbing frequency to be isolated is 360 cycles per minute. 
Assume that the desired ratio of forced to natural frequency is 3 as a minimum and that 
5 is desired. The desired natural frequency of the mounting is 360 -5- 5 = 72 cycles 
per minute. 

From Fig. 7 a deflection of 7 in. is required to attain a natural frequency of 72 cycles 
per minute. This value may be obtained from critical curve AB for 72 cycles or from 
curve GH (5 times critical) for 360 cycles. For the minimum ratio of 3 the deflection 
would be 2.5 in. 

The next step is to determine the total weight to be supported by the springs. For 
low speed partially balanced compressors, it has been found necessary to add a founda- 
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tion weighing 2 to 3 times the weight of the motor and compressor, in order to maintain 
the machine movement below 0.03 in. 

Compressor and motor 4,500 lb 

Concrete foundation 9,000 lb 

Total 13,500 lb 

Practical application dictates the number of springs to be used, which is based on the 
design of the machine foundation and the supporting floor structure. However, it is 
desirable to design for at least 8 springs and one or two spares for cases of unknown 

weights. As many as 50 springs have been used on one installation. The distribution 

of the springs must be balanced against the masses to be supported, otherwise the 
foundation design and supporting structure determine the location of the springs. 

The choice of the material used in the design of the resilient mounting 
is also important. For the slow-speed type compressor a common speed 
found in practice is 360 rpm. For speeds below this, isolation should not 
be attempted except under careful supervision. Referring to Fig. 7, it is 
found that for 360 rpm the static deflection required for a ratio of w/w^ 
of 3 to 1 (line £F) is 2.5 in. and for a ratio of 5 to 1 (line GH) it is 7 in. 
For these values of deflection the only choice of material is the coil spring. 
This is also true for speeds up to about 700 rpm. In consideration of the 
transverse spring constant (so as to maintain good ratios among the 
various degrees of freedom) experience has shown that the spring should 
be designed with a working height equal to 1.0 to 1.5 times the outside 
diameter. A long spring of small outside diameter has very low transverse 
rigidity and therefore requires some additional means of preventing side 
drift of the unit and on very sensitive applications this may tend to 
destroy the isolation efficiency. For speeds of 700 to 1200 rpm the required 
deflections range from 0.22 in. to 1.75 in. For these conditions rubber in 
shear serves as a rather satisfactory material if protected from oil. For 
speeds higher than 1200 rpm' cork specially made for vibration damping 
can be applied with good results. These limitations are by no means 
absolute because with careful and well engineered installations, especially, 
in consideration of all six degrees of freedom, certain liberties may be 
taken and still good results accomplished. 

When a machine unit is properly isolated it will have a definite amount 
of movement which is determined by the ratio of the unbalanced forces 
to the total mass of the machine. If this resultant machine movement is 
too great for the necessary connections or the satisfaction of the customer 
it can be reduced only in two ways without destroying the quality of the 
isolation; first, adding mass or dead weight to the machine (such as 
concrete)* common in the application of low speed, partially balanced 
machinery; second, accurately balancing (both statically and dynamically) 
all moving parts so as to eliminate the vibration at the source. This 
latter methc^ is the best engineering practice and is the modem trend. 
However, even with well balanced machinery, installed in the vicinity of 
quiet offices it is usually necessary to properly isolate the equipment to 
prevent the transmission of vibration likely to cause complaints. 

Where limitation of machine movement is desired during the starting 
and stopping periods, the application of friction or hydraulic damping 
will serve without seriously interfering with the efficiency of the isolation. 
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Basic Types of Control, Types of Functions of Controllers, 
Designation of Temperature Control, Automatic Control 
Terminology, Residential Control Systems, Control of Auto- 
matic Fuel Appliances, Zone Control, Control of Unit Systems, 
Control of Refrigeration Equipment, Application of Control 
Devices to a Typical System 


T he function of automatic control, as applied to the heating, venti- 
lating and air conditioning industry, may be broadly subdivided 
into the maintenance of temperature, humidity, pressure, and liquid levels 
within predetermined ranges. It automatically coordinates the operation 
of the various controlled mechanisms in proper sequence to produce the 
desired result. A thermostat, for instance, is a controller responsive to 
temperature which initiates a force that repositions valves, dampers, etc., 
as required to maintain selected temperatures. Similarly, a hygrostat or 
humidistat is a controller responsive to relative humidity which initiates 
a force that repositions the controlled sources as required to maintain a 
selected relative humidity. 

BASIC TYPES OF CONTROI 

There are two basic types of contollers, (1) the two-position, on-off, or 
positive acting controller, which functions to move a valve, damper or 
electric switch through its full travel (not necessarily 100 per cent) from 
open to closed position and vice versa, and (2) the throttling, proportioning, 
or intermediate acting controller which functions to reposition the valve, 
damper, or other controlled device by small increments of its total travel 
as the controller senses a slight change in the controlled condition. The 
available equipment may be broadly sub-divided into three main groups, 
{a) self-contained equipment, (b) electrically operated equipment, and (c) 
pneumatically operated equipment, 

Seli-Contained Equipment 

In self-contained controllers the primary source of power is the vapor 
pressure of an enclosed volatile liquid which varies with the temperature 
changes of the controller bulb. Such pressure changes are transmitted 
directly into the bellows or diaphragm mechanism of the controlled 
valve. Devices of this type produce gradual operation and are used to 
regulate the flow of heating and cooling media to coils, radiators, euid 
liquid tanks. Each instrument is designed to operate within a pre- 
determined selected temperature range and for a given condition. Care 
must be exercised to select a type which has the ability to withstand any 
possible over-run of temperature at the control bulb without damage to 
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the instrument. Instruments of this type are available either with a rigid 
bulb or with a flexible tubing which connects the control bulb to the head 
of the instrument. This tubing is usually protected by a flexible metal 
covering or armor and is available in varying lengths. 

Electrically Operated Equipment 

Electrically operated equipment for either two position control or throt- 
tling control is available in either low voltage or high voltage type. Low 
voltage equipment usually is designed to operate on 20 to 24 volt current. 
High voltage equipment may be used in connection with any of the 
standard voltages. The individual units of this type of system are inter- 
connected by wiring circuits which carry the commands of the controller 
to the motors operating the controlled valves or dampers and to stop and 
start electric motors driving the controlled equipment. Simple make and 
break electric thermostats are used to stop and start motors and for two- 
position control of valves and dampers. Modulating electric control may 
be accomplished by the unbalancing of some form of Wheatstone bridge 
which in turn causes the repositioning of a motor element which moves 
the valve or damper. In some controllers the impulse from more than one 
Wheatstone bridge can be integrated in one motor element. 

Controllers for modulating electric control vary from the contact type 
in that the electrical mechanism consists of a variable potentiometer. 
The potentiometer includes a contact finger which moves across a coil of 
resistance wire wrapped on a suitable bobbin. The contact finger is 
actuated by a temperature, pressure, or humidity sensitive element. 

When the same amount of current is flowing through both coils of a 
balancing relay the contact blade will be in the center of the space between 
the two contacts and the motor will be at rest. 

Changes in the conditions at the controller will affect the circuit so that 
the amount of current flowing through the two relay coils will not be 
identical. Whenever the current through these two coils becomes un- 
balanced, one of them will become stronger and the U shaped armature 
will be tilted. The movement of the armature will close one of the relay 
contacts which in turn will start the motor running either clockwise or 
counter-clockwise, until the circuit is again balanced by the resulting 
movement of the motor balancing potentiometer, whereupon the relay 
contact will break and the motor will stop. 

The development of specialized industrial control equipment using 
electronic principles has made rapid progress during recent years. Tem- 
peratures may be measured and controlled to fractions of a degree by new 
applications of the photo-electric cell.- Its accuracy and flexibility make 
it applicable to a variety of automatic devices and controllers. 

Pneumatically Operated Equipment 

In pneumatically operated equipment the primary source of power is 
compressed air at a pressure of 15 to 25 lb per square inch which should 
be clean, dry and free from oil vapor. It is desirable to compress the air 
to a pressure of 70 lb per square inch or more to provide for a precipitation 
of moisture due to temperature drop in the high pressure receiver in 
order to reduce the dew-point of the air to the controllers below that of the 
lowest ambient temperature of the air lines. 
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The compressed air piping from the source of supply to the inlet side 
of the controller is known as the main. The connections from the outlet 
of the controller to the pneumatic motors, are known as branches. 

Throttling type controllers, of the pneumatic type, are basically air 
pressure regulating valves actuated by the controlled condition to vary 
the branch line pressure and thereby reposition the controlled valves or 
dampers as required to maintain the desired condition of the controlled 
media. A direct acting controller increases its branch pressure on an 
increase of the controlled condition. A reverse acting controller increases 
its branch pressure on a decrease of the controlled condition. Several 
different devices may be operated from the branch line of a single con- 
troller in selected sequence by the proper spring loading of the respective 
pneumatic diaphragm motors. Small air pressure gages connected into 
the branch at each controller will indicate the controller action and are of 
great convenience to the operator in adjusting the system. 

The simplest form of pneumatic thermostat is based on the leak stat 
principle which consists of a restrictor in the air supply to the instrument, 
a leak port having a larger port than the restrictor and a bi-metallic strip 
or diaphragm chamber which expands on a rising temperature and con- 
tracts on a falling temperature. This power is used to reposition the lid 
seat to close or open the leak port. As the leak port is gradually closed 
the pressure in the branch increases until it approaches the full main 
pressure in the fully closed position. As the lid seat moves away from the 
leak port the pressure in the branch decreases until the branch is fully 
exhausted when the lid seat restriction of the leak port is entirely removed. 
The b^sic leak stat principle of operation has been refined by the addition 
of supplemental relays in nearly all current types. 

TYPES AND FUNCTIONS OF CONTROLLERS 

Descriptions or functions of various types of controllers follow. 

A single-duty room thermostat controls the heating or cooling devices to maintain the 
desired temperature. 

A dual or two-temperature room thermostat controls the respective heat sources to 
maintain alternately two selected temperatures. They may be indexed manually or by 
time switch from central points in selected zones. 

A high-low room thermostat is similar to the dual thermostat, except that it is indexed 
individually by the manual operation of a push button or switching device built into 
the individual instrument. 

A suh-master or remote readjustable room thermostat is a pneumatic room type instru- 
ment fitted with a readjusting diaphragm^ to which a separate pilot air line connection is 
made. As the pressure in the pilot line is raised from 1 lb to 13 lb, or as selected, the 
operating point of the controller may be increased or decreased within predetermined 
limits. Indexing may be done by a manual gradual switch or master thermostat.^ 

A pneumatic master or pilot thermostat varies the pilot pressure to the readjusting 
diaphragm of one or more sub-master thermostats to vary their operating point in accor- 
dance with a predetermined change in the temperature sensed by the master thermostat. 

A summer-winter room thermostat operates at any selected temperature as a direct 
acting controller during the heating season and operates at the same or any other selected 
temperature as a reverse acting controller during the^ cooling season. Groups of these 
instruments may be indexed from a central point or individually indexed by a manual 
push button or a switching lever built into each instrument. They may be used to 
control volume dampers of a summer-winter air conditioning system to maintain a 
desired temperature condition in the controlled space, and will operate to close normally 
open dampers on a rising temperature during the heating season and to open same on a 
rising temperature during the cooling season. 
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A summeT’-winter suh-master or summer-^winter remote readjustahle room thermostat is 
similar to the summer-winter thermostat but is arranged to permit resetting of the control 
point by a master thermostat or by a manual gradual switch or other selected device. 

^ A humidity compensated thermostat is a room type gradual acting thermostat combined 
with, and readjusted by, a hygroscopic element. It may be used to maintain a constant 
effective temperature. 

The humidity sensitive element usually functions to raise the operating point of the 
temperature sensitive element one degree for a predetermined drop in relative humidity 
and lower the operating point of the temperature sensitive element proportionately for 
a similar increase in relative humidity. 

An insertion or duct thermostat of tube type is usually equipped with a rigid bulb, 
consisting of a brass tube enclosing an invar rod which usually has a maximum range of 
0 F to 250 F, or consisting of a vapor disc type which operates through a similar range 
but in which the type of disc must be selected to function at given temperature incre- 
ments throughout that range. It is available in the remotely readjustable or sub- 
master type, which may be reset in the same manner as the suh-master room type ther- 
mostat. This type of instrument may also serve as a master thermostat. 

An immersion thermostat is similar to an insertion thermostat, except that the bulb 
fitting is threaded for insertion through the wall of a vessel containing a liquid. A union 
connection and separable well or socket are available where it is desirable to provide for 
the removal of the controller bulb without the necessity of draining the vessel to the 
bulb level. 

A differential thermostat has two flexible capillary tubes fitted with plain bulbs, or 
with bulbs having flanges or having threaded connections. One sensitive element is 
subjected to the controlled temperature and the second element is exposed to the tem- 
perature which is to determine the controlled temperature. The instrument functions 
to maintain a definite relation between the two temperatures. 

A remote bulb or extended tube controller may be of liquid, vapor, or gas filled type. A 
bulb of this type of instrument is connected to the instrument head by means of a flexible 
capillary tube of the desired length. The external diameter, bore, and material used to 
form the capillary vary with the type of control system. 

An indicator controller is a controller fitted with a pointer, thermometer, or gage which 
indicates the controlled condition. 

A recorder controller is a controller, combined with a clock mechanism and chart, 
which both controls and records the controlled condition. 

A time cycle controller is a controller equipped with a clock mechanism which auto- 
matically raises and lowers the control point of the instrument to meet a required time 
schedule. 

A hygrostat or humidistat is an instrument for controlling relative humidity. It may 
be of a room, insertion, indicating or recording type^ and may be direct or reverse acting. 

Many forms of hydroscopic materials, such as human hair, wood, bi-wood and mem- 
brane of selected tj^e, are used as the sensing medium for these instruments. Where 
the controlled condition ranges below 20 per cent or above 70 per cent, or the dry-bulb 
temperature is above 100 F, careful selection of the hygroscopic element is essential. 

A static pressure controller is frequently used to provide a constant pressure in a duct 
system in which the volume of air supply is variqd to maintain temperature or some other 
condition, and usually it operates to reposition dampers installed in the fan vortex or 
other selected location. It usually functions to maintain a pressure differential between 
the atmosphere and the pressure or vacuum of the controlled condition. It is frequently 
necessary to pipe the neutral chamber to a selected location to obtain a true basic 
condition. 

A velocity regulator is a controller actuated by the velocity of the medium which it controls. 

A solenoid air valve or electric pneumatic switch is an electrically actuated three-way air 
valve which may be either direct or reverse acting. It is frequently used in connection 
with fan ventilating systems to close outdoor intake dampers and heater coil valves 
during the period when the fan motor is stopped., 

A pneumatic relay or cumulator is a device fitted with a readjusting diaphragm to 
which a separate pilot connection is made. It is installed in the branch between the 
controller and the controlled valves or dampers, and functions to accelerate, magnify 
or reverse the action of the controller. Direct acting relays increase the brandi pressure 
on an increasing pilot pressure. Reverse acting relays decrease the branch pressure on 
increase of pilot pressure. 
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^ A duplex cumulator or relay is a device having two pilot connections either of which 
will vary the branch pressure on a changing pilot pressure. 

An averaging cumulator or relay is a device arranged to vary the branch pressure as 
dictated by the average of the pressure of two or more pilot connections. 

A multiple cumulator or relay is a device having more than two pilot connections any 
one of which will vary the branch pressure on a changing pilot pressure. 

A control valve may be considered as a variable orifice designed to control the flow of 
liquids, gases and other fluids. 

The use of the flat disc type of valve is usually restricted to on-off control require- 
ments. Throttling valves are generally equipped with selected forms of plug to produce 
the flow characteristics required for the special problem. Special plugs can be shaped 
to produce almost any desired flow characteristics. The three types of plugs most widely 
used are the V-port skirt type, the throttle plug, and the ratio plug. 

A diaphragm valve is a valve which is operated by a diaphragm attached to the valve 
stem. ^ Increasing air pressure on the diaphragm moves the valve against the pressure of 
opposing springs which return the valve to its normal position on a decreasing diaphragm 
pressure. The pressure range required to fully reposition a valve has four limiting factors, 
viz., the size of the diaphragm top, the tension of the selected spring, the packing gland 
friction and, for all single seated valves, the pressure of the controlled media against 
which the valve must hold. 

A direct acting or normally open diaphragm valve will assume an open position due to 
spring action when all operating power is removed. 

A reverse acting or normally closed diaphragm valve will assume a closed position due to 
spring action when all operating power is removed. 

K double seated balanced or semi-balanced valve is designed for use with high pressures 
and is practically balanced regardless of the pressure differential across the plug. The 
diaphragm tops for valves of this type need only have ample power to close the valve 
against the tension of the opening spring plus the friction of the valve packing gland. 
While plugs and seats for this type of valve can be arranged to provide for tight seating 
for special purposes, such a requirement is not ordinarily expected. 

^ A three-way mixing valve having two inlets and one outlet, is fitted with a double faced 
disc, operating between two inlet ports, which functions to close one port as the other is 
opened, and is used for mixing service. 

A three-way diverting or by-pass valve has one inlet and two outlets with two separate 
discs operating on the outside of the respective valve seats to close one as the other is 
opened; and is used for diverting service. 

A pilot positioner or valve positioner is an auxiliary control device repositioned by the 
controller pressure and having a direct connection to the valve stem. It permits the full 
available air pressure to be used on the diaphragm top to overcome hysteresis, packing 
gland friction and pressure variation of the controlled media, to position the valve 
precisely in accordance with the controller pressure. 

A pneumatic damper motor is a diaphragm or bellows assembly operating against 
resisting springs to reposition an arm or lever assembly. They may be attached directly 
to the damper frame, either inside or outside of same, or fitted with brackets for wall or 
floor mounting. The springs used to return the motors to their normal positions are 
available in several tensions to permit their operation in selected sequence. Pilot posi- 
tioners may be applied to damper motors in the same manner as described above for 
diaphragm valves. 

Pneumatic dampers in either the single blade or multi-louver type should be sub- 
stantially built in heavy frames, properly braced to hold true against any^ sag in the 
supporting structure, in order to prevent distortion of the louvers and binding of their 
supporting trunnions. When large dampers are used for open and shut control, the 
regular multi-louver type of damper serves the purpose. Where accurate volume control 
is desired with gradual positioning of the damper blades, the adjacent louvers should be 
arranged to move in opposite directions in order to properly proportion the available 
free area through the damper from its fully open to its fully closed position. Multi- 
louver dampers with louvers which all move in the same direction provide full free ^ea 
through all but their top and bottom louvers when the louvers reach 45 d^ open position, 
^^ere fairly tight closing is desired, the damper frames should be fitted with solid stops 
against which the louvers can close and where additional precautions are necessary, 
rubber or felt stripping may be glued and riveted to the louver edges. The metal frames 
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of the smaller dampers are usually made of M'in. stock. Solid stops are usually H in. 
deep. The free area of the duct enclosing the damper is thereby reduced in. in each 
dimension through the damper. Where channel frames are used, the restriction is in- 
creased accordingly. Damper louvers should be suspended on non-corrosive trunnions. 
Thrust bearings are necessary to properly support large vertical louvers. W’^here ball or 
roller bearings are required for special conditions, they should be of the non-corrosive 
type. 

DESIGNATION OF TEMPERATURE CONTROL 

Temperature may be controlled from three basic conditions: 

Dry-bulb Control: The controller element senses the dry-bulb temperature. 

Wet-Bulb Control: The controller element senses a true wet-bulb temperature. 
Wicking of selected material suspended from the controller element to a water trough 
directly below the element is one of the mediums frequently used to obtain wet-bulb 
temperature. True wet-bulb temperatures can only be maintained with clean wicking 
and air motion of not less than 600 fpm. The use of distilled water in the wet-bulb 
reservoir is desirable. Since the wet-bulb temperature indicates the heat content, this 
form of control while requiring additional and intelligent care to maintain true w'et-bulb 
conditions, has many definite uses. 

Dew-Point Control: A saturated condition at a predetermined temperature is main- 
tained. 

AUTOMATIC CONTROL TERMINOLOGY 

The following is a generally accepted terminology referring to the 
operations of controls in a central air conditioning system. 

Control Point: The desired constant condition of the controlled media to be main- 
tained. Some change of the controlled condition must occur to alter the prevailing con- 
troller action. 

Thermometer Lag: The instantaneous temperature differential existing at any time 
between the true temperature of the medium and the temperature indicated on the 
thermometer. 

Controller Lag: The time delay in the controller’s ability to reposition the controlled 
sources to properly compensate for a change in the controlled condition. 

Process Lag: (Process Time Lag). The time which elapses between the instant the 
control valve is positioned by the controller and the instant the controller element senses 
the effect of the change. This depends upon the rate of heat transfer, the specific heat, 
and the velocity of the fluid movement. Generally a decrease in process time lag simpli- 
fies the control problem. 

Rate of Load Change: Time element of change in the magnitude of load. 

Magnitude of Load Change: The per cent load at a specified time. It directly affects 
the size of the controlling valve. Where the inlet temperature varies constantly, the 
control problem becomes more difficult as the thermal difference between the inlet tem- 
perature and the leaving temperature of the controlled media becomes greater. 

Drift: The deviation from the control point due to change in load conditions from 
0 to 100 per cent. 

Drift increases as the sensitivity adjustment of the controller is lowered, thereby 
tending to decrease hunting. Drift decreases as the sensitivity adjustment of the con- 
troller is raised, thereby increasing hunting. 

Hunting or Cycling: The temperature variation between the high and low points of 
the control cycle due to lag. This balances out at the point where each successive wave 
of temperature reaching the controller is as large as its predecessor. As the sensitivity 
is lowered, hunting decreases but drift increases. Oversized control valves increase 
hunting. 

Throttling Range or Sensitivity Adjustment: The total rise in temperature at the 
controller bulb, required to reposition the control valve from a fully open to a fully closed 
position or to operate several devices controlled in sequence throughout the full sequence 
range. In connection with chart type controllers, throttling range is usually expressed in 
per cent of the total range of the chart. ^ For other types of instruments, sensitivity 
adjustment is expressed in pounds variation of branch pressure per degree change in 
temperature, or per other unit of change of the controlled media. 
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Low Sensitivity: A small change in branch pressure for a comparatively large tem- 
perature or pressure change in the controlled medium. This results in a greater deviation 
from the control point. Low sensitivity tends to reduce hunting but the lower the sen- 
sitivity, the greater will be the drift. 

High Sensitivity: A large change in branch pressure for a comparatively small tem- 
perature or pressure change of the controlled medium. The extreme of high sensitivity 
is the on-off or tw’o-position control. As the sensitivity is raised, drift decreases, but the 
tendency to hunt increases. 

Automatic Reset: A mechanical addition to a controller which corrects for drift by 
constantly resetting the instrument to operate on the control point, while repositioning 
the controlled valve or damper from its fully open to its fully closed position. Reset 
action is superimposed on throttling range and both function simultaneously. The rate 
of reset is manuallj^ adjustable and must be set to meet the load requirements of the 
individual system. This supplementary device provides the accuracy of high sensitivity 
adjustment wdth a minimum of hunting. 

Diaphragm hysteresis is the amount by which the stem travel of a given motor fails 
to assume the identical position on the upward and downward strokes for an identical 
air pressure in the diaphragm top. It prevails in varying degrees in connection with the 
operation of all pneumatic diaphragm motors, and is due to spring and diaphragm 
hysteresis and friction of guide bearing and stuffing box. Assume that a direct acting 
valve moving to a closed position will travel 50 per cent of its total with 8 lb air pressure 
on the diaphragm top. If the diaphragm pressure is increased to further close the valve 
and then reduced to 8 lb, the valve may be repositioned to be only 45 per cent open, 
indicating 5 per cent hysteresis. Hysteresis is usually expressed in per cent of the full 
stroke of valve stem. 

RESIDENTIAL CONTROL SYSTEMS 

The control installation in a residence may vary from the simple 
regulation of a coal-fired heating plant to the completely automatic all 
year air conditioning system. Residential installations with automatic 
fuel burning appliances, such as oil burners, gas burners or stokers, are 
normally equipped with single room thermostat, limit and safety controls 
as outlined under Control of Automatic Fuel Appliances. 

Coal-Fired Heating Plant 

Control in the normal coal-fired domestic heating plant consists of 
regulating the combustion rate in accordance with requirements. This 
function is accomplished by a spring or electric-driven damper motor 
which, under the command of a room thermostat and through chain 
linkage, operates the draft and check dampers of a boiler or warm air 
furnace. Such installation should be protected against excessive tem- 
perature or pressure by means of a limit control serving to check the fire 
when conditions at the boiler or furnace reach a predetermined maximum. 

All Year Domestic Hot Water Supply 

Hot water or steam heating boilers with automatic fuel burning ap- 
pliances can be used for all year heating of domestic water supply. The 
fuel burning appliance in this case is controlled from the temperature of 
water or pressure of steam in the boiler to maintain uniform boiler con- 
ditions and domestic hot water is heated by means of an indirect heater. 
The heating of the residence is normally governed by means of a ther- 
mostat which operates a control valve in the flow line of a gravity hot 
water or a steam system. 

Air Conditioning Systems ^ 

Residential air conditioning systems normally include a heating source 
and a motor-driven fan for circulating air. In addition, such installations 
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may involve spray-head equipment to supply humidity. ^ Such instal- 
lations distribute heated and humidified air during the heating cycle, and 
during the summer or cooling cycle may be used effectively as conditioners 
if equipped with refrigeration means. 

Regulation of the humidity during the heating cycle is normally accom- 
plished by opening and closing a solenoid water vive supplying water to 
the spray-heads, the solenoid valve being under control of a room type 
humidity control. In the average installation the fan is permitted to run 
only during such intervals as the thermostat is calling for heat or at the 
command of a limit control to prevent the overheating of the bonnet of a 
warm air furnace. The limit control should also prevent the operation of 
the fan at the command of the thermostat until the circulating air tem- 
perature has increased to a predetermined point. 

For the cooling equipment provided in such installations, control 
during the cooling cyde will be an adaptation of the control prindples 
described for central fan systems selected for the type of cooling equip- 
ment utilized. 

CONTROL OF AUTOMATIC FUEL APPUANCES 

It is essential that automatic controls be used with oil burners, gas 
burners, and stokers in order to maintain even temperatures and provide 
safe and economical operation of the heating plant. 

Oil Burner Controls 

In the normal oil burner installation as encountered in residential and 
small commercial installations, the burner operation is frequently regu- 
lated by electric controls and primarily governed by a room thermostat. 
It is essential that a limiting control be incorporated in the control system 
to prevent the temperature of the heating medium from exceeding any 
predetermined safe maximum. The type of limit control selected will 
depend on the type of the heating system. In a warm air furnace instal- 
lation, a limit control would be used, reacting to the temperature of the 
heated air in the bonnet of the furnace; in a hot water system a‘ control 
reacting to the temperature of the water in the boiler; and in a steam 
system a control reacting to the pressure of the steam in the boiler. 

In addition to the normal control of the burner from the room ther- 
mostat and limit control, it is necessary that a combustion safety device 
be used to prevent operation of the burner under hazardous conditions. 
The oil fire is automatically ignited by means of gas, electric spark or 
incandescent element and the combustion safety control acting through a 
sequence device permits the burner operation only when the fire is prop- 
erly established as the burner starts up. A further function of the com- 
bustion safety control is to react to any major disturbance in the flame 
during the running operation, shutting down the burner and preventing 
the discharge of unburned fuel if for any reason the flame is extinguished. 

Gas Burner Controls 

In the case of the domestic burner, full automatic operation is the 
normal requirement and the burner is started and stopped at the com- 
mand of a room thermostat which, in turn, opens and closes a control 
valve in the gas supply line. Modulating controls and controls providing 
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a high and low fire are also available for gas burners. For purposes of 
preventing abnormally high temperatures in the bonnet of gas-fired 
furnaces or in the temperature of the water in gas-fired hot water heating 
boilers or excessive pressures in gas-fired steam boilers, temperature and 
pressure limit controls are used. Ignition is normally secured through the 
use of a gas pilot flame and a safety device is provided, utilizing the heat 
of the pilot flame in such a manner that if the pilot light is extinguished 
for any reason, the main gas valve cannot be opened. For satisfactory 
and^ econoniical operation, all automatically-fired gas burners should be 
equipped with pressure regulators on the gas supply line. 

Stoker Controls 

Domestic stokers are normally placed under command of a room 
thermostat for primary operation subject also to the command of a limit 
control to prevent their operation when conditions in the boiler or furnace 
exceed predetermined safe maximums. Utilizing coal as fuel, automatic 
ignition is not provided and the stokers, once ignited, maintain their fire, 
merely changing the rate of combustion by changing the draft and the 
rate at which the coal is fed. Thus, at the command of the room ther- 
mostat the stoker motor is started, driving a forced draft fan and fuel 
feeding mechanism. The rate of combustion is thus increased and this 
operation continues until the thermostat has been satisfied when the 
motor is stopped and the fuel in the combustion chamber continues to 
bum at a slow rate with reduced draft. 

Automatic controls may be used to operate the stoker sufficientiy to 
maintain a fire in mild weather and also to prevent feeding of fuel if the 
fire is extinguished. 


ZONE CONTROL 

Zone control for winter heating of buildings in which a single room 
thermostat will not provide satisfactory conditions and where thei refine- 
ment of control from individual room thermostats is not a requisite, may 
be secured in various ways. According to its size, use and exposure, the 
building may be divided into zones where the general requirements \rfll 
be relatively constant. The number of zones is determined by (p size 
of building, (2) number and character of exposures, (3) _ variation in 
occupancy and other inside conditions, cind (4) cost of additional zones. 
For large buildings it is desirable to have at least one zone for each 
exposure and for high buildings, each exposure may be sub-divided into 
upper and lower zones in order to properly provide for the stack effect. 
In buildings of this type it is advisable to provide a separate main with 
local thermostats for the street floor heat sources, especially those adjacent 
to entrances and eJdts. 

For small buildings or where cost or other conditions limit the number 
of zones, a frequent compromise is to combine the North and West 
exposures in one zone and the South and East exposures in a second zone. 

For steam heating systems, the radiator output may be proportionately 
reduced as the outdoor temperature rises by several methods. Some of 
those in common use are: 

■1. Throttling steam pressure to allow flow through orifices in proportion to the needs 
for heating. 
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2. Turning steam on and off on time intervals proportioned to the needs for heating. 

3. Varying the absolute pressure of steam in the system. 

The usual zone controlling device is arranged to sense the effect of sun, 
wind, or rain, as well as the outdoor local zone temperature, and in some 
instances, is fitted with additional elements sensing the indoor zone or 
zone radiator temperatures. It functions to regulate the rate of flow or 
the flow impulse as required to maintain the desired indoor zone tem- 
perature condition. A switch panel containing manual switches arranged 
to raise or lower the operating point of each zone controller is frequently 
mounted at a selected location. These panels may contain time switches 
for automatic cycling of day-night or other predetermined control pro- 
grams. In buildings where some zones or all zones have no night 
occupancy, provisions may be made to index the control system to main- 
tain predetermined low economy temperatures during the unoccupied 
periods, a short morning warm-up period, and normal operation through- 
out the occupied period, by either manual operation or automatic cycling 
by time switch. For hot water heating systems, the zone controller 
functions to regulate the water temperature in accordance with the pre- 
vailing outdoor temperature. 

For discussion of zoning in air conditioned buildings see section on 
Zoning in Chapter 21. 

CONTROL OF UNIT SYSTEMS 

Because of the usual segregated location of unit equipment throughout 
a building and its consequent lack of competent supervision, complete 
automatic control is essential to its satisfactory operation. 

Unit Heaters 

In its simplest form, unit heater control consists of a room thermostat 
to start the unit heater motor when heat is required and shut it off when 
the demand is satisfied. With this limited control, it is possible in some 
instances that, with no steam available at the heater, the operation of the 
fan would cause objectionable drafts. To avoid this, limit controls are 
available which will prevent the operation of the fan at the command of 
the room thermostat except when steam is available, as determined by 
the temperature of the steam or return pipe or the pressure of the steam 
supply. 

Where several unit heaters serve a limited area, they may be grouped 
for purposes of automatic control, and several heaters placed in operation 
at the command. of one thermostat. By properly grouping the units 
which will operate together, the benefit of zone control can often be 
obtained with a minimum of control equipment. Where such group 
operation is utilized, the thermostat and limit control usually function 
through a relay, as the combined load of the several motors may exceed 
the current capacity of the thermostatic control device. 

In some cases where cold drafts will not result, it is desirable to operate 
the unit heaters continuously for circulation of air. In such instances the 
room thermostat regulates the supply of steam to the unit through a 
control valve in the steam supply line and the unit heater motor operation 
is manually controlled. 
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Unit heaters equipped with dampers arranged for by-passing air around 
the heating coils are controlled by room thermostats operating modu- 
lating damper motors attached to these dampers so that as the tempera- 
tures rise, a decreasing amount of air is heated. When the by-pass is 
wide open the heating effect is so much reduced that control of the steam 
supplied to the coil is not generally important. If valve control is added, 
the throttling of the steam may be concurrent with, or subsequent to, 
the opening of the by-pass. 

Cooling Units 

The recommended form of temperature control for a cooling unit con- 
templates the continuous operation of the fan, with automatic regulation 
of the compressor or cooling coil, or both, as determined by a thermostat 
in the room, or in the return air to the cooling unit- Such operation 
insures cgntinuous circulation of air in the room, and in addition to 
providing the cooling effect of moving air, overcomes the tendency of the 
air to stratify. As the temperature begins to rise, the controller opens the 
valve to a cold water cooling coil, or for direct expansion coils, opens a 
valve in the refrigerant line, closes a by-pass around the coil or starts 
a compressor. 

Cooling units may also be controlled by arranging the room thermostats 
to start and stop the fan motors or by a combination of motor and 
refrigerant control. 

Unit Ventilators 

There are various types of unit ventilators available but in general all 
types are designed to draw air from the outside or to mix outside and 
recirculated air, heat it and introduce it into the room under control of a 
thermostat. 

The design of unit ventilators has to an extent been based on the 
requirements for automatic temperature control and the cycles of control 
have been developed to include other heating devices in the rooms with 
unit ventilators. Unit ventilators are frequently used in schools and 
other types of buildings where states have laws or regulations governing 
the minimum amount of ventilation to be provided. The control of the 
amount of outdoor air is designed to conform to the various laws. Usually 
the device circulates a constant amount of air and the amount auto- 
matically taken in from outdoors is controlled in one of these ways : 

1. Full recirculation until the room temperature reaches a certain point, generally 
two degrees, below the desired room temfjerature; then a minimum amount of outdoor 
air for ventilation while the temperature is maintained by throttling steam; and if the 
room temperature rises with all steam shut oflF, the gradual increase in amount of out- 
door air up to 100 per cent. 

2. Full recirculation until the room reaches a set point below room temperature, 
after which all air is taken from outside. 

3. Gravity recirculation while the fan motor is not running, with full outside air as 
soon as the fan starts, obtained by a relay in the motor circuit. 

4. Full recirculation or all outdoor air as determined by a manual switch which can 
be operated at any time whether or not the fan is running. All the unit ventilators in a 
single building may be operated by one or many switches. 

With arrangements 1 or 2, it is desirable to include a relay to prevent 
the intake dampers from opening while the fan is not running, regardless 
of room temperatures. With a dual system of control this is essential to 
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prevent the thermostat keeping the outside damper open until the tem- 
perature falls to the reduced setting. 

The intake and recirculated air quantities are determined by a single 
damper or by a pair of dampers working together, and operated by a 
damper motor. Although this affects the temperature of the air delivered, 
the main heat control comes from the throttling of the steam supplied to 
the heating coil, with or without by-pass damper control. To prevent 
air being delivered at too low a temperature, a low limit thermostat is 
commonly installed in the air stream and set at some point between 55 
and 70 F. The lower settings may cause discomfort, the higher ones 
overheating, depending on circumstances. The air stream thermostat 
can be used to turn on steam, reduce the amount of outside air, or both. 

Rooms with unit ventilators frequently have auxiliary heating devices, 
such as direct radiators, convectors or unit heaters, all under control of a 
single room thermostat. A common control cycle for such rooms is com- 
posed of the following functions, assuming that 72 F is desired: 

1. Below 70 F the unit ventilator intake damper is in full recirculating position and 
all heat is turned on. 

2. At 70 F the intake damper moves to a position that will admit a predetermined 
minimum amount of air from outdoors. 

3. At 71 F the auxiliary heating devices are shut off. 

4. From 71 to 72.5 F, the heating effect of the unit ventilator is throttled. 

5. From 72.5 to 74 F, the intake damper is gradually moved to increase the amount of 
outside air from the set minimum to 100 per cent. 

6. If the room thermostat calls for too much cooling, the air stream thermostat holds 
the delivery temperature at a proper minimum. 

Other similar cycles may be used. One additional feature is the use of 
an air stream thermostat that has its control point reset by the room 
thermostat- Then as the room temperature rises, the delivery tempera- 
ture is gradually reduced from a maximum to a minimum. 

CONTROL OF REFRIGERATION EQUIPMENT 

The most common means of providing cooling for air conditioning may 
be divided into four general classifications as follows: 

Refrigeration compressors may furnish refrigerant to direct expansion 
cooling coils through which air is being passed, or to coils in cooling tanks 
through which water is passed which is then pumped to air washers or 
cooling coils through which the air is passed. 

In either case the compressor motor may be started and stopped in 
order to meet the demand for refrigeration or a pressure controller may be 
used to regulate the low side or suction pressure of the compressor. When 
the latter method is used, the flow of refrigerant to cooling coils may be 
regulated by the opening and closing of a solenoid refrigerant valve at the 
command of a temperature controller or thermostat. 

A high pressure cutout as an individual unit or in combination with 
either a temperature or pressure controller provides a safety feature 
against excessive pressures on the high side of the compressor. 

Many compressors may be unloaded by instruments sensing room or 
duct conditions, or by refrigerant pressures, thus reducing the frequency 
of starting and stopping. If two or more compressors are used for a 
single cooling system, step controllers are used to start them in sequence 
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at intervals of a few seconds to avoid the large momentary electric input 
that simultaneous starting would demand. 

When condensers are water cooled, thermostatic control to vary the 
quantity of water is needed for economical operation. Mechanical air 
condensers may be started and stopped with temperature demands. 

Chilled water may be stored in tanks at temperatures slightly lower 
than required for air cooling coils. The control of temperature for the 
water distribution system is as described for Ice Cooling. 

\ When ice is used for the cooling or dehumidification of air, it is usually 
placed in bunkers and water is sprayed over it. This water, after being 



Fig. 1. Location of Control Devices for Year 'Round 
Air Conditioning System 

In the normal oil burner installation as encountered in residential and 
small commercial installations, the burner operation is frequently regu- 
lated by electric controls and primarily governed by a room thermostat. 
It is essential that a limiting control be incorporated in the control system 
to prevent the temperature of the heating medium from exceeding, any 
predetermined safe maximum. The type of limit control selected will 
depend on the type of the heating system. In a warm air furnace instal- 
lation, a limit control would be used, reacting to the temperature of the 
heated air in the bonnet of the furnace; in a hot water system a' control 
reacting to the temperature of the water in the boiler ; and in a steam 
system a control reacting to the pressure of the steam in the boiler. 

In addition to the normal control of the burner from the room ther- 
mostat and limit control, it is necessary that a combustion safety device 
be used to prevent operation of the burner under hazardous conditions. 
The oil fire is automatically ignited by means of gas, electric spark or 
incandescent element and the combustion safety control acting through a 
sequence device permits the burner operation only when the fire is prop- 
erly established as the burner starts up. A further function of the com- 
bustion safety control is to react to any major disturbance in the flame 
during the running operation, shutting down the burner and preventing 
the discharge of unburned fuel if for any reason the flame is extinguished. 


651 


HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


used in the condenser, the amount of water should be modulated according 
to the demand as measured at the condenser outlet by means of a tem- 
perature controller and control valve. 

Well water if available in sufficient quantities at low temperatures during 
the cooling season, it may be pumped directly to air washers or cooling 



Fig. 2. Control Diagram for Year ’Round Air Conditioning System 


coils. Control is usually effected through control valves on the water 
supply to the cooling unit actuated by temperature or humidity con- 
trollers, or both, located either at the outlet of the conditioner or in the 
conditioned space. ' 

APPLICATION OF CONTROLLING DEVICES TO A TYPICAL SYSTEM 

Fig. 1 shows the location of controlling devices for a year ’round air conditioning 
system such as shown in Chapter 21, Fig. 3, A control diagram for pneumatic control 
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equipment is shown in Fig. 2 for convenience in explaining the function and sequence of 
operation of the control in Fig. 1, but obviously the individual controls may also be of 
self-contained or electrically operated type provided they obtain the same control of 
valves and dampers. 

The auxiliary controlling devices indicated may all be mounted together on an instru- 
ment board which may also contain a framed copy of the control diagram and the 
description of the automatic control cycle. Air gages, identified by suitable inscription 
plates, may be installed in the branch connections to and from the auxiliary devices on 
the instrument board to indicate the functioning of the various devices. 

A description of the automatic control cycle follows: 

When the fan motor is stopped, solenoid air valve E-1, actuated from the fan motor 
circuit, is de-energized and exhausts its branch to close minimum outdoor damper D-1, 
reposition three-way air valve V-a to close heating coil valve V-1, and remove main air 
from remote bulb indicator dew-point thermostat T-1, thereby closing maximum out- 
door damper D-2 and opening return air damper D-3. 

When the fan motor is started, E-1 fills its branch, therebv opening minimum outdoor 
damper D-1, repositions V-a to permit T-3 and T-4 to control V-1 and supplies main au- 
to T-1 to permit same to operate D-2 and D-3. 

During the summer cooling season, manual indexing swdtch S-1 is positioned to fill its 
branch, whereby it supplies main air to dew-point thermostat T-2, positions three-way 
air valves V-e and V-f to permit T-3 to control face damper D-4 and bypass damper D-5, 
positions three-way air valve V-b to close heating coil valve V-1, positions three-way air 
valveV-c to remove the control of maximum outdoor damper D-2 and return air damper 
D-3 from dew-point thermostat T-1 and place these dampers under the control of dew- 
point thermostat T-2. 

When S-1 is positioned as. noted above, remote bulb dew-point thermostat T-2 
functions on a rising temperature to first gradually open maximum outdoor damper D-2 
while simultaneously closing return air damper D-3 and on a further slight temperature 
rise, gradually positions chilled water valve V-2 to pass chilled water to the dehumidifier. 
The reverse operating sequence occurs on a falling dew-point temperature. Should the 
outdoor wet-bulb temperature rise above the desired indoor wet-bulb temperature, 
positive acting outdoor wet-bulb thermostat T-5, positions three-way air valve V-d to 
remove dampers D-2 and D-3 from the control of T-2, thereby closing outdoor damper 
D-2 and opening return air damper D-3, 

On a rising return air temperature T-3 functions to open face damper D-4, while 
simultaneously closing bypass damper D-5 as required to maintain the desired return air 
temperature. The reverse operation occurs on a falling return air temperature. 

During all seasons except the summer cooling season, manual switch S-1 is positioned 
to exhaust its branch, thereby making dew-point thermostat T-2 inoperative and posi- 
tions chilled water valve V-2 for continuous recirculation, positions three-way valve V-b 
to permit heating coil valve V-1 to be operated as required, positions three-way valve 
V-c to permit T-1 to control D-2 and D-3, positions three-way valve V-e to permit T-3 
to operate through low limit discharge thermostat T-4 to control heater valve V-1 and 
positions three-way valve V-f to open normally closed face damper D-4 and close 
normally open bypass damper D-5. 

When switch S-1 is positioned as noted above, remote bulb dew-point thermostat T-1 
functions on a rising temperature to gradually open maximum outdoor damper 0-2, 
while simultaneously closing return air damper D-3 as required to maintain the desired 
dew-point temperature. The reverse operation occurs on a falling dew-point tempera.- 
ture. A^en the outdoor wet-bulb temperature rises above the desired dew-point 
temperature, the dew-point temperature will rise accordingly until such time as the 
system is indexed for summer cooling and chilled water is made available to drop the 
dew-point temperature. 

Return air thermostat T-3 functions on a rising temperature to pass air through low 
limit discharge thermostat T-4 to gradually close heating coil valve V-1. Should the 
discharge temperature fall below the operating point of T-4, this thermostat will rel^se 
air from its branch to gradually open V-1 as required to maintain the desired low limit 
discharge temperature regardless of the operation of T-3. 
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^ndtrumentd an J. ^edl ^^ifjetliocld 


Temperature Measurement, Pressure Measurement, Measure- 
ment o£ Air Movement, Air Change Measurements, Measure- 
ment of Relative Humidity, Dust Determination, Heat Transfer 
Through Building Materials, Measurement of Heat Exchange 
for Comfort Conditions, Combustion Analysis, Smoke Density 
Measurements, Carbon Monoxide Measurements 


T his chapter presents a description of mainy test instruments used 
for heating, ventilating and air conditioning tests and presents a 
discussion of their use. 

TEMPERATURE MEASUREMENT 

Changes in the intensity of heat may be determined by several methods* 
such as measuring the change in volume of a liquid, the change in internal 
pressure of a confined gas, the current set up between dissimilar metals 
joined in a circuit, or the change in resistance of an electrical circuit. 

Thennometers 

The most common method used is the change in volume of a liquid 
such as mercury or alcohol enclosed in glass. Mercurial thermometers 
may be used for measuring temperatures from — 40 F to approximately 
1000 F. The lower limit is set by the freezing point of mercury. Since 
the boiling point of mercury is only about 675 F, the space above the 
mercury in thermometers designed for higher temperatures must be filled 
with an inert gas under pressure. Alcohol thermometers may be used 
for temperatures from — 94 F to +248 F. 

The more accurate thermometers are individually calibrated and have 
divisions etched on the stem. The two most common reference points 
are the freezing and boiling points of water. On the Fahrenheit scale, 
which is most commonly used in engineering work, there are 180 divisions 
between these points. On the Centigrade scale which is used by chemists 
and physicists, there are 100 divisions in this range. The temperature 


♦For a comprehensive treatment of temperature measurement the reader is referred to Temperature, 
Its Measurement and Control in Science and Industry, a symposium sponsored by the American Institute 
of Physics and published by Reinhold Publishing Corp. 
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in degrees Fahrenheit equals Vs of the temperature in degrees Centi- 
grade» plus 32. 

For permanent installations, glass thermometers are often protected 
by metal jackets and equipped with metal scales. Due to the heat 
capacity and heat conductance of the jacket, it is more difficult to obtain 
the true temperature at a point with these than with the exposed etched 
stem type. The latter is usually preferred for test purposes. Where used 
to measure temperatures in a duct, it may be inserted through a cork or 
rubber plug. Care must be taken to locate the bulb at the point where 
the temperature is desired and in many cases several must be used to 
get a correct average. 

Most mercury thermometers are calibrated for complete stem immer- 
sion. When incompletely immersed, a stem correction should be made 
for the most accurate determination. At ordinary atmospheric tem- 
peratures the correction is negligibly small, but it usually is important 
when measuring high temperatures such as those of steam and flue gas. 
The emergent stem correction may be calculated by the equation: 

K = 0.00009 D (k - k) (1) 


where 

K = correction to be added, degrees Fahrenheit. 

D = number of degrees on the thermometer scale which are not immersed. 
k temperature indicated on the thermometer, degrees Fahrenheit. 
k ~ temperature of the non-immersed mercury column, degrees Fahrenheit. 

0.00009 = difference in the coefficient of expansion of the mercury and glass. 

Since the bulb has considerable area, radiant energy may affect tem- 
perature readings^. In measuring ' room temperatures, care must be 
taken to locate thermometers away from hot surfaces such as radiators 
or cold surfaces such as walls or windows. Where this is impracticable, 
shields should be used to screen the bulb from the radiant energy. 

Thermocouple 

When two dissimilar metals are joined at two points and a temperature 
difference exists between these junctions, an electromotive force will be 
developed. Its magnitude depends upon the metals used and the tem- 
perature difference of the two junctions. Often the cold junction is kept 
at 32 F by immersion in an ice bath. In other instances, a higher tem- 
perature such as that of the atmosphere is used for this jxmction. By 
proper selection of metals, any temperature up to 2900 F may be meas- 
ured. Readings are obtained by means of a potentiometer or sensitive 
galvanometer which may be calibrated directly in degrees. A potentio- 
meter balances the electromotive force against a known electromotive 
force with no current flowing, hence this method is independent of length 
and variations in resistance of leads. Calibration of thermocouples for 
high temperatures may be made against known melting points of metals. 
Radiation effects may be minimized by using the smallest size of wires 


1 Errors in the Measurement of the Temperature of Flue Gases, by P. Nicholla and W. E. Rice 
(A.S.H.V.E. Transactions, Vol. 35, 1929, p. 473). 
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consistent with mechanical strength. The use of small wires also makes 
the thermocouple sensitive to minute fluctuations in temperature. 

Other advantages of thermocouples are: they are readable at remote 
points, they may be made recording, and an average temperature may be 
readily obtained by connecting several couples in parallel. 

Resistance thermometers depend for their operation upon the change of 
resistance of wire with change in temperature. Their use largely parallels 
that of thermocouples. Various metals may be used and the range is 
about the same as for thermocouples. 

For measuring high temperatures, such as in furnaces, pyrometers are 
often used. Radiation pyrometers concentrate the radiant energy on a 
thermopile, and the reading is obtained on a galvanometer or potentio- 
meter. Optical pyrometers match a narrow spectral band, usually red, 
emitted by the object with that from a standard electric lamp supplied 
with electric current. 


PRESSURE MEASUREMENT 

Barometer 

The most accurate barometer for determining the atmospheric pressure 
is the mercurial type, consisting of a tube over 30 in. long closed at the 
top and standing in a mercury well. The barometric pressure is expressed 
as the height of the mercury column above the level of the mercury in the 
well. Such barometers are equipped with an adjustment to compensate 
for change in level of mercury in the well. The reading should be taken 
at the top of the meniscus and is obtained on a vernier scale. 

Correction for variation of the density of the mercury column and for 
expansion of the brass scale, which are usually calibrated for 32 F mercury 
and 62 F scale temperature, should be made by subtracting from the 
observed height in inches the value of C determined by Equation 2. 


where 


h(t- 28.630) 
(1.1123 t - 10978) 


C = correction to be subtracted, inches of mercury. 
h ~ observed height, inches of mercury. 

t = observed temperature of the barometer, degrees Fahrenheit. 


( 2 ) 


Standard atmospheric pressure at sea level is 29.921 in. Hg. Since 
normal atmospheric pressure decreases about 0.01 in. Hg for each 10 ft 
increase in elevation, it is important to make a correction if the elevation 
of the barometer is not that of the test apparatus. In many cases the 
barometric reading may be obtained from a nearby weather bureau 
station. Inquiry should be made as to whether the value is as observed 
or corrected to sea level. 

Atmospheric pressure may also be measured by an aneroid barometer 
which is easily portable. In this type, variations in atmospheric pressure 
bend the thin surface of a box or tube which contains a reduced pressure. 
The aneroid type is not as accurate as the mercurial and needs frequent 
calibration against one of the latter type. Most of the pressure gages used 
in engineering work indicate the difference between the pressure being 
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measured and the atmospheric pressure. Pressures as measured are 
called gage pressures. Absolute pressure may be obtained by adding 
barometric pressure and gage pressure algebraically. 

Pressiire Gages 

The Bourdon type gage is a widely used device for measuring pressures. 
The Bourdon tube is elliptical in cross-section and circular in form, and 
is connected by suitable linkage to a hand which moves over a dial. 
An increase in pressure tends to straighten the tube and a decrease has 
the opposite effect. When used with high temperature steam, the tube 
must be protected by a water seal. When used with ammonia it must 
be made of steel or other material not attacked by this substance. When 
used for sub-atmospheric pressure, the gage is known as a vacuum gage, 
and is usually graduated in inches of mercury. For pressures above 
atmospheric, it is termed a pressure gage and is graduated in pounds 
per square inch. Some are made to read in both directions and are termed 
compound gages. Calibration is usually made with a dead weight tester, 
consisting of a platform and weights resting on a piston floating on oil. 
From the area of the piston and the total weight resting on the oil, the 
pressure at all points in the fluid is determined. Adjustments are pro- 
vided in the gage linkage to make necessary corrections. A correction 
chart may also be made and used for accurate work. 

For comparatively low gage pressures or differences in pressure between 
two points in a duct system, the vertical U tube is a simple and accurate 
gage and is often used for test work with various fluids such as mercury, 
water, kerosene, or alcohol. Readings may be in inches of any of these 
fluids. 

For measuring pressure differences of a few inches of water, or less, 
U gages are often made sloping for greater magnification of scale. In 
commercial gages of this type, commonly termed draft gages, only one 
tube of small bore is used and the other leg is replaced by a reservoir. 
Although the scale is calibrated to read in inches of water, a fluid having 
the density and characteristics of kerosene is often used. It is important, 
of course, to use a fluid having the same gravity as that for which the gage 
was originally calibrated, or to use a correction chart with some other 
fluid. Such gages may be checked one against another to detect errors in 
gravity of fluid. For more accurate calibration the gage may be checked 
against a micromanometer or a calibrating device known as a hook gage^. 
The accuracy of a draft gage is dependent on the slope of the tubes and 
consequently the base of the gage must be leveled carefully. It is not 
desirable to use a slope of less than 1 in 10. 

For measuring low pressure differences to within 0.001 in. of water very 
sensitive micromanometers are available, such as the Illinois or Wahlen, 
and the Emswiler®' Calibration of these is impossible, and readings are 


^standard Test Code for Centrifugal and Aadal Fans, Edition of 1938. See also Standard Code for ttie 
Testing of Centrifugal and Disc Fans (A.S.H.V.E. Transactions, Vol. 29, 1923, p. 407; Vol. 37, 1931, 
p. 363). 

^Illinois Micromanometer {University of Illinois, Engineering Experiment Station Bvlletin No. 120, p. 91). 
^The Weathertightness of Rolled Steel Windows, by J. E. Emswiler and W. C. Randall (A.S.H.V.E. 
Transactions, Vol. 34, 1928, p. 627). 
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converted to pressure units by fundamental calculations involving the 
specific gravity of the fluids used and the design principles involved. 


MEASUREMENT OF AIR MOVEMENT 


The problem of measuring air movement may be divided into three 
main parts: when confined in ducts, when circulating in free spaces, and 
when entering or leaving such space through openings such as grilles. 
Other gases might be measured by the same methods, but emphasis here 
will be on air measurements®. 

For determining the velocity, and therefore the volume of air flowing 
in a duct, such as in the test of a fan or a complete ventilating system, 
the Pitot tube as described in the A.S.H.V.E. Code® is probably most 
often used. At low velocities the velocity pressure head is so low that it 
becomes difficult to get accurate gage readings. The velocities used in 
many ducts are below the lower limit of determination with gages avail- 
able. The relation between velocity and velocity pressure may be used 
to determine the range of gage required. 


where 


V = 1096.6 



V = velocity, feet per minute. 
hv = velocity pressure, inches of water. 
d = density of air, pounds per cubic foot. 


(3) 


Air flow in a round duct is seldom uniform. In general, the velocity 
is lowest near the edges, and maximum at or near the center. In order 
to obtain higher velocities and more uniform flow across the measuring 
section, it is sometimes possible to reduce the duct to a smaller cross- 
section at the Pitot station by use of a long transition piece. In any case, 
a large number of readings along two diameters should be taken, with 20 
being quite desirable. These should be taken at the centers of equal 
annular areas for correct determination of volumes^. For small pipes it 
is sometimes necessary to construct a Pitot tube smaller than the standard 
size. Such a small Pitot tube should be geometrically similar to the 
standard tube. Pulsating or disturbed flow will give erroneous results and 
every effort should be made to remove disturbances in the Pitot tube 
section. 

Many forms of Pitot tubes other than the one described have been used 
and calibrated®. A double-ended tube, one end pointing down-stream, 
and one up-stream, is sometimes used for low velocities, but it should be 
carefully calibrated for accurate results®. A special form of this tube 
design consists of two straight 3^ in. tubes soldered together, closed at 


5For technical data refer to Fluid Meter Reports, Parts 1 — 1937, 2 — 1931, and 3 — 1933 (American 
Society of Mechanical Engineers). 

«Loc. Cit. Note 2. 

^Loc. Cit. Note 2. 

^Technical Notes No. 646 (National Advisory Committee for Aeronautics, November, 1936). 

®The Characteristics of Double Pitot Tubes, by F. R. Ingram, E. Die^Canseco and L. Silverman 
(A.S H.V.E. Journal Section, Heating, Piping and Air Conditioning, November, 1942, p. 708). 
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the end, and with a 0.04 in. hole in each tube opposite the line of contact. 
This tube is useful in exploring velocities on exhaust inlets, such as on 
hoods placed around grinding wheels. 

The rounded approach orifice or nozzle of the general type described 
in the A.S.H.V.E. Unit Heater^® and Unit Ventilator^^ Codes is an accurate 
air measuring device. When it is well made, the coefficient closely ap- 
proaches unity. The discharge from such a nozzle is uniform^^ and 
provides a good location for calibration of air velocity instruments^^ 

The Venturi meter is like the nozzle except for the addition of a down- 
stream transition section that reduces the pressure drop through the 
measuring apparatus. 

The thin-plate square-edged orifice has a decided advantage over the 
nozzle and Venturi meter in cost. Its coefficient is approximately 0.60. 
The exact value depends on the location of the connections, the pressure 
drop, the diameter ratio of orifice to pipe, and the sharpness of the edge^^. 

Another method of air measurement uses the thermal electric principle 
where by means of a measured amount of current, heat is put into the 
air stream. The temperature rise is measured, and with the specific heat 
of the air mixture known, the weight of air flowing may be calculated. 
Heat should be applied uniformly to the mass of air passing, and the 
small temperature difference must be determined accurately. 

Air Currents in Free Spaces 

One of the instruments useful in determining the velocity of air cur- 
rents in free spaces is the Kata-thermometer. It is essentially an alcohol 
thermometer with a large bulb. The stem has two marks, one corre- 
sponding to 95 F, and the other 100 F. The instrument is heated in 
water above 100 F, then dried and the time in seconds required for it to 
cool from 100 to 95 when placed in the air current gives a measure of the 
non-directional velocity. It is important to wipe the Kata-thermometer 
dry before taking the reading. Each Kata has its own factor etched on 
the stem, and this factor must be used with its cooling formula or chart 
for obtaining the velocity. The Kata-thermometer is useful in exploring 
ventilated spaces to determine whether the proper air movement and 
distribution are being maintained. It is also used in determining the 
cooling power of the atmosphere, since it loses heat by radiation and con- 
vection when dry, and by radiation, convection, and evaporation when 
the bulb is equipped with a wetted cloth covering^®. 

Another instrument for measuring low velocity air currents is the 
heated thermometer anemometer^®. This consists of an ordinary mer- 


wstandard Code for Testing and Rating Steam Unit Heaters (A.S.H.V.E. Transachons, Vol. 36, 
1930, p. 165). 

iiStandard Code for Testing and Rating Steam Unit Ventilators (A.S.H.V.E, Transactions, Vol. 38, 
1932, p. 25). 

“Discharge Coefficients of Square Edged Orifices for Measuring the Flow of Air, by H. S. Bean, 
E. Buckingham and P. S. Murphy {Bureau of Standards Journal of Research, Vol. 2, 1929, p. 561). 

WA.S.H.V.E. Research Report No. 1140— The Use of Air Velocity Meters, by G, L. Tuve, D. K. 
Wri^t, Jr. and L. J. Seigel (A.S.H.V.E, Transactions, Vol. 46, 1939, p. 645). 

“Flow Measurement by Nozzles and Office Plates (A.S.MJS. Power Test Codes, Chapter 4 of Part 5, 
1940). 

“Temperature, Humidity and Air Motion Effects in Ventilation, by O. W. Armspach and Margaret 
Ingels (A.S.H.V.E. Transactions, Vol. 28, 1922, p. 103). 

“The Heated Thermometer Anemometer, by C. P. Yaglou {Journal Industrial Hygiene and Toxicology, 
Vol. 20, October, 1938, No. 8). 
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curial glass thermometer with a resistance winding on the bulb. Current 
is supplied from an external source in a measured amount. The tem- 
perature rise shown on this heated thermometer over that shown by an 
ordinary thermometer at the same location, and the current supplied, 
make it possible to calculate the non-directional velocity of the air stream. 
Since a smaller bulb is used than that on the Kata-thermometer, it is less 
affected by radiant heat sources. 

The heated thermocouple anemometer employs a thermocouple instead 
of a thermometer^^. 

Another instrument is the hot wire anemometer which is available in 
several patterns. In general, a measured current is supplied to raise the 
temperature of a fine bare wire above the temperature of the surrounding 
air. With the use of a very fine wire, minute fluctuations in velocity 
may be measured, and the area exposed to radiant exchange with heated 
or cooled surfaces is at a minimum. This instrument is easily adapted to 
remote reading or recording. A group of them may be connected together 
to give the average velocity in a space, or the velocity at individual 
points within a test space, by suitable switching arrangements^®, 19 

Deflecting Vane Anemometer 

The deflecting vane anemometer consists of a pivoted vane enclosed 
in a case, against which air exerts a pressure as it passes through the 
instrument from an up-stream to a down-stream opening. The move- 
ment of the vane is resisted by a hair spring and a damping magnet. 
The instrument gives instantaneous readings of directional velocities on 
an indicating scale. When used in fluctuating velocities, it is necessary 
to average visually the swings of the needle to obtain average velocities. 
This instrument is very useful for studying mixing of air in a room^° and 
in locating and measuring peak velocities that may be objectionable. 
Various attachments are available, such as the double tube arrangement 
for obtaining velocities in ducts, and a device for measuring static pres- 
sures. Each instrument and the attachments for it must receive individual 
calibration. 

Propeller or Revolving Vane Anemometer 

The propeller or revolving vane anemometer consists of a light re- 
volving wheel connected through a gear train to a set of recording dials 
that read the linear feet of air passing in a measured length of time. It is 
made in various sizes, 3 in., 4 in., and 6 in. being most common. Each 
instrument requires individual calibration. At low velocities the friction 
drag of the mechanism is considerable. In order to compensate for this, 
a gear train that overspeeds is commonly used. For this reason the 
correction is often additive at the lower range and subtractive at the 


S.H.V.E. Research Report No. 1165 — ^Development of Instruments for the Study of Air Distribu- 
tion in Rooms, by A. P. Kratz, A. E. Hershey and R. B. Engdahl (A S.H.V.E. Transactions, Vol. 46, 
1940, p 351). 

isDevdopment of Testing Apparatus for Thermostats, by D. D. Wile (A.S.H.V.E. Transactions, 
Vol 42. 1936, p. 349). 

*sLinear Hot Wire Anemometer, Its Application to Technical Physics, by L. V. King {Journal Frankhn 
Institute, 1916). 

2®A S H.V E. Research Report No. 1204 — Entrainment and Jet-Pump Action of Air Streams, by 
G. L. Tuve, G. B. Priester and D. K. Wright, Jr. (A.S H V.E. Transactions, Vol. 48, 1942, p. 241). 
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upper range with the least correction in the middle range of velocities. 
Most of these are not sensitive enough for use below 200 fpm. 

Meastirement of Velocities at Inlets and Outlets of Ducts 

In the field it is often advisable to make volume measurements at the 
face of the supply openings. Often it is hard to get into the duct system, 
or it is difficult to find sections where the flow would be sufficiently 
uniform. For accuracy the instrument and its application should be 
checked on a similar approach and grille in the laboratory before use 
in the field. 

Tests have shown that the propeller type anemometer can be used 
successfully on most of the common types of supply grilles^^* The core 
area is divided into equal squares, and the anemometer is held against the 
face of the grille for the same length of time in each. To get the air 
volume in cubic feet per minute, the average corrected velocity in feet per 
minute thus obtained is multiplied by the average of the gross and net 
free area of the grille (core) in square feet. 

On exhaust grilles, the anemometer traverse is made as described 
previously. The air volume may be determined by multiplying the 
corrected velocity in feet per minute by the gross core area of the grille 
in square feet and by a coefficient for average conditions of 0.85^. 

When a propeller type anemometer is held in a stream of varying 
velocities, it tends to indicate higher than the true average, that is, the 
speed of the propeller is nearer to the top velocity in its area than it is to 
the minimum velocity. This is the main reason for the large difference 
in ratings of unit ventilators by the anemometer method and by air 
volume measurements in a duct approach to the inlet^. 

Any of the other anemometers described can be used within their 
range at the face of supply grilles when properly applied. In principle 
it is a case of finding the velocity at many points and using the average 
thus found with the correct discharge area at that cross-section. The 
deflecting vane anemometer equipped with a jet on the end of a rubber 
tube has been found especially convenient and accurate on supply grilles^. 
On modern air conditioning grilles the core area is used without a cor- 
rection coefficient when the jet is held one inch away from the face of 
the grille. At this distance the constriction due to the thin bars has 
disappeared since the small air jets have reunited, and the air stream has 
not yet spread beyond the core dimensions. With deflecting grilles the 
exploring jet should be turned to the angle giving a maximum reading. 
This method of using this instrument is only applicable to supply grilles 


^A.S.H V.E. Research Reports Nos. 857, 911 and 966 — Measurement of the Flow of Air Through 
Registers and Grilles, by L. E. Davies (A.S.H.V.E. Transactions, VoL 36, 1930, p. 201, Vol. 37, 1931, 
p. 619, and Vol. 39, 1933, p. 373). 

22A S.H.V.E. Research Report No. 1162— Air Flow Measurements at Intake and Discharge Openings 
and Grilles, by G. L. Tuve and D. K. Wnght, Jr. (A.S H.V.E. Transactions. Vol. 46, 1940. p. 313). 

23A.S.H.V.E. Research Report No. 1092 — ^The Flow of Air Through Exhaust Grilles, by A. M. 
Greene, Jr. and M. H. Dean (A.S.H.V.E. Transactions, Vol. 44, 1938, p. 387). 

»A S.H V.E. Research Report No. 936 — Investigation of Air Outlets in Class Room Ventilation, by * 
G. L. Larson, D. W. Nelson and R. W. Kubasta (A,S.H,V.E. Transactions, Vol. 38. 1932, p. 463). 

2SA.Sm.V.E. Research Report No. 1076— Air Distribution From Side Wall Outlets, by D. W. Nelson 
and D. J. Stewart (A.S.H.V.E. Transactions. Vol, 44, 1938, p. 77). 
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and cannot be used on exhaust grilles because of static pressure differences 
at the location of the jet and tie instrument case. 

While hardly a quantitative instrument, smoke is very useful in 
studying air stre^,ms and currents. The application of a more accurate 
instrument is often made more exact by a preliminary exploration with 
smoke. A mixture of potassium chlorate and powdered sugar in equal 
portions gives a very satisfactory non-irritating smoke. It is fired by a 
match, and since considerable heat is evolved, it should be placed in a 
pan away from inflammable objects. 

AIR CHANGE MEASUREMENTS 

Atmospheric air contains a certain amount of carbon dioxide. Its 
concentration is increased within enclosures by the carbon dioxide given 
off by occupants. The total air change through open windows, infiltra- 
tion, and mechanical ventilation, may be measured by the carbon dioxide 
concentration^®. Since occupants also give off moisture, the increase in 
humidity may also be used as an index of ventilation within a space. 
Neither method is used at the present time, and more direct methods of 
measuring air supply and air distribution are in favor. 

MEASUREMENT OF RELATIVE HUMIDITY 

Wet- and dry-bulb mercurial thermometers are usually used to deter- 
mine relative humidity. The sling psychrometer is a common mounting 
of the thermometers to permit swinging. The wet-bulb wick and water 
for wetting it must be clean, and the temperature of the water should 
preferably be slightly above the wet-bulb temperature. An air stream 
velocity of 900 fpm is recommended, although velocities from 300 fpm 
to 1000 fpm have been foimd satisfactory for passage over the wet-bulb 
wick. The velocity may be obtained by whirling the thermometer or by 
aspirating air over the wet-bulb. In ducts, the air flow itself gives the 
proper evaporating conditions. Several observations should be made 
until the minimum temperature is reached. Relative humidity may be 
obtained from tables or psychrometric charts^. Although it is common 
practice to use the charts which are based on a barometric pressure of 
29.92 in. Hg, a correction for barometric pressure is necessary for extreme 
accuracy. This correction is made by multiplying the relative humidity 
as determined from the chart by the ratio of the observed barometric 
pressure and the standard barometric pressure. 

For temperatures below 32 F, the water on the wick is allowed to 
freeze, during which time the temperature will drop below the true wet- 
bulb. A thin film of ice is more desirable than a thick one, and it is 
satisfactory to remove the wick and freeze a thin film directly on the 
bulb. Care must be taken to read the temperatures accurately due to the 
slight wet-bulb depressions. Tables for ice conditions must be used^. 


“A.S.H.V.E. Research Report No. 959 — Indices of Air Change and Air Distribution, by F. C. 
Houghten and J. L. Blackshaw (A.S.U.V.E. Transactions, Vol. 39, 1933, p. 261). 

‘■^Psychrometric Tables for Vapor Pressure, Relative Humidity and Temperatures of the Dew-Point 
(U. S. Department of Agriculture, Weather Bureau, Washington, D. C.). 

“A Review of Existing Psychrometric Data in Relation to Practical Engineering Problems, by W. H. 
Carrier and C. O. Mackey (A.S.M.E. Transactions, January, 1937, p. 33; Discussion, A.S.M.E. Trans- 
actions, August, 1937, p. 528). 
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The dew-point apparatus for humidity measurements cpnsists of a 
polished plated container cooled by the evaporation of a volatile liquid 
within. The temperature at which the first slight water vapor forms is 
the dew-point. If the temperature is below 32 F> the deposit will appear 
as frost. Another method of determining humidity is by chemical means 
in which the water vapor is removed by a drying agent and weighed 
on a chemical balance. A thermal conductivity method is available for 
temperatures above 212 F or for extremely low humidities®®. 

DUST DETERMINATION 

The measurement of dust is complicated by the many kinds involved. 
Some of the collecting methods are impingement on viscous surfaces, 
impingement at high velocity under water, collection on porous crucibles 
through which air passes, and electric precipitation. Determination may 
be by direct weighing of samples or by microscopic counting. The most 
commonly used methods are the modified Hill dust counter using micro- 
scopic count, the Smith-Greenburg impinger which collects samples in 
water and which are counted under a microscope in a Sedgwick celF®. 
and the Lewis sampling tube with the analytical determination of the 
increase in weight of a porous crucible. All reports should state the 
method of sampling and counting. The A.S.H.V.E. Code for Testing 
and Rating Air Cleaning Devices Used in General Ventilation Work 
specifies the porous crucible method^h 

HEAT TRANSFER THROUGH BUILDING MATERIALS 

The A.S.H.V.E. Standard Test Code for Heat Transmission Through 
Walls^® describes the construction and use of the guarded hot box for 
determining over-all heat transmission coefficients of built-up sections. 

In June, 1942, the A.S.H.V.E. adopted a standard test procedure for 
determining the conductivity of materials by the use of a guarded hot 
plate^^. Th^e Nicholls heat meter is very useful for determining the heat 
flow through walls of buildings®^. 

MEASUREMENT OF HEAT EXCHANGE FOR COMFORT CONDITIONS 

Several instruments have been devised to measure the effect of various 
factors as they relate to the comfort of the body*^. The principal ones are 
the Kata-thermometer, Dufton’s eupatheoscope, Vernon’s globe ther- 
mometer, Winslow and Greenburg’s thermo-integrator, and Yaglou’s 


«Gas Analysis by Measurement of Thermal Conductivity, by H. A. Daynes (Cambridge Press, 1933). 

“Public Health Bulletin, No. 144, 1925, (Z7, 5. Public EeaUh Service). 

•^Testing and Rating of Air Cleamng Devices Used for General Ventilation Work, by S. R. Lewis 
(A.S.H.V.E. Transactions, VoL 39, 1933, p. 277). 

“A.S.H.V.E. Standard Test Code for Heat Transmission Through Walls (A.S.H.V.E. Transactions, 
Vol. 34, 1928, p. 253): ' - 

“Standard Method of Test for Thermal Conductivity of Materials by Means of the Guarded Hot Plate 
(Tentative). Reprints of this code are available at $ .10 a copy. 

“A.S.H.V.E. Research Report No. 685 — Measuring Heat Transmission in Building Structures and a 
Heat Transmission Meter, by P. NichoUs (A.S.H.V.E. Transactions, Vol. 30, 1924, p. 65). 

“Measurement of the Physical Properties of the Thermal Environment, by D. W. Nelson, F. R Bichow- 
sky, L. M. K. Boelter, R. S. Dill, A. P. Gagge, John A. Goff. A. E. Hershey, F. C. McIntosh, F. W. Reich- 
elderfer, G. L. Tuve and C. P. Yaglou (A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning, 
June, 1942, p. 382). 
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heated globe^®* These instruments were designed to obtain a quanti- 
tative measurement of the thermal exchange between the human body 
and its environment. 


COMBUSTION ANALYSIS 

The analysis of flue gases to determine completeness and efficiency of 
combustion is usually made chemically with the Orsat apparatus. This 
consists of a measuring burette, a leveling bottle, and three pipettes. 
Carbon dioxide is absorbed in the first pipette by potassium hydroxide, 
oxygen in the second by potassium pyrogallate, and carbon monoxide in 
the third by cuprous chloride. A known volume of gas is drawn in, and 
after each of the three absorptions the reduced volume is again measured 
in the burette. Pressure and temperature of the gas sample are kept 
constant while measuring. Several passes are made through each pipette 
which contains tubes or glass beads to increase the wetted surface. It is 
essential that each reaction be completed before the next reaction is 
started. Since the life of the reagents is limited, it is well to keep a record 
of the number of samples tested. Care is needed in operation to prevent 
the pulling of reagents out of the pipettes into the capillary tubing and 
burette. Many recording gas analyzers are available and are usually 
found in the larger plants. 

Carbon Monoxide Measurement 

A method of analyzing for low carbon monoxide concentrations com- 
pletes the oxidation of the carbon monoxide in a known volume of 
sample, in the presence of a catalyst. The heat resulting is measured by 
a thermocouple calibrated in parts per 10,000 of carbon monoxide®®. 

SMOKE DENSITY MEASUREMENTS 

Smoke density may be judged by assigning to it the number of the 
Ringelmann Smoke Chart which appears to have the same color when 
observed at a distance of 50 ft. The charts are numbered 1 to 4 and are 
made of black lines cross-ruled on white as given in Table 1. 

Apparatus using the photo-electric cell has been devised for recording 
smoke densities in large plants. 


Table 1. Ringelmann Smoke Chart Spacings 


NtTMBER 1 

OF Card 

Thickness of 

LINES, MM 

Distance in Clear 

Between Lines, mm 

1 

1.0 

9.0 

2 

2.3 

7.7 

3 

3.7 

6.3 

4 

5.5 

4.5 


» Instruments and Methods for Recording Thermal Factors Affecting Human Comfort, by C. P. Yaglou, 
A. P. Kratz and C-E. A Winslow (Year Book, American Journal Public Healthy 36-37). 

3^The Thermo- Integrator — A New Instrument for the Observation of Thermal Interchanges, by C.-E. 
A. Winslow and Leonard Greenburg (A.S.H,V.E. Transactions, Vol. 41, 1935, p. 149). 

Carbon Monoxide Recorder, by S. H. Katz, D. A. Reynolds, H. W. Frevert and J. J. Bloomfield 
U. S Bureau of Mines, Technical Paper No. 355, 1926). 
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Wolo.. un d ^yi^oto!^ C^onti^oid 


Direct Current Motors, Alternating Current Motors for Single 
Phase and Polyphase, Special Applications, Classification of 
Motors, Manual Control, Automatic Control, Pilot Controls, 

Direct Current Motor Control, Squirrel- Cage Motor Control, 
Multispeed Motor Control, Wound Rotor Motor Control, 

Single Phase Motor Control 

T HE^ electric motor, available in many different types suitable for 
various services, is now the most widely used form of prime mover. 
The equipment for starting, controlling and protecting these motors varies 
with the type and with the functions it is desired to attain. Motors used 
for heating, ventilating and air conditioning applications may be divided 
into two general clcissifications: (1) for use with direct current, and (2) 
for use with alternating current. 

All driven machinery has certain torque characteristics which may vary 
with the speed, such as fans, which have sharply increasing torques with 
increasing speed. Others, such as reciprocating compressors, have a con- 
stant torque characteristic with changing speed, while still others such 
as stokers, may have rising torque with decreasing speed. Motors with 
suitable torque characteristics should be applied to the driven load. 

All electric motors, as with nearly all machines, are rated on the basis 
of the total temperature which the motor attains under operating con- 
ditions as well as other characteristics. The motor temperature is a 
result of both the ambient temperature and temperature rise of the motor. 
The motor temperature rise is in turn determined by motor construction 
and motor losses. In selecting motors careful attention should be given 
to the ambient temperature, and rated motor rise in order that the 
resulting motor temperature does not exceed allowable total temperature, 
otherwise greatly shortened motor life will result. Consult motor manu- 
facturers for allowable temperatures. 

DIRECT CURRENT MOTORS 

The three types of direct current motors available are: (1) shunt 
wound, (2) compound wound, and (3) series wound. 

Shunt Wound motors, being suitable for application to fans, centrifugal 
pumps, or similar equipment, where the amount of starting torque required 
is relatively small, are used for the majority of applications in the field of 
heating, ventilating and air conditioning. They may be used on recipro- 
cating pumps and compressors, if started under unloaded conditions. 
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Compound Wound motors are required for application to reciprocating 
compressors, stokers, reciprocating pumps when started under loaded 
conditions, and also when applied to similar equipment where high 
starting torque is required. Whenever frequent starting makes high 
starting and accelerating torque desirable, or where sudden changes of 
load are encountered, compound wound motors are used. 

Series Wound motors find only limited application in a few special cases 
and are available in only a limited range of sizes. 

Speed Characteristics 

Direct current motors are available with speed characteristics of four 
types: 

1. Constant speed. 

2. Adjustable speed. 

3. Adjustable varying speed. 

4. Varying speed. 

Constant Speed motors may be shunt wound or compound wound. 
Shunt wound motors have a nearly flat speed-load characteristic, with a 
speed regulation, when hot, from full load to no load of 15 per cent for 
up to % hp, 12 per cent for one to 5 hp and 10 per cent for 7J4 hp and 
larger, based on full load speed. Compound wound motors have a speed 
regulation over the range from full load to no load of not more than 
25 per cent, based on full load speed. 

Adjustable Speed motors are usually shunt wound since it is impracti- 
cable to maintain the proper relation between the shunt and series fields 
of compound wound motors when wide variations of the field strength 
are required to obtain the speed adjustment. 

Adjustment of the speed of shunt wound motors is obtained by field 
control on motors rated at % hp and larger, with the minimum or base 
speed at full field strength and higher speeds at reduced field strength 
(obtained by adding resistance in the field circuit). The speed regulation 
from no load to full load will not exceed 22 per cent for 2 to 5 hp; nor 
15 per cent for 73^ hp and larger. Below 2 hp, the regulation may exceed 
22 per cent. If closer speed regulation is required, specially wound motors 
must be obtained. 

Motors with a speed range by field control of 3 to 1 or more are con- 
sidered as adjustable speed, with less than 3 to 1 as constant speed. These 
motors can be rated on the basis of : (1) tapered continuous horsepower 
output with constant minimum rated output up to a speed ratio of 13 ^ 
to 1 and increasing horsepower up to 3 :1 and constant maximum horse- 
power (next horsepower rating above minimum rated horsepower) above 
3:1; with variable motor temperature rise; (2) constant minimum horse- 
power from 1:1 to 4:1 with variable temperature rise; and (3) constant 
maximum horsepower from 1 :1 to 4:1 with constant temperature rise for 
one hour operation and then the motor allowed to cool before further 
operation. High efficiency is maintained over the entire speed range. 

Adjustable Varying Speed motors may be either shunt or compound 
wound and speed adjustment is obtained by adding resistance in series 
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with the armature. The speed thus obtained is always below the rated 
full field speed. Any standard shunt or compound wound constant speed 
motor may be used in conjunction with the proper armature resistor. 
The usual range of speed reduction is 50 per cent. The speed obtained 
for any setting of the resistor depends on the load of the motor and will 
vary with this load. 

The speed regulation at high speed is comparable to a constant speed 
motor, but becomes poorer as the speed is decreased. When operating at 
reduced speed, an increased torque requirement which the motor could 
easily handle at rated speed is easily sufficient to stall the motor; for 
example, a motor operating at two-thirds speed would be stalled by a 
torque about 50 per cent in excess of the normal requirement. 

The efficiency of the motor is reduced as the speed is reduced, since the 
loss in the resistor is greater at lower speeds. Speed reduction by armature 
control is usually selected where: 

1. A wide speed range is not required. 

2. Close speed regulation is not necessary. 

3. Operating time at reduced speed is short. 

4. Operating load at reduced speed is small so that the reduced efficiency can be 
ignored. 

5. The rating is less than 1 hp. 

By proper field, and armature voltage control, motors are available for 
speed ranges of 8:1 to 16:1 in sizes up to 30 hp. Below basic speed the 
motors are rated at constant torque and speed control is obtmned by 
armature voltage control. Above basic speed, speed variation is obtained 
by field control and the motors are rated at constant horsepower.^ The 
motors will operate continuously, without injurious temperature rise, in 
normal ambient, to a speed of one-sixth of basic speed. Below one-sixth 
basic speed, motors should be operated intermittently only, because of 
reduced ventilation at the lower speed. 

Varying Speed motors are series wound and the speed varies with the 
load on the motor. They should be used where : (1) the load is practically 
constant or increases with speed, and (2) the motor can easily be con- 
trolled by hand. They should not be used where there is a possibility of 
operation without load or at a reduced load, as the speed of the motor 
may become dangerously high. 

For shunt wound motors with full field strength, the starting torque 
varies almost directly with the starting current, which is dependent on Ae 
resistance in the armature circuit. With varying positions of the starting 
rheostat, it is possible to obtain a wide range of starting torque, within 
the limits of starting current permitted by the power company. 

A compound wound motor requires somewhat less current for the same 
starting torque. The maximum torque of shunt, series, and compound 
wound motors is limited by commutation. 

ALTERNATING CURRENT MOTORS 

Alternating current motors may be divided into two principal classi- 
fications, namely, (1) those motors which may operate on single phase 
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current, and (2) those motors which may operate on polyphase current. 

1, Single phase motors are available in four common types: 
a. Capacitor motors. 

(1) Capacitor start, capacitor run. 

(2) Capacitor start, induction run. 
h. Repulsion induction motors. 

c. Repulsion start, induction run motors. 

d. Split phase motors. 

2. Polyphase (2 or 3 phase) motors are available in three common types: 
a. Squirrel-cage induction motor. 

h. Wound rotor induction motor. 
c. Synchronous motor. 

Where the public utility supplying the current determines that a 
particular installation should be served with polyphase current, it is 
generally understood that the major portion of the motors will be for 
polyphase current, although it is commonly acceptable for the smaller 
motors to be single phase. This will in general limit the use of single 
phase current to the smaller motor ratings and the polyphase to the larger 
motors. Domestic and semi-commercial installations will usually be 
single phase. 

Single Phase Motors 

Capacitor type motors are available in ratings up to 5 hp for general 
purposes. These motors are recommended for pumps, compressors and 
fan duty including housed centrifugal fans and propeller fans. The 
general purpose motor is commonly known as a high torque capacitor 
motor having approximately 300 per cent starting torque with normal 
current and having a different value of capacitance for starting and 
running which is automatically changed over by a mechanical or electrical 
means. 

Capacitor motors for fan duty are usually divided into the open high 
torque type for belted fans and the totally inclosed non-ventilated low 
torque type for propeller fans mounted directly on the motor shaft. The 
open low torque capacitor motor may be used with small centrifugal fans 
mounted on the motor shaft. 

Although the motors for belted fans are called high torque, the available 
starting torque is somewhat less than the torque of the general purpose 
motor and the slip at full load is approximately 8 per cent. With this 
larger amount of slip, adjustable speed down to 60 or 70 per cent of rated 
speed may be obtained by line voltage variation. Motors for propeller 
fan drive may be supplied with sleeve bearings to obtain greater quietness 
in the smaller sizes where the fan thrust does not exceed approximately 
25 lb. For larger fans, thrust ball bearing motors should be used. Low 
torque capacitor motors have approximately 50 to 60 per cent starting 
torque and do not change the value of capacitance from start to run. 
Two of the curves in Fig. 1 show the relation of torque and speed for the 
low and high torque capacitor motors. 

Capacitor motors with high slip may have taps brought out from the 
main winding which, when connected to the line, give a second speed of 
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from 65 to 70 per cent of the normal speed. This type of motor must be 
specially designed for the individual fan, otherwise the correct low speed 
will not be obtained. Care should be exercised in applying it to centrifugal 
fans where restriction to the air flow through the use of adjustable dampers 
changes the motor load and consequently the speed. This same effect is 
also found in transformer speed controllers, however, a series of trans- 
former taps allows for a selection which partially overcomes the effect of 
change in motor load. 

Capacitor start-induction run motors are usually confined to the smaller 
horsepower ratings and differ from the capacitor motors by having no 
running capacitor. The value of starting capacitance used may vary with 
the different types of applications involved. These motors may be used 
for practically any of the applications met in air conditioning. However, 



Fig. 1. Typical Speed-Torque Curves for Small Motors 

consideration should be given to the fact that they are not as quiet as a 
capacitor motor. 

Repulsion induction motors start as repulsion motors and operate under 
full speed as combined repulsion and induction motors through the in- 
herent characteristics of the motor which has, in addition to the wire 
winding with commutator, a buried squirrel-ca^e winding. No additional 
switching devices are required to change over from start to run. This and 
the repulsion motor described later may be used for constant speed 
drives where high starting torque is required and where commutator and 
brush noise are not factors. 

The repulsion start-induction run motor starts as a repulsion motor, 
has a switching means for transferring from start to run which short 
circuits the commutator and permits operation under full speed as a 
wound induction motor. This motor is suitable for applications similar 
to those for which the repulsion induction motor is used. 

The split phase motor has a high resistance auxiliary winding in the 
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circuit during starting which is disconnected through the action of a 
centrifugal switch as the motor comes up to speed. Under running con- 
ditions, it operates as a single phase induction motor with one winding in 
the circuit. These units are available for the lower horsepower ratings and 
when equipped with a high slip rotor may be used for adjustable varying 
speed through line voltage control. 

Polyphase Motors 

Squirrel-cage induction motors are available in four types, three of 



Fig. 2. Comparative Curves of Squirrel-Cage Induction Motors 

which are normally used in heating, ventilating, and air conditioning 
applications, and in a full range of sizes; 

1. The normal torque, normal starting current squirrel-cage motor has close speed 
regulation, high efficiency, high power factor, medium starting torque, high pull-out 
torque, arid is suitable for general purpose applications. This motor has a l^ge current 
inrush and a low starting power factor. When central stations require current limiting 
starting equipment on such motors, the starting torque is less. 

2. The normal torque, low starting current squirrel-cage motor has approximately the 
same torque as the normal current motor, but the starting current is about 20 per cent 
less than the normal torque motor on full voltage and ordixiarily within most power 
companies locked rotor current limits on sizes up to 30 hp. 

This motor lends itself to automatic or remote control because no current limiting 
starting equipment is necessary up to and including 30 hp. A magnetic starter with low 
voltage and thermal relay overload protection gives the most satisfactory service. 
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3. The high torque, low current squirrel-cage motor has a starting torque approxi- 
mately 25 to 50 per cent greater than the normal torque motor on full voltage with 
starting current approximately equal to the normal torque low starting current motor 
started on full voltage and within the required limits on 30 hp sizes and smaller. The^ 
motors are also started directly across-the-line on full voltage through a ^ magnetic 
starter or other approved starting device. 

Typical speed torque and speed current curves for the three types of 
motors in the integral horsepower size are shown in Fig. 2. A speed 
torque curve for a fractional horsepower size motor of the polyphase 



HORSEPOWER RATING 

Fig. 3. Efficiencies and Power Factors for Squirrel-Cage Induction Motors 

type is given in Fig. 1. Some of the motor manufacturers have taken 
definite steps to combine the normal torque, normal starting current 
motor, with the normal torque low-starting current motor, and supplying 
one type of motor with normal torques and a starting current between the 
normal and low-starting current values now used. 

These three types of motors are also available in two, three, or four 
speed designs wiA variable torque, constant torque, or constant horse- 
power characteristics. Two speed motors may be either single, or two 
winding; three speed motors are two winding; and four speed motors are 
two winding, "^^en a motor can be wound with a winding for each 
speed, better operating characteristics may be obtained because no 
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sacrifice is made for the other speed and operating characteristics ap- 
proaching single winding motors may be expected. 

Frequently, multispeed motors lend flexibility to an installation that 
cannot be obtained in any other way. 

Multispeed motors are started directly across the line through magnetic 
starting equipment with overload and low voltage protection and may 
have compelling relays to insure starting on low speed regardless of the 
ultimate running speed. The starting current is therefore limited to that 
of the low speed winding and consequently lowers the maximum demand. 

Often where the central station requires current limiting starting 
equipment for the normal torque, normal starting current motor, it is 
advisable to use the normal torque low starting current multispeed, or 
the wound rotor motor. High slip polyphase motors may be used for 



Fig. 4. \"ariation of Efficiency and Power Factor with Load for 
SQ tnRREL-CAGE INDUCTION MOTORS 

adjustable varying speed drives in a manner similar to that described for 
capacitor rnotors, with either a transformer speed regulator or tapped 
motor windings. 

The approximate full load efficiencies and power factors for general 
purpose normal torque, normal starting current squirrel-cage induction 
motors are shown in Fig, 3. The change of efficiency and power factor of 
a typical normal torque, normal starting current squirrel-cage induction 
motor wiA load is illustrated in Fig. 4. The efficiency of a normal torque, 
low starting current motor is essentially the same as shown in Fig. 3 and 
the power factor slightly lower. For the high torque low starting current 
motor the efficiency is considerably lower than Fig. 3 and the power 
factor slightly lower than shown. It is apparent from these motor 
characteristics that a squirrel-cage motor may be selected for operating 
any air conditioning and allied equipment. 

Some polyphase vniuction motors are constructed with two windings 
on the rotor, one of which is a high resistance, squirrel-cage winding used 
in starting and gives a high starting torque approximately the same as 
the high torque, squirrel-ca^e. A centrifugal mechanism within the 
motor switches to the second low resistance winding when the motor 
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comes up to speed, thus obtaining running characteristics equal to the 
normal torque, normal current squirrel-cage motor. The starting power 
factor of the motor is high. 

Wound rotor motors are built for two classes of service, constant speed 
and adjustable variable speed. The motors are identical in each case and 
use the same primary control, the only difference being in the secondary 
control. Wound rotor motors for constant speed service are used where 
high starting torque with low starting current is required for bringing 
heavy loads up to speed. The resistance is in the secondary or rotor 



Fig. 5. Performance Curves for Wound Rotor Motor with 
Different External Resistances 

circuit, only when starting, and is short circuited when the motor is 
up to speed. 

For adjustable varying speed service, part or all of the secondary 
controller resistance is in the circuit whenever the motor is operating 
below full speed. The speed obtained with a given resistance in the 
secondary circuit is dependent on, and changes within limits, with the 
load on the motor. The horsepower developed by the motor driving a 
load requiring constant torque, such as a reciprocating compressor, is 
approximately proportional to the speed, whereas the power input 
required by the motor is practically the same at reduced speed as at full 
speed. Hence the efficiency at reduced speed is much lower than at full 
speed. For such a motor the minimum speed is approximately 50 per cent 
of the full load speed. For loads whose torques decrease with speed, such 
as fans and blowers the horsepower developed is approximately pro- 
portional to the cube of the speed and the power input to the motor is 
reduced with decreased speed. However, the efficiency is lower than full 
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Table 1. Classification of Motors 


Current, 

Type 

Speed 

Charac- 

; Full Voltage 

! 

HP 

Range | 

Type of 
Application 



; TERISTICS 

1 

, Starting Starting 
Torque , Cutrrent ] 

See Footnote* 


Constant Speed Drives 



1. Shunt 

i 

} Constant 

1 

! i 

Normal 

All 

(a) Fans and 
(c) centrifugal pumps 
and centrifugal 
compressors 

Direct 

2. Compound 

Constant 

or 

Variable 

High 

Normal 

AU 

(6) (c) (e) Redprocatr 
mg pumps and fre- 
quent or hand 
starting 


3. Series 

Variable 

High 

Normal 

Small 

(d) Fans direct con- 
nected 


4. Squirrel-Cage 
General Purpose 
Normal Torque 

Constant 

Normal 

0.8~1.6 

times 

High 

6-8 times 

All 

(a) Fans and 
(c) centrifugal pumps 
and centrifugal 
compressors 


5. Squirrd-Cage 
Normal Torque 

Constant 

Normal 

0 8-1.5 
times 

Normal 

5-6 times 

Medium 

Small 

(o) Fans and centri- 
fugal pumps and 
centrifugal com- 
pressors 

Poly- 

phase 

6. Squirrd-Cage 
High Torque 

7, Wound Rotor 

Constant 

Constant 

or 

Variable 

High 

2-2.6 

times 

High 

1-2,6 

times 

Normal 

6-6 times 

Low 

1-3 times 
with sec- 
ondary 
control 

Medium 

Small 

All 

(&) Reciprocating 
pumps 

ijt) and compressors 
started loaded 

Co) Hoists 
{by reciprocating 
pumps and com- 
pressors 

(o') and frequent 
(s; or hand start 


8. Svndhronous 
Speed 

1 Constant 

1 

Normal 

0.75-1.76 

times 

Normal 
5-7 times 

Medium 

Large 

(o) Fans and cen- 
trifugal pumps and 
centrifugal com- 
pressors 


9. Synchronous 

Low Speed 

1 Constant 

Low 

0.3-0.4 

times 

Low 

8-4 times 

Medium 

Large 

(o) Redprocating 
compressors start- 
ing unloaded 

Single 

PHASE 

10. Capodtor 

XI. Capacitor Fan 

Constant 

Constant 

Hifih 

Normal 

Normal 

Normal 

Small 

Small 

<J) Pumps and 
compressors 

(a) Fans, centrifugal 
pumps 


*Api>licatIonB: 

a. Mvcs having medium or low starting torque and inertia (TFR*) such as fans and centrifugal pumps 
or redpiocatmg pumps and compressors started unloaded. 

6# Drives having high starting torques, sudb as reciprocating pumi)s and compressors started loaded. 

c, ^il a r to (o) except where frequent or hand starting (large WS?) requires a higher starting and 
accderating torque. 

d. Fans direct coimected. 
s. Stoker drives. 
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Table 1. Classification of Motors — (Concluded) 




Speed 

Full Voltage 


Type of 

Current 

Type 

Charac- 

teristics 

Starting 

Torqiue 

Starting 

Current 

Range 

Application 

See Footnote* 


12. Capacitor Start 
Induction Run 

Constant 

High 

Normal 

Small 

Fractional 

(u) Fans 
{b) pumps and 
compressors 

Single 

PHASE 

13. Repulsion 
Induction 

Constant 

High 

Normal 

Medium 

Small 

(a) Fans 

W pumps and 
compressors 


14. SpUt Phase 

Constant 

and 

Adjust- 

able 

Normal 

Normal 

1 

Fractional 

(a) Fans 
(d) pumps and 
compressors 
(d) fans^irect 


Adjtistable Speed Drives 



15. Shunt Field 
Adjustment 

Constant 

Normal 

Normal 

All 

(a) Fans and 

(tf) centrifugal pumps 

Direct 

16. Shunt Armature 
Resistor 

Variable 

Normal 

Normal 

All 

(a) Fans and 

(c) centrifugal pumps 


17. Variable Voltage 
Control 

Variable 

Normal 

Normal 

All 

(d) Fans and 

centrifugal pumps 


18. Squirrel-Cage 
High Slip. 
Transformer 
Adjustment 

Variable 

Normal 

Normal 

Medium 

Small 

(a) Fans 

Poly- 

phase 

19. Squirrd-Cage 
Separate Wind- 
ing or Regrouped 
Poles 

Constant 

Multi- 

Sp^ 

Normal 
or High 

Normal 
or Low 

All 

(а) Fans 

(б) pumiwand 
(c) compressors 


20. Wound Rotor, 
External 
Secondary 
Resistance 

Variable 

High 

Low 

All 

1 

i (a) Fans 

1 (b) centrifugal pumps 
and compressors 

1 


21. Repulsion 

Variable 

High 

Normal 

Low and 
Fractional 

(a) Fans — centrifugal 
pumps 

(b) compressors 

Single 

Phase 

22. Capacitor Low 
Torque Tapped 
Winding 

Variable 

Two 

Speed 

Low 

Normal 

Fractional 

(d) Fans, direct 

23. Capacitor Low 
Torque Trans- 
former Adjust* 
ment 

Variable 

Low 

Low 

Fractional 

(d) Fans 


24. Split Phase 
Regrouped Poles 

Constant 

Normal 

Normal 

Fractional 

(d) Fans 
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load efBdency. For loads with greatly lower horsepower requirements at 
reduced speed motors can be furnished with minimum speeds of 25 per cent 
of maximum speed. 

The curves of Fig. 5 indicate the performance of a typical wound rotor 
motor with various values of secondary or external resistance. With 
various values of resistance the motor will operate with different speeds 
below full load speed, depending on the load torque. By use of a suitable 
resistor the motor can be operated continuously at reduced speed. 

Synchronous motors are ordinarily used where there is a need for or 
advantage in obtaining power factor correction and high efficiency, or 
where constant speed is necessary* or where they have a lower first cost 
than other types of motors. They are especially applicable for large low 
speed reciprocating compressor drive in view of their lower first cost. It 
is necessary to consider each application as a special case, which must be 
individually engineered to correctly establish the combined moment of 
inertia of the compressor, coihpressor flywheel and motor rotor. Other- 
wise due to the torque pulsations of the compressor unsatisfactory opera- 
tion will result. 

Synchronous motors are frequently used for driving large direct con- 
nected, medium speed fans where continuous operation makes high 
efficiency and power factor of some value. Similarly they are being used 
for driving large high ^ speed centrifugal compressors through speed 
increasing gears. On this type of compressor, the torque characteristics 
are the sanae as for a fan and each application is not a special case as is 
true for reciprocating compressors. 

Adjustable speed drives may also be obtained by using a constant speed 
motor either induction or synchronous type, and an adjustable speed 
coupling. Such couplings are available in both hydraulic and magnetic 
types, both of which are easily adjustable over a wide speed range with 
a variable torque load and a more moderate speed range with a constant 
torque load. 

Enclosures 

Motors are built in several types of frames depending on the particular 
application. Usually the open type of motor, meaning one with an open 
frame so that the windings are not too closely protected from ambient 
conditions such as dirt, dust, moisture, abrasive material, etc., is used. 
In^ case the motor is to be installed under dripping pipes, for instance, a 
drip-proof frame motor should be used and in case the motor is to be 
exposed to splashing water a splash-proof frame motor should be used. 
These types of frames offer more protection to the motor winding and 
consequently the winding experiences a reasonable life. Similarly if the 
motor is to be exposed to abrasive dust or explosive gases special enclosed 
or explosion proof frames should be considered. Such requirements as 
these are frequently encountered in certain industrial applications in 
which cases, It is necessary to select the motors from the viewpoint of 
service conditions as well as the required operating and temperature 
characteristics to meet the demands of the machines being driven and the 
surrounding ambient. 

The general classification of motors used for heating, ventilation and 
air conditioning is shown in Table 1. 
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CONTROL EQUIPMENT FOR MOTORS 

In selecting control for alternating and direct current motors it is 
necessary to determine whether the installation is to be operated by 
manual or automatic control. The available controls and the function of 
each group of apparatus may be outlined as follows: 

1. Manual Control: 

a. To establish current. 

(1) Snap switch. 

(2) Knife switch. 

(3) Manually operated contactor. 

(4) Drum switch. 

h. Establish current and provide overload protection. 

(1) Snap switch with overload element. 

(2) Knife switch with fuse or thermal cutout. 

(3) Manual contactor with overload protective device; also reduced voltage 
starting compensator. 

(4) Drum switch with overload protection. 

c. Establish current and provide overload and low voltage protection. 

(1) Not used. 

(2) Not used. 

(3) Manual contactor or reduced voltage compensator with overload and low 
voltage release. 

(4) Drum switch equipped with latch coil to give low voltage release. 

2. Automatic Control; 

a. To start on full voltage. 

(1) Without overload device (used only on small fractional horsepower motors). 

(2) With overload device. 

(3) With combination overload device and disconnect switch. 

(4) With combination overload device, disconnect switch and short circuit 
protection. 

h. Reduced voltage starting with options, 2, 3 and 4, under full voltage control. 

(1) Primary resistance type starter. 

(2) Auto transformer type. 

(3) Reactor type. 

The present trend in practice is to include short circuit protection for 
the motor feeder and controller in the automatic starter either by means 
of fuses or breakers depending on the size and voltage of the motors, and 
the short circuit capacity of tJie feeders and source of power to which the 
motors are connected. 

Most motors are mechanically and electrically designed for full voltage 
starting. Power companies have set up certain restrictions on starting 
motors on full voltage due to the necessity of maintaining voltage on 
their distribution lines within certain limits. Large motors on low 
voltage systems may cause serious voltage dips on starting, due to the 
high value of the inrush current. However, certain types of motors such 
as those with switches for changing the motor circuit during the starting 
period, may draw' other high peaks of current as large or larger than the 
initial inrush, during the* accelerating period which will also cause voltage 
dips. These voltage dips may cause light flickering, shortening of lamp 
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life and other objectionable results. To avoid these effects reduced 
voltage starters are used. However, the starting limitations vary with 
the various power companies and the starting requirements should be 
checked in each locality* 


PILOT CONTROLS 

In selecting pilot control devices to operate in conjunction with either 
manual or automatic motor control, it is necessary that they be classified 
as follows; 

1. Two Wire Control. Some thermostats, float switches, and pressure regulators 
provide two wire control which gives low voltage release. A three position off-on auto- 
matic pilot switch can be used in connection with this method and thus provide manual 
control. With a low voltage (12 or 20 volt) control circuit it is desirable to use a low 
voltage thermostat. When this type of thermostat is used it will be found that a saving 
in the wiring cost results. When using the low voltage thermostat on a control circuit 
a relay and transformer panel should be used instead of the low voltage coil on the 
starter. 

2. Three Wire Control. Other types of thermostats, float switches and pressure 
regulators are of the three wire, low voltage type and are used in conjunction with a 
control drcuit relay for controlling the operation of motors. Momentary contact start 
and stop push button stations are usually furnished as standard accessories with auto- 
matic starters, which give low voltage protection. This control cannot be used in com- 
bination with two vdre pilot devices. 

In selecting manual control for an alternating or a direct current motor, 
the common practice is to locate the control near the motor. When the 
control is installed at the motor, an operator must be present to start and 
stop or change the speed of the motor by operating the control mechanism. 
Sometimes manual control is employed only as a device to give overload 
protection and another device is employed to start and stop the motor. 
Manual control is used particularly on small motors which operate unit 
heaters, small blowers, and room coolers in an air conditioning system. 
In other cases manual control in the form of drums, when used with 
multispeed motors, is only used as a speed setting device with the starting 
and stopping functions operated automatically through thermostats, and 
pressure switches. 

Because of the increasing complexity of air conditioning systems, 
heating, ventilating and air conditioning equipment is being operated on 
automatic control with less dependence on manual operation and regu- 
lation. 

Automatic control of motor starters may be accomplished by the use of 
remote push button stations, by a thermostat, float switch, pressure regu- 
lator or other similar pilot devices. An added advantage of automatic 
control is that the main wiring for the starter may be installed near the 
motor, while the sorter may be operated by a control device located else- 
where. In the majority of air conditioning installations, requiring motors 
1 hp and larger, two or three phase alternating current is usually supplied. 

DIRECT CURRENT MOTOR CONTROLS 

Air conditioning installations using direct current power now are used 
only where alternating current is not av 2 dlable. Direct current motors 
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are always started through starters, which are devices using a resistance 
to be put in series with the armature circuit during starting only, the 
resistance being gradually cut out as the motor comes up to speed. The 
starting current is held within safe limits by the use of the resistance. 
The speed of a direct current motor may be regulated by several methods : 

1. Speed adjustment by field control — ^by using a device with resistance to be put in 
series with the field winding. After the motor has been started to be used to increase the 
speed of the motor above full field speed. 

2. Speed adjustment by armature control — ^by using devices with resistance to be put 
in series with the armature circuit to be used to reduce the speed of the motor below full 
field or normal speed. 

3. Combinations of field and armature control, so that the starting, field control, or 
armature control may be combined in a single unit. 

4. Speed adjustment by variable voltage control — ^by using a source of variable 
voltage a wide speed range from 16:1 and less can be obtained. Speed above basic 
motor speed is obtained by field control and below by reduced armature voltage. In the 
smaller range of motor sizes complete equipments are available for this type of control. 
In the ranges up to 30 hp this is accomplished by a small motor generator set. Below 
73^ hp variable voltage speed control can be obtained through the use of electronic 
tubes for rectification and control functions. 

Field control is usually preferred, depending on the size of the instal- 
lation. For example, if a direct current motor were required with speed 
regulation between 1200 and 600 rpm, a choice of supplying a 1200 rpm 
motor with armature control or a 600 rpm motor with field control, both 
giving the same speed variation would be possible. While the 1200 rpm 
motor with armature control is lower in first cost than the 600 rpm motor 
with field control, the cost of operating the 600 rpm motor with field 
control is less and will save the difference in first cost over a period of time 
depending on the size of installation. A wide speed variation can be easily 
obtained in a direct current motor by using a combination of field and 
armature control. 

SQUIHREL-CAGE MOTOR CONTROL 

To meet the requirements of various drives of an air conditioning 
system, three types of squirrel-cage, two or three phase motors may be 
used: (1) normal torque, normal starting current, (2) normal torque, low 
starting current, and (3) high torque, low starting current. 

Because of the large current inrush of the normal torque, normal 
starting current motor, some central stations usually require current 
limiting starting equipment on such motors above 7J4 hp. To meet ^e 
starting current requirements, manual or automatic current limiting 
reduced voltage controllers are used. These controllers are equipped with 
voltage taps, the 65 per cent tap being regularly furnished when ^e 
starter leaves the factory. Motors 734 hp and smaller have starting 
currents within the requirements of central stations and manual or 
magnetic, full voltage control may be used in all cases. 

The normal torque, low starting current motor has a starting current 
which is approximately 20 per cent less than the normal current motor on 
full voltage and within the required current limits on 30 hp sizes and 
smaller. This motor, therefore, lends itself to across-the-line control 
' because no current limiting equipment is necessary. 
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A magnetic starter with low voltage and thermal overload protection 
gives the most satisfactory service. These starters may be controlled by 
remote push button stations, thermostats, or pressure switches to meet 
the requirements of any particular installation. 

The high torque, low starting current motor has a starting current 
approximately the same as the normal torque, low starting current motor 
when started on full voltage. These motors, most commonly used on 
compressor drive, can be started directly across-the-line with manual or 
magnetic starters. 


MULTISPEED MOTOR CONTROL 

To make an installation more flexible, multispeed motors are available 
with two, three or four speed designs, with variable torque, constant 
torque or constant horsepower characteristics. Multispeed motors may 
be started by means of manual or magnetic starting equipment. 

When using automatic magnetic control with two, three, and four 
speed separate winding or consequent pole motors, control is obtained 
from a remote point by means of a push button master switch. The 
various speeds of the motor are obtained from the master switch by 
simply depressing the correct push button, which is known as selective 
speed control. It is commonly used in the smaller theater installations 
where the fan and motor are located backstage and the speed control is 
located in the lobby. 

Magnetic multispeed motor controllers may also be provided with a 
compelling relay which makes it necessary that the operator press the first 
speed button before regulating the motor to the desired speed. This 
assures the operator that the motor is always started at low speed before 
the motor is adjusted to one of the higher speeds. Starting on low speed 
limits the starting current to the starting current of the low speed winding, 
and therefore, permits the use of motors in sizes larger than ordinarily 
permitted by central stations for full voltage starting. 

Timing relays, which provide for automatic acceleration, may be used 
for control. With the automatic acceleration feature, it is only necessary 
to press the button for the desired speed. The motor will always start 
in low speed and automatically step up to the desired speed. Decelerating 
relays are used on multispeed compressor motors, in order to reduce the 
effect of the braking action and shock to the motor, compressor and drive, 
w'^hen the speed is to be reduced from a higher to a lower speed. 

Where the change of speeds does not occur at regular intervals, and 
where it is only necessary to change from one speed to another to take 
care of seasonal requirements, a manual drum speed selector may be used. 
This drum is used to select the proper motor speed while an automatic 
starter is used to start and stop the motor. 

The smaller size speed selector drums rated 10 hp at 220 volts and 
smaller may also be used as a motor starter to make and break the current, 
as well as serving as a speed selector device. Reversible or non-reversible 
drums may be supplied depending on the requirements of the installation. 

In the large size drums, a separate contactor must be provided to make 
and break the current. The contactor may be any approved starter. 
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Overload and low voltage protection may be accomplished by using a 
magnetic starter. No push button station is required, the handle switch 
on the drum having the same characteristics as a three wire push button 
station. 

In selecting two speed motors for fan, pump, blower, or compressor 
drive it will be found that the two winding motors are more expensive 
than the single winding. The control for two speed, two winding motors 
is more economical and the combined price of the motor and contactor is 
only slightly higher. Because of the better performance of the two speed 
motor and the factor of safety in having two independent motor windings, 
the increased cost is considered worth the difference. 

WOUND ROTOR MOTOR CONTROL 

When close speed regulation and low starting current are required slip 
ring or wound rotor motors are used. Wound rotor induction motors are 
built for two classes of service, constant speed and adjustable varying 
speed. The motors for the two classes of service are identical, the only 
difference being in the secondary control used with the motors. Control 
for both primary and secondary of a slip ring motor is required. 

The primary control for a constant or adjustable speed is the same type 
as used with squirrel-cage motors. Manual or magnetic starters, across- 
the-line type, may be used depending on the installation. 

The starting current and starting torque of a slip ring motor are almost 
entirely dependent on the amount of resistance in the secondary control 
and in the manner in which the secondary control is operated. The 
resistance for the secondary control is usually of the cast-iron grid con- 
struction and the amount of the resistance in the circuit is controlled by a 
multi-point drum or cam switch which can be manually or automatically 
positioned. The National Electric Manufacturers Association has adopted 
service classifications which allow a selection of resistors permitting a 
starting current on the first contact of resistance varying from approxi- 
mately 25 per cent of full load current to approximately 200 per cent of 
full load current or more, and permitting the resistor to remain in the 
secondary circuit of the motor for a period varying from not more than 
15 seconds during an interval of operation from 4 minutes to continuous. 

Speed adjustment of a wound rotor induction motor is obtained by 
inserting resistance in the secondary circuit and usually provides for a 
50 per cent speed reduction when the motor is selected for constant torque 
service for full load at maximum speed. For variable torque duty, such 
as fan drives, wound rotor motors and control are suitable for speed 
reduction to 25 or 30 per cent of full load speed. As resistors are supplied 
for both fan duty and constant torque duty, care should be taken in 
selecting the proper resistors. 

Wound rotor induction motors when used with centrifugal pumps and 
fans should have fan duty resistors. Because of the low current inrush 
of the fan and pump load a starting resistor NEMA classification No. 15 
may be used. For speed regulation resistor, classification No. 93 should 
be selected. On a compressor drive using an unloader, a constant torque 
resistor classification No. 15 should be used. If the compressor is started 
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under load, NEMA classification No. 56 or 76 is used. For constant 
torque speed regulation, resistor No. 95 is used. 

Liquid rheostats for secondary control, suitable for starting and speed 
variation are available where an infinite number of speeds is required. 
The cost of the liquid rheostat is comparable to the conventional cast 
grid and cam switch construction in the larger sizes but more expensive 
in the smaller. The liquid rheostats are suitable for either constant or 
variable torque drives but are not satisfactory for cold ambient con- 
ditions, where the electrolyte could freeze during periods of non-operation. 
The amount of resistance in the circuit can be manually or automatically 
controlled. 


SINGLE PHASE MOTOR CONTROL 

Where three phase current is not available or where single phase opera- 
tion is preferred, then single phase repulsion induction, capacitor type or 
multispeed single phase motors may be used. Since the starting currents 
of all single phase motors are required to be within the starting current 
limits established by the local power supply company, a suitable type of 
starter may be chosen from the following selection: 

1. Enclosed two pole manually operated motor starters with thermal overload 
protection. 

2. Enclosed two pole automatic motor starter operated by a push button, thermostat 
or similar device, with thermal overload relay and low voltage protection. 

3. A manual or magnetic resistance type starter with low voltage protection. 

4. A manual or magnetic control for pole changing motors and for adjustable varying 
speed motors using an auto-transformer or resistance in the primary circuit to obtain 
line (or terminal) voltage drop. 

In selecting across-the-line control for single phase capacitor type 
motors it is usually very desirable to use three pole across-the-line starters. 
Control for multispeed, single phase capacitor motors may be selected 
from tables on three phase rating when consideration is given to the 
increased current and the necessary switching of connections. 
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Operating Rooms, Reducing Explosion Hazards, Nurseries 
for Premature Infants, Fever Therapy, Cold Therapy, High 
Temperature Hazards, Control of Allergic Disorders, Oxygen 
Therapy, General Hospital Air Conditioning 


I N the past few years air conditioning has made considerable progress 
as an adjunct in the treatment of various diseases. Among the 
important applications are those in operating rooms, nurseries for 
premature infants, maternity and delivery rooms, children’s wards, 
clinics for arthritic patients, heat therapy, cold therapy, oxygen therapy, 
X-ray rooms, the control of allergic disorders, and for the physiological 
effects in industry. 


OPERATING ROOMS 

The widest application of air conditioning in hospitals is in operating 
rooms. Complete air conditioning of operating wards is important 
because winter humidification helps reduce the danger of anesthetic 
gases ; summer cooling with some dehumidification is needed to eliminate 
excessive fatigue and to protect the patient and operating personnel ; and 
finally, filtering for the removal of allergens from the operating room air. 

Reducing Exploidon Hazard 

Explosion hazards in operating rooms began with the introduction of 
modern anesthetic gases and apparatus. Ether administered by the old 
drop method gives rise to an explosive mixture, but in practice this 
method is still regarded as comparatively safe. When ether is mixed 
with pure oxygen, or nitrous oxide in certain concentrations, the explosion 
hazard may be as great as with ethylene-oxygen, or cyclopropane- 
oxygen mixtures^. 

During the course of ethylene anesthesia, the mixture, usually 80 
per cent ethylene and 20 per cent oxygen, is so rich that the danger of 
explosion is slight in the immediate vicinity of the face mask, but leakage 
of ethylene into the air may accumulate to any lower concentration, and 


iSafegxiardmg the Operating Room Against Explo^ons, by Victor B. Phillips (Modem EospitoL, 46, 
April and May, 1936). 

See also Explosion Hazards of Combustible Anesthetics, by G. W. Jones, R. E. Eennedy and G. J. 
Thomas (Z7. S. Bureau of Mines, Technical Paper No. 653, 1943). 
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thus introduce a serious hazard. The most dangerous period is at the 
end of the operation when the patient's lungs and the anesthesia apparatus 
are customarily washed out with oxygen with or without the addition of 
carbon dioxide. Even when this procedure is omitted, it is difficult in 
practice to avoid dilution of the anesthetic gas with air during the normal 
course of breathing following the administration. In either case the 
mixture would pass through the explosion range and extraordinary 
precaution is necessary for the safety of the patient and operating 
personnel. Static sparks may result from accumulation of frictional 
charges on the rubber surfaces of the anesthetic apparatus, on woolen 
blankets, and on the bodies of the operators as they walk on insulated 
floors, when the humidity is low. 

In a recent study® of 230 anesthetic explosions and fires, 70 per cent of 
the explosions and 60 per cent of the deaths were caused by igniting 
agents other then static sparks. In 1941 the National Fire Protection 
Association^ made certain recommendations for safe practice based on 
available information. Some of these recommendations are: 

Windows should be kept closed to avoid explosive pooling of anesthetic 
gases. Twelve air changes per hour and a humidity of 55 per cent are 
advised. If a higher humidity were compatible with the well being of the 
patient and personnel, it should be maintained. All electrical installations 
should comply with the standards set by the National Electrical Code for 
use in explosive situations. Cautery equipment should not be used in 
hazardous locations. To prevent static sparks, all bodies in an operating 
room should be conductive or coupled. It is essential that adequate 
grounding be provided for the floor and every object in the operating 
room. Conductive rubber should be used on shoes, leg tips, operating 
table coverings and all rubber parts of the anesthesia equipment. All 
furniture in contact wdth the floor should be metal. In the absence of 
complete grounding facilities, the simple method of intercoupling patient, 
operating table, anesthetist and gas machine at ground potential may 
be used. 

The carbon dioxide absorption method of administering anesthetics in 
a closed system confines explosive gases and obviates contact with various 
sources of ignition. Explosions in a closed system are likely to be more 
serious. However, proper precautions will reduce this hazard to a 
minimum. 

It should be realized that when a room and the occupants have been 
completely grounded there is always the possibility that the patient or 
the operator might receive a dangerous shock if a short circuit developed 
in any of the electrical equipment. 

A comprehensive study of the explosion problem and of the general 
causes and prevention of operating room hazards is being conducted 
by the University of Pittsburgh, the A.S.H.V.E. Research Laboratory, 
and the U. S. Bureau of Mines, The first result of this investigation has 
been a fruitful attempt to eliminate the explosive range of cyclopropane, 


*The Hazard of Fire and Explosion in Anesthesia, by B. A. Green {Anesthesiology 2:144, 1941). 

^Control of Physical Hazards of Anesthesia, by R. M. ToveU and A. W. Friend {Canadian Medical 
Assoctatton Journal 46:560, 1942). 
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one of the best but most difficult gases to handle. The use of helium as a 
diluent in the total gaseous mixture controls the oxygen concentration by 
replacement and since its flame quenching qualities are known it is the 
ideal gas for this purpose. In addition, a gaseous mixture containing 
helium is more difficult to ignite by electric discharges and this quality 
also increases the safety factor of anesthetic administration. 

Operating Room Conditions 

Little is known about optimum air conditions for maintaining normal 
body temperatures during anesthesia and the immediate post-operative 
period. An anesthetized patient displays dilatation of blood vessels in 
the skin resulting in profuse sweating and (it has been believed) inability 
to regulate body temperature. From this it was concluded that all 
anesthetized patients suffered considerable heat loss. In spite of this a 
recent paper^ reports little more than 0.8 F variation in the rectal tem- 
perature during the course of the operation. The severe physiological 
effects, such as excessive sweating and rapid pulse, of high operating 
room temperatures on attendants and patients during the hot months 
signify the need for proper cooling. A comparison of surgeons' state- 
ments who operate in both air conditioned and non-air conditioned rooms 
strongly indicates lesser fatigue; and the greater recuperative power of 
the patient is confirmed by the study®. 

Although the comfortable air conditions for the operatives are not 
identical with those for the patient a compromise is as a rule not difficult; 
with a relative humidity of 55 to 60 per cent, temperatures from 72 to 
80 F are used. The work just cited, reported that 68 to 70 F effective 
temperature not only furnished comfort for the operating room workers 
but apparently prevented exhaustion of the patient as evidenced by rapid 
convalescence in the recovery ward. Additional heat may be furnished 
to the patient locally or by suitable covering according to body tem- 
perature in individual cases. 

The control of air-borne infection falls into two categories, namely, 
those which prevent dispersal of infectious material into the air and those 
employed or proposed for reducing the infectivity of already contaminated 
atmospheres, by removing or killing the disease-producing^ agents. 
Among others, two of the important preventative measures are isolation 
of the infected patient and adequate masking of the hospital personnel®. 
The means most commonly employed for reducing air-bome infectious 
agents is ventilation. 

In an investigation recently conducted at the University of Pittsburgh, 
in a cooperative research program with the Society, comparative studies 
were made on bacterial content of conditioned and non-conditioned 
operating rooms. From these studies^ it was concluded that the bacterial 
content of conditioned operating rooms was considerably less than that 


^A.S.H.V.E. Research Report No. 1111 — ^Air Conditioning Requirements of an Operating Room and 
Recovery Ward, by F. C. Houghten and W. Leigh Cook, Jr. (A.S.H.V.E. Transactions, Vol. 45, 1939, 

p. 161). 

«Loc. Cit. Note 4. 

«Air-Bome Infection, by O. H. Robertson {Science^ 97:495, 1943). 

■^Report on Air Conditioning in Surgery, by W. L^eigh Cook, Jr. {Department of Industrial Hygiene ^ 
School of Medtcine, University of Pittsburgh^ 1940). 


685 




HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


of non-conditioned rooms. The degree of air contamination can be 
reduced by proper ventilation, but recontamination of the air by occu- 
pants of the operating room prevents reduction in the bacterial level to a 
point adequate for the prevention of wound infections®. Research is in 
progress on the use of filtered air flowing through a system of complete 
mechanical barriers which would protect the patient completely against 
infection by attendants and bacteria-containing air in the corridor 
or ward®. 

Operations may be postponed on allergic patients during asthmatic 
manifestations through fear of complications. The removal of air-borne 
allergens, therefore, is in some cases an important function of the air 
conditioning system in preparing patients for operation. 

Central system air conditioning plants and unit air conditioners prove 
satisfactory in operating rooms %vhen producing between 8 and 15 air 
changes per hour of filtered and properly conditioned air without recircu- 
lation during the course of anesthesia. A separate exhaust fan system is 
usually necessary to confine and remove the gases and odors. Double 
windows are desirable and often necessary to prevent condensation and 
frosting on the glass in cold weather and to minimize drafts. The high 
air flow of 8 to 15 air changes in operating rooms is desirable for three 
reasons: (1) to reduce the concentration of the anesthetic to well below 
the pharmacologic threshold in the vicinity of the operating personnel, 
(2) to remove the great amounts of heat and sometimes moisture, from 
sterilizing equipment if inside the operating room, from the powerful 
surgical lights, from solar heat, and from the bodies of the operatives, 
and (3) to provide extra capacity for quickly preparing the room for 
emergency operations. Much can be gained by careful insulation of 
sterilizing equipment and by thorough exhaust ventilation of sterilizing 
rooms adjoining the operating rooms. 

A very common complication presumably traceable to operations is 
pneumonia. The difference in conditions between the operating room 
and the final hospital^ destination of the patient, including corridors and 
elevators, is conducive to post-operative pneumonia. A suggested 
remedy is a recovery ward in which conditions closely approximate those 
of the operating room and in which the patients remain from one to four 
days. Satisfactory conditions in the recovery ward not only hasten 
convalescence, but dispel the fear frequently found in patients who must 
undergo operations during the hot seasons^®. 

Sterilization of Air in Operating Room 

The role of light in deterring the spread of respiratory infection is 
extremely important. Direct sunlight, diffuse daylight from a blue sky 
and even light which has passed through window glass are all bactericidal 
in varying degrees^^ Hence extensive window^ space is desirable in 
operating rooms and hospital wards. The ultra-violet range of the 

19«f ^ Operative Wounds, by Beryl Hart and S. E. Upchurch (Annals of 

»The Control of Cn^Cont^imtion by the Use of Mechanical Barriers, by J. A. Reynieia (Aer<^ioloiy, 
Amencan Assoctatton Advanced Science Symposium, 17:254, 1942). 

“Report of the Committee on Air Conditioning (The American Hospital Association, p. 2. 1937). 

WThe Transmismon of Certain Infections of Respiratory Origin, by L. Buchbinder (Journal of the 
American Medical Association v./cw7km- o/ 
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spectrum is the most potent for the sterilization of air. Results reported^ 
would indicate that the post-operative temperature rise of patients 
during the first few days is in most instances caused more by bacterial 
contamination of the operative wound than by the absorption of blood 
and traumatized tissues. Operating room infections are being reduced 
subsequent to the installation of special ultra-violet lamps. In the use 
of ultra-violet radiation it is important to use the most efficient part of 
the spectrum with an intensity great enough to render the air relatively 
sterile and yet not injure tissue for the period of time it will be exposed^^ 
The Council on Physical Therapy of the American Medical Association 
in a recent action voted acceptance of ultra-violet lamps for disinfecting 
purposes^^. A subcommittee of the Council on Hospital Planning and 
Plant Operation of the American Hospital Association has recommended 
that the installation of ultra-violet light equipment should be considered 
when new contagious disease or surgical operating units are built^^. 

The idea of employing bacterial mists as a method for controlling air- 
borne respiratory infection is not new, but until recently no one has 
succeeded in producing a sterile or relatively bacteria-free atmosphere by 
such means which could be tolerated by human beings^®. The mists 
consist of droplets (liquid aerosols) 1 to 2 micra in diameter dispersed in 
air. Aerosol solutions of sodium hypochlorite (1 gram in 40 million cc of 
air), a mixture of hexylresorcinal (10 per cent), and an alkysulfate {lorol 
0.05 per cent) in alkaline propylene glycol (1 gram of the mixture to 4 
billion cc of air) have been reported to sterilize contaminated air samples. 
Other compounds tested have been either inactive as aerosols or too toxic 
to be used. Recent work indicates that propylene glycol aerosols in con- 
centrations as low as 1 gram of glycol to 50 million cc of air produce 
marked and rapid bactericidal effect on atmospheric micro-organisms in 
droplet form. Atmospheres containing propylene glycol are invisible, 
odorless and non-irritating. Intensive research in the search for more 
potent aerosols is in progress. A recent paper’-^ reports the use of triethy- 
lene glycol mists which prove to be bactericidal in a dilution of 1 gram of 
glycol to 100 million to 200 million cc of air. Thus far, few data are 
available on the practical use of germicidal mists and vapors. 

NURSERIES FOR PREMATURE INFANTS 

One of the most important requirements in the care of premature 
infants is the stabilization of body temperature. This is necessary 
because their heat regulating systems are not fully developed; the 


^Effect on Wound Healing Bactericidal Ultraviolet Radiation from a Special UnitrEjqperimental 
Study, by Deryl Hart iArchives of Surgery 38:797, 1939). 

^Considerations in the Use of Ultraviolet Radiation in Operating Rooms, by C. J. Kraissl, J. G. CimiotU 
and F. L. Meleney (Annals qf Surgery 111:161, 1940). 

i^Acceptance of Ultra-violet Lamps for Disinfecting Purposes, by Council on Ph 3 rsical Therapy (Journal 
of the American Medical AssocuUion 118:298, 1942). 

i<Ultra-violet Rasrs as a Sterilization Agent in Hospitals, by the Council on Hospital Planning and Plant 
Oi>aation (American Hospital Association Bulletin No. 203, 1940). 

^Bactericidal Action of Propylene Glycol Vapor on Micro-organisms Suspended in Air, by O. H. Robert- 
son, Edward Biggs, Theodore T. Puck and Benjamin F. Miller (Journal qf Experimental Medicine 75:593, 
1942). 

WThe Lethal Effect of Triethylene Glycol Vapor on Air-Bome Bacteria and Influenza Virus, by O. H. 
Robertson, T. T. Puck, H. F. Lemon and C. G. Loosli (Science 97:142, 1943). 
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metabolism is low and the infants generally exhibit marked inability to 
maintain normal body temperatures. The resistance to infection is low 
and mortality rate high. 

Air Conditioning Requirements 

The optimum air conditions for the growth and development of these 
infants were determined by extensive research^® at the Infants Hospital, 
Boston, Mass., using four valid criteria, namely, stability of body tem- 
perature, gain in weight, incidence of digestive syndromes, and mortality. 
Individual temperature requirements varied widely (from 72 to 100 F) 
according to the constitutional state of the infants and body weights. 
The optimum relative humidity was about 65 per cent, and the air 
movement less than 20 fpm. 

A single nursery conditioned to 77 F and 65 per cent relative humidity 
was found to fulfill satisfactorily the requirements of the majority of 
premature infants. Additional heat for weak (or debilitated) infants 
may be furnished in the cribs or by means of electric incubators placed 
inside the conditioned nursery, and the temperature adjusted according 
to individual requirements. In this way multiplicity of chambers and 
of air conditioning apparatus is obviated; the infants in the heated beds 
derive the benefit of breathing cool humid air, and the nurses and doctors 
need not expose themselves to extreme conditions. 

Importance of Humidity: Although external heat is an important 
factor in the maintenance of normal body temperature, humidity appears 
to be of equal or greater importance. When the premature nurseries at 
the Infants Hospital were kept at relative humidity between 25 and 50 
per cent for two weeks or longer, the body temperature became unstable, 
gain in weight diminished, the incidence of gastro-intestinal disturbances 
increased, and the mortality rose. On the other hand, continuous 
exposure to air conditions with 55 to 65 per cent relative humidity gave 
satisfactory results over a period of years. The initial physiologic loss of 
body weight (loss occurring within first four days of life) was found to 
vary inversely with the humidity. In the old nurseries with natural 
humidity it averaged 12.4 per cent of the birth weight; in the conditioned 
nurseries it was 8.9 per cent with 25 to 49 per cent relative humidity, and 
6.0 per cent with 50 to 75 per cent relative humidity. The number of 
days required to regain the birth weight was correspondingly maximum 
in the old nursery and minimum in the conditioned nurseries under high 
humidity. 

Maximum gains in body weight occurred in the conditioned nurseries 
under high humidity (55 to 65 per cent) in infants weighing less than 
5 lb. The gains were less under low humidity (25 to 50 per cent) in the 
same nurseries, and in the old nurseries prior to the installation of air 
conditioning apparatus. 

The incidence and severity of digestive syndromes, with diarrhea, 
persistent vomiting, diminishing gain or loss of body weight, and other 


i8The Infant: A Study of the Efifect of Atmospheric Conditions on Growth and on Develop- 

by K. D. Blackfan, C. P. Yaglou and K. McKenzie (^American Journal Diseases of Children^ 46: 
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symptoms, were generally from two to three times as high under low than 
under high humidity. 

Summarizing, the best chances for life in premature infants are created 
by maintaining a relative humidity of 65 per cent in the nursery and by 
providing a uniform environmental temperature just sufficiently high to 
keep the body temperature within normal limits. Medical and nursing 
care are, of course, factors of equal and sometimes of greater importance. 

Air Conditioning Equipment 

Most of the installations now in use are of the central system type 
providing for filtration, for humidification and heating in cold weather, 
and for cooling and dehumidification in hot weather. A high ventilation 
rate, between 15 and 25 air changes, is desirable to remove odors and 
maintain uniformity of temperatures in extremes of weather. Recircu- 
lation is not used extensively in these wards owing to odors and the 
possibility of infection. 

Control oi Air-Borne Infection 

The protection of the premature and older infant against infection is 
of the utmost importance. It was found in one installation equipped 
with air conditioning, germicidal lights and mechanical barriers that air 
conditioning alone did not prevent the spread of respiratory cross- 
infections. Bactericidal ultra-violet light barriers and air conditioning 
or mechanical barriers and air conditioning were efficient^®. A brief 
preliminary report on the effect of propylene glycol vapor in reducing 
acute respiratory infections in a children’s ward, suggests that it may be 
effective^. 


FEVER THERAPY 

Artificial production of fever in man is an imitation of nature’s way 
of overcoming invading pathogenic organisms. The action may be direct 
and specific by destruction of the invading organism within the safe 
limit of human temperatures, or indirect in the case of heat resistant 
organisms, by general mobilization of the defensive mechanisms of the 
body, which retard or neutralize the activity of pathogenic bacteria and 
their toxins. A serious challenge to the theory on which fever therapy is 
based comes from the demonstration that hyperpyrexia causes a reduc- 
tion in the titer of circulating antibodies in experimental animals^^ 

The limits of induced systemic fever are usually between 104 and 107 F 
(rectal), and the duration from 3 to 8 hours at a time. The total period 
of fever treatment varies with the type of the organism involved from a 
few hours to 50 or more. 

The diseases which respond favorably to artificial fever therapy are 
gonorrhea and its complications (which include arthritis, pelvic infections 


i^Observations on the Control of Respiratory Contagion in the Cradle, by I. Rosenstem {Aerobiology, 
American Associatton for the Advancement of Science, Symposium 17:242, 1942). 

>»The Effect of Propylene Glycol Vapor on the Incidence of Respiratory Infections in a Convalescent Home 
for Children, by T. N. Harris and J. Stokes, Jr. {American Journal of Medical Sciences 204:430, 1942). 

®^The Influences' of Artificial Fever on Mechanisms of Resistance, by H. V. Ellingson and P. F. Clark 
{Journal of Immunology, 43:65, 1942). 
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in women, and involvement of the eye), syphilis, chorea, infectious 
arthritis (non-gonorrheal), encephalitis, and some forms of asthma. 
There are other conditions which show promise under this treatment; 
but the most striking results are seen in gonorrhea and syphilis, since the 
causative organisms can be destroyed at temperatures compatible with 
human life^^ 

Equipment for Production of Fever 

Various means have been tried for producing artificial fever, including 
injections of various cr^^stalloid or colloid substances, bacterial products 
of typhoid and malarial organisms; a number of physical methods, such 
as hot baths, radiant heat, diathermy, radiothermy, and in the last few 
years, air conditioned chambers. The relative advantages and dis- 
advantages of various methods have been discussed in a paper^. The 
results by the use of air conditioned cabinets have not been fully explored, 
and it is therefore difficult to determine all the advantages and dis- 
advantages of the value of air conditioning at this time. 

In the earlier studies of the Society^^ temperatures were elevated more 
easily using saturated atmospheres. A fever therapy apparatuses using 
these same principles has proved efficient as a means of inducing and 
maintaining fever in a body with small likelihood of burns because of the 
comparatively low dry-bulb temperatures. This saturation factor is in 
great use today where fever is created by induction currents by placing 
the body in an electrical field. When the optimum body temperature 
has been reached by electrical induction, the atmosphere of the enclosure 
is kept at saturation to prevent heat loss, thus maintaining the patient^s 
temperature at the desired point. Other apparatus^® which uses electric 
heaters, centrifugal fans, and a water container for humidification has 
been used in the past, but the more recent trend is toward saturation with 
a lower dry-bulb temperature. 

When heat is necessary in treating legs or arms, such media as short 
or long wave diathermy, infra-red, water baths, etc. have been used 
extensively. A recent development, a saturated atmosphere heating unit, 
similar to one previously described^^ has proven satisfactory, because 
heat may be administered over longer periods which render deep heating 
possible without fear of burns or shocks^®. Local heating has been 
somewhat satisfactory in relieving the painful symptoms of peripheral 
vascular disease. 

The final criteria for the use of fever therapy may be changed because 


of the First Year of Fever Therapy Research by the Department of Industrial Hygiene, School of 
Medtcine, Umverstty of Pittsburgh, 1938. 

“Fev^ Means, by Frank H. Knisen and E. C. Elkins {Journal American Medical 

Association, 112:1689, 1939). 

"A.S.H.\^E.RESE^CTREPOOTNa«g4^me Physiological Reacti^^ of High Temperatures and 
Humidities, by W. J. McConnell and F. C. Houghten (A.S.H.V.E. Transactions, Vol. 29, 1923, p. 129). 

Report No. 1054--Feyp: Th^py Induced by Conditioned Air, by P. C- 
I^erdCTber and Carl Gutberiet (A.S.H.V.E. Transactions, Vol. 43, 1937, p. 131). 

Iljl—Fwer Therapy Locally Induced by Conditioned Air, by M. B. 
Ferderber, F. C. Houghten and Carl Gutberlet (A.S,H.V.Ev Transactions, Vol. 46, 1940, p. 307). 

, Therapy of Syphilis, by W. M. Simpson {Journal of the American Medical Association, 

lUo:«lo^, 19oo). 

»^Loc. at. Note 24. 

o Treatment of Injuries, by M. B. Ferderber {Industrial Medians, 

o:zoo, June, 1939). 
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of the introduction of certain drugs which appear prominent in the 
experimental treatment of some diseases for which fever therapy has 
been efficacious. Preliminary results would seem to indicate that the 
combination of fever therapy with chemotherapy (sulfonamide) may be 
the procedure of choice in the treatment of certain chemotherapy- 
resistant infections^®. 


COLD THERAPY 

In contrast to fever therapy the use of cold as a means of treatment is 
being investigated. From the available literature®® the chief virtues of 
cold therapy (cryotherapy) in cancer are the reduction of pain due to 
extensive growths and the possibility that the process may be arrested. 
For a localized lesion, ice water between 36 to 48 F is circulated through 
tubing at the site of the disease for periods ranging from 4 to 48 hr. A 
later development was the principle of hibernation during which time the 
patient is kept in an air conditioned space with an environmental tem- 
perature between 50 to 60 F for five days. The body temperature is 
reduced below the critical level of 95 F. Most of the vital processes of 
life are at very low ebb and this period simulates the hibernation of wild 
animals. Although the relief of pain is reported, this form of treatment 
is still in the experimental stage. 

It has been demonstrated that the cooling of limbs and other parts 
with ice-water or ice, cracked or pulverized, down to near the freezing 
point (5 C or 40 F) is harmless. Freezing must be avoided. There is a 
temporary retardation or suspension of life, with resumption of cellular 
activity as the temperature returns to normal. A human limb can 
remain bloodless and anesthetic below a tourniquet for at least 8 hr and 
perhaps up to 48 hr without injury, while the rest of the body remains 
warm. Where amputation is indicated it can thus be done without pain, 
loss of blood or strength and also without shock. There is no apparent 
interference with the subsequent healing of the stump. Refrigeration 
anesthesia is of importance not only in amputation but also in the control 
of hemorrhage, pain, infection and shock during the transportation of 
patients with traumatized limbs. A portable electric refrigerative ap- 
paratus is in use at the New York City Hospital®^ There is a growing 
feeling that cooling the body is of great importance in the treatment of 
shock. Extensive research is in progress to determine what degree of 
heat or cold is most efficacious in obviating or treating secondary shock®^. 

HIGH TEMPERATURE HAZARDS 

Diseases due to heat are now classified as heat exhaustion, heat cramps, 
and heat strokes®®. Heat exhaustion is due to circulatory failure; heat 


^^Temperature Factors in Cancer and Embryonal Cdl Growth, by L. W . Smith and Temple F ay (Journal 
of the American Medical Association^ 113:653, 1939). 

»»Combined Artificial Fever-Chemotherapy, by H. W. Kendell, D. L. Rose and W. M. Simpson (Journal 
of the American Medical Asso^aivm, 116:357, 1941). 

“Experiments on Pelvic and Abdominal Refrigeration with Special Reference to Traumatic and Military 
Surgery, by F. M. Allen (American Journal of Surgery ^ 55:451, 1942). 

“Cooling in Shock— Editorial (Journal of the American Medical Association, 121:432, 1943). 

“Heat Disease: riiniral and I-aboratory Studies, by M. W. Hdlman and E. S. Montgomery (Journal 
cf Industrial Disease and Toxicology, 18:651, 1936). 
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cramps to excessive loss of body chlorides and heat stroke to an inade- 
quacy of the heat dissipating mechanism which results in heat retention. 
If the hyperthermia becomes excessive, the liver and the central nervous 
system may be seriously injured and this damage may prove fatal. The 
hazards of high temperature are not understood. It is difficult to say 
whether short exposures at high temperatures are more harmful than 
longer exposures at lower temperatures. A new concept is evident from 
the observation of an increase in leucocytes (white cells) of the blood in 
workers subjected to high temperatures. These leucocytes are defensive 
factors which are increased when infection invades the body. A rise in 
temperature and leucocyte count indicates a mobilization of the body 
defenses. Since a recent study®'* showed that both temperature and cell 
count were increased, the question arises as to whether long exposures 
to very high temperatures might not cause exhaustion of these defense 
mechanisms. 


ALLERGIC DISORDERS 

Although there is some division of opinion over the ultimate cause 
of allergy, the prevailing belief is that it is due to an inherited or acquired 
hypersensitiveness to pollen or other foreign proteins in certain indivi- 
duals who react abnormally to the offending substance. The reaction 
may be induced by inhalation, eating, or absorption (through the skin) 
of the allergens. Some of the clinical manifestations are hay fever, 
asthma, eczema, and contact dermatitis. 

Symptoms of Hay Fever and Asthma 

The respiratory tract is the usual site of allergic manifestations, e,g, 
hay fever and asthma. In hay fever, the nose and eyes are red and itchy, 
and there is considerable discharge. Nasal obstruction is the most 
common and distressing symptom. The severity of the symptoms varies 
widely from day to day depending chiefly on the amount of pollen in 
the air. 

Seasonal asthma comes in attacks. The most popular theory concern- 
ing the mechanism of action is that the offending substance irritates the 
nerve endings in mucous membranes of the respiratory tract, causing 
spasmodic contraction of the small bronchioles of the lungs, which 
interferes with breathing, particularly with expiration. Non-seasonal 
aller^c disturbances are sometimes attributed to house or street dusts, 
fungi, odors, animal dander, irritating gases, and heat or cold, particu- 
larly sudden temperature changes. It is often stated in the literature 
that heat regulation in asthmatic individuals is likely unstable, with a 
tendency toward the subnormal. Many allergic cases who are apparently 
well, develop their attacks when cold weather appears, or upon changing 
from warm to cool outdoor air. 

Air Conditioning Apparatus 

In recent years considerable effort has been directed toward the elimi- 
nation of the principal cause of allergy from the air of enclosures by 


I^SEAJRCH Report Na llOfr— Air Conditioning in Industry, by W, L. Fldsher, A. E 
Stacey, Jr., F, C. Houghten and M. B. Ferderber (A.S.H.V.E. Transactions, Vol. 45, 1939, p, 59). 
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filtration or other air conditioning processes capable of removing pollens, 
in the hope of providing relief to individuals who fail to respond to medical 
treatment (desensitization or immunization). 

Paper or cloth filters, mounted in inexpensive window or floor units, 
prove quite satisfactory, but since dust and smoke frequently cause 
asthmatic attacks, it is necessary that an air filter, to be of full value in 
the treatment of asthma, must remove all dusts and pollens regardless 
of size or amount. An electrostatic cleaner has proved extremely efficient 
in removing particles of 15 to 20 microns and smaller, besides dusts and 
smoke^®. 

Although the chief remedial factor in the treatment by conditioned air 
is the filtration of pollen, a certain amount of cooling and dehumidification 
appears to be desirable. A comfortable temperature between 70 and 75 F 
and a relative humidity well below 50 per cent proved satisfactory^®. 
Direct drafts, overcooling or overheating are apt to initiate or aggravate 
the symptoms. 

Limitations of Air Conditioning Methods 

The results obtained with air filtration or other air conditioning pro- 
cesses in the control of allergic conditions are fairly comparable to those 
obtained by desensitization treatment so long as the patients remain in 
the pollen free atmosphere. But while specific desensitization is preven- 
tive and in a few instances curative, for all practical purposes filtration 
gives only temporary relief. In mild cases sleeping in an air conditioned 
space may make it possible for the individual to pass more comfortable 
days. With rare exceptions, the symptoms recur on exposure to pollen 
laden air. Moreover the usefulness of air conditioning methods is limited 
because all cases are not caused by air-borne substances. Cases of 
bacterial asthma do not respond to the treatment with filtered air. 

Despite these limitations air conditioning methods possess definite 
advantages in the simplicity of treatment, convenience, and under certain 
conditions almost immediate relieP^ Pollen cases are usually relieved of 
most of their symptoms within 1 to 3 hr after exposure to properly filtered 
air. A pollen-free atmosphere is especially valuable in cases where 
desensitization has given little or no relief, and where desensitization is not 
advisable owing to intercurrent illness. 

OXYGEN THERAPY 

Oxygen therapy is the principal measure employed for preventing and 
relieving the distressing symptoms of anoxemia, which is a deficiency in 
the oxygen content of die blood. Some of the more important conditions 
in which oxygen treatment is believed to be beneficial are pneumonias, 


“Air Cleaning as an Aid in the Treatment of Hay Fever and Bronchial Asthma, by Leo H. Criep and 
M. A. Green {journal of AUergy, 7:120, 1936). 

“The Effect of Low Relative Humidity and Constant Temperature on Pollen Asthma, by B. Z. Rappa- 
port, T. Nelson and W. H. Welker {Journal of Allergy, 6:111, 1935). 

*mospital Air Conditioning, by C. P. Yaglou (The Environment and Its Effect upon Man, Barvori 
School of Public Health, p. 244, 1939). 
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anemia, heart affections, post-operative pulmonary disturbances, certain 
mental disturbances, asphyxia, asthma and atelectasis in new-born 
infants. The effectiveness of oxygen therapy is not related to the type of 
administrative device except as the oxygen concentration is affected; 
that is, oxygen at 50 per cent concentration is equally effective whether 
given by any of the three common methods, catheter, face mask or tent^^. 

The necessity of air conditioning in oxygen therapy arises from the 
fact that oxygen is too expensive a gas to waste in the ventilation of 
oxygen tents and oxygen chambers. The oxygen rich atmosphere in these 
enclosures is therefore reconditioned in a closed circuit by removal of 
excess heat, moisture, and carbon dioxide given off from the occupants 
being treated. 

Oxygen Tents 

In oxygen tents the air enriched with oxygen is usually circulated by 
means of a small motor blower which sends the air over soda lime to 
remove carbon dioxide and then over ice to remove excess heat and 
moisture. The concentration of oxygen in the tent is regulated by means 
of a pressure reducing valve and flow meter. In an inadequately cooled 
tent, high temperatures and humidities are inevitable, increasing the 
discomfort of the patient and imposing an added strain on an already 
overburdened heart. Oxygen therapy under such conditions may do 
more harm than good. An ice melting rate of approximately 10 lb per 
hour gives satisfactory results in patients with fever in a medium size 
oxygen tent. 

Oxygen tents are confining to the patient. They may terrify the rest- 
less and delirious patient. Medical and nursing care is complicated, as 
the tent must be opened or removed with attendant loss of oxygen. 
Oxygen concentrations of 50 per cent or more are difficult to maintain, 
and it is a problem to keep the temperature and humidity low enough in 
hot weather. However, with attention to details, the patient can be 
made quite comfortable. 

Oxygen Chambers 

The conventional oxygen chamber is an air-tight sheet metal enclosure 
of fire-proof construction, large enough to accommodate one or two 
patients. Trap doors or curtains are provided for the personnel, food 
and service, to avoid loss of oxygen. Glass windows in the ceiling and 
walls admit light from outside the chamber. The air conditioning system 
may be of the gravity type, or of the fan type using mechanical refrig- 
eration or air drying agents. 

The temperature and humidity requirement in oxygen therapy depends 
primarily upon the physical condition of the patient, and secondarily 
upon the type of disease. In pneumonias®* prescribed conditions should 
be an effective temperature of 66 to 68 F, humidity of 50 per cent, air 


“Manual of Oxygen Therapy Techniques, by A. H. Andrews, Jr. (The Year Book Publishers, Inc., 
t3). 

*»The Management of Pneumonia, by J. G. M. Bullowa, {Oxford XJniversUy Press t p. 260, 1937). 
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movement of not less than 50 linear feet per minute, oxygen concentra- 
tion of 50 per cent, and carbon dioxide of less than one per cent. 

Oxygen in Aviation 

An important application of the principle of oxygen therapy is in 
aviation. At the present time all high altitude military airplanes in this 
country are provided with gaseous oxygen equipment and military 
personnel are required to utilize oxygen at all times while in flight above 
15,000 ft, or between 12,000 to 15,000 ft for longer than two hours, or 
between 10,000 to 12,000 ft for longer than six hours. The use of oxygen 
in commercial aviation will depend on the height and duration of the 
flights as well as the state of health of the passengers. The necessity for 
portable, comfortable equipment, the possible fire hazards due to smoking, 
and the use of oxygen on sleeper planes are some of the difficulties facing 
civil airline operators. The pressure cabin airplane, capable of flights at 
15,000 to 20,000 ft may be one of the solutions of the problem^. 


GENERAL HOSPITAL AIR CONDITIONING 

Complete conditioning of a large hospital involves a capital investment 
and running expenses which may not be justified. Air conditioning has 
important applications in certain hospital wards such as nurseries for 
premature infants, oxygen therapy chambers, heat therapy rooms or 
cabinets, allergy '^ards^, operating rooms and recovery wards. In 
clean and quiet districts, the requirements of almost all general and 
private wards during the cool season of the year can be satisfactorily 
fulfilled by the use of usual heating in conjunction with window air 
supply and gravity or mechanical exhaust. Insulation against heat and 
sound is much more important than humidification in winter; it will also* 
help in keeping the building cool in warm weather. Excessive outside 
noise and dust may require the use of silencers and air filters in the 
window openings. 

Cooling and dehumidification in warm weather are important. In new 
hospitals particularly, the desirability of cooling certain sections of the 
building should be given serious consideration. Financial reasons may 
preclude the cooling of the entire building, but the needs of the average 
hospital can be met by the use of built-in room coolers and a few portable 
units which can be wheeled from ward to ward when needed. 

In the North and certain sections of the Pacific Coast, cooling is needed 
but a few days during summer, while in the South, it can be used to 
advantage from May to October, and in tropical climates almost con- 
tinuously throughout the year. 

Aside from comfort and recuperative power of the patients, cooling Js 
of great assistance in the treatment of fevers in the new-born and in 


^•Principles and Practice of Aviation Medicine, by H. G. Armstrong (Tbe Williams and Wilkins Com— 
I)any, 1939). 

"Loc.Cit. Note 37. 
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post-operative cases, in enteric disorders, fevers, heat stroke, heart 
failure, and in a variety of other ailments which often accompany summer 
heat waves. 

Considerable research is in progress on the influence of air conditioning 
upon a wide variety of diseases such as pneumonia, upper respiratory 
diseases, tuberculosis, arthritis, nervous instability, hyper-thyroidism, 
essential hypertension, skin diseases, and vascular disorders. 




CHAPTHl 38 



Railway Passenger Car Ventilation, Method of Air Distri- 
bution, Air deeming. Winter and Summer Air Conditioning, 
Humidity and Temperature Control, Summer Air Con- 
ditioning for Buses and Automobiles 


T he principles of air conditioning used in connection with stationary 
applications such as stores, restaurants, hospitals, theaters, and 
homes are in general applicable to such mobile applications as railway 
passenger cars, passenger buses, automobiles, and ships. However, the 
equipment used for these mobile applications, with the possible exception 
of those on board ship, differs from that used for stationary purposes in 
that it must meet additional requirements. Especially important are the 
features of compactness with the retention of ready accessibility for quick 
inspection and servicing, and low weight. Freedom from vibration which 
could be transmitted to the supporting vehicle and thus to the passengers 
is essential. 


RAILWAY PASSENGER CAR VENTILATION 

In non-air-conditioned cars, ventilation is accomplished by exhaust fans, 
roof ventilators, and open doors and windows. This practice provides an 
ample supply of outside air but does not prevent the entrance of smoke, 
cinders, and dirt. 

An average passenger car contains approximately 5000 cu ft of air and 
may seat as many as 80 passengers. The occupants are continua.lly 
liberating heat, carbon dioxide, moisture, odors, and some organic matter 
from their breath, skin and clothing. The heat and moisture can be 
removed by cooling and dehumidification, but the other constituents can 
be successfully handled only by proper ventilation and air cleansing. In 
the average car from 2000 to 2500 cfm should be circulated by the air 
conditioning unit. Some of this air may be recirculated, but a portion of 
it should always be brought in from the outside. The amount of outside 
air required depends upon the type of car, number of passengers, air 
temperature, humidity, odors, and whether or not occupants are smolang, 
and will vary from 15 to 90 per cent of the total air circulated. 

Careful attention must be exercised in specifying the rate of outside air 
taken in so as to fit the type of service adequately and yet not to supply 
more ventilation than is necessary. Conditioning this outside air is a 
major factor in determining the size of both summer and winter con- 
ditioning equipment. With present average ventilation requirements, 
about 30 per cent of the cooling equipment and sometimes as high as 50 
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per cent of the heating equipment is necessary to handle only the outside 
air load- 

For normal conditions, 10 cfm of outside air per passenger is sufficient. 
When smoking is permitted, at least 15 cfm should be admitted. In 
some of the dining cars and deluxe sleeping cars, outside air rates as high 
as 20 and 30 cfm per occupant are used. 

Method of Air Distribution 

The fact that the amount of space devoted to railway passengers may 
be as low as 60 cu ft per person (ranging as high as 190 cu ft per person), 
coupled with the high air flow rates made necessary by severe ventilation 
and sun loads, make the problems of air distribution and air delivery in 
railway cars critical ones. 

Various methods may be used to distribute the air delivered to the 
interior of the car by the circulating fan or blower. The methods com- 
monly used are: 

1. A duct lengthwise along the center of the car. 

2. One or two side ducts built on the outside of monitor-roofed cars, or on the inside 
of turtle-backed or arched-roofed cars. 

3. Free discharge at the end bulkheads, or by free discharge from a unit placed 
overhead in the center of the car, discharging toward the ends. This bulldbead delivery 
system, while inexpensive, is apt to cause complaints due to drafts, and, accordingly, is 
not being favored. 

Delivery grilles and plaques are used, and are often designed to give 
considerable entrainment and mixing to avoid cool drafts. 

Smoking rooms present a special problem. The cloud of smoke that 
usually hangs near the ceiling can be broken up by having the incoming 
air directed along the ceiling in all directions at a velocity somewhat 
higher than that used for the rest of the car. The air should be exhausted 
from the room by a fan or through a grille to the washroom or lavatory, 
and then outside by a fan in a ventilator. 

^ For compartments an adjustable supply duct outlet grille of suitable 
size and design should be provided and provisions made in the door or 
partition for the removal of the air to be recirculated. 

Lower berths in sleeping cars and office cars should be provided with an 
adjustable air outlet which will discharge the amount of air desired at low 
velocity in any direction so that the occupant can regulate the ventilation 
to meet his own requirements. 

In cars containing but one or two rooms or compartments, satisfactory 
r^ults may be obtained by discharging the air directly from the con- 
ditioning unit into the upper part of Ae car. Care must be taken to have 
a proper discharge velocity. If the velocity is too low, the air will drop 
before reaching the end of the car and if too high it will discharge against 
the end bulkhead and be reflected back. Care must be exercised to secure 
proper circulation, otherwise objectionable drafts will be experienced. 

The recirculating air grilles are usually of the straight flow type, and 
should be located so that objectionable drafts will not be created by the 
return air. The outside air intakes, located in the car vestibule, on the 
side of the car, or on the roof of the car, depending upon the location of 
the cooling coils, should be of ample size to permit the entrance of suf- 
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ficient outside air. On many of the recently air-conditioned cars, there 
are no dampers or shutters at the outside air intakes, the percentage of 
outside air being controlled by blocking the flow through the recircu- 
lating grille. 

Air Cleaning 

All of the air circulated by the blower is filtered before passing over the 
cooling coils. In some cars the outside and recirculated air is filtered 
separately before mixing, while on others the air from the two sources is 
mixed before passing through a common filter. Filters in use are made of 
metal, wool, cloth, spun glass, hemp, paper, hair, and wire screen. Most 
filters have a viscous coating of oil for greater cleaning efficiency. Some 
types may be cleaned, retreated, and returned to service while other 
types are discarded when dirty. 

RAILWAY PASSENGER CAR WINTER AIR CONDITIONING 

The majority of cars in service use steam from the locomotive or from a 
head-end, oil-fired boiler as a source of energy for winter heating. In 
some instances electrical energy from either a head-end generating set 
or motive power supply is utilized for resistance heating. In still other 
cases electrical energy and waste heat from individual car engine-generator 
sets are employed. The peak heating loads which depend largely upon 
the amount of insulation used in the car, the type of windows (whether 
single or double glazed), and the ventilation rate, may vary from 150,000 
to 250,000 Btu per hour. 

In order to temper the cold outside air, about 30 to 60 per cent of the 
total heat energy required is distributed by means of finned coils or 
resistance heaters located in the outside air duct. The remainder is 
usually transmitted to the car air by finned tubing located along the sides 
of the car near the floor, thus preventing cold convection currents falling 
from the car windows from reaching the feet of the passengers. 

RAILWAY PASSENGER CAR SUMMER AIR CONDITIONING 

Three general types of cooling or refrigerating equipment are being 
used in 13,597 (January 1, 1943) air conditioned railway cars in the United 
States. Of these, 30 per cent are ice activated, 15 per cent use steam jet 
systems, and 50 per cent employ mechanical compression schemes. These 
systems which functionally are identical with those used for stationary 
applications (see Chapter 25) are modified in desi^ to meet the require- 
ments of mobile service. Contrasted with stationary applications of 
summer conditioning equipment, the use of water as a final means of heat 
disposal from condensers cannot be resorted to because water in such 
quantities cannot be transported economically. Accordingly, air cooled 
or evaporative condensers are always used, with the result Aat mobile 
cooling equipments operate at higher temperature, pressure, and power 
requirement levels than stationary equipment. 

The maximum cooling and dehumidifying load which deprads largely 
upon the amount of insulation, the type of windows,, the ventilation rate, 
the sun intensity, and the number of passengers may vary from 60,000 
to 96,000 Btu per hour. 
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An average ice-activated system for such capacities uses about 500 
lb of ice and 1.2 kw per hour. The increase in car weight due to such a 
system is approximately 8500 lb. 

The same service from a steam jet system is obtained with the expendi- 
ture of 230 lb of steam and 3.3 kw per hour, with an added weight per 
car of 11,000 lb. 

The mechanical compression systems, all of which use dichlorodifluoro- 
methane as a refrigerant, may be classified by several types depending on 
the method of driving the compressor. The source of power for driving 
the compressor (approximately 10 hp) is complicated by the necessity of 
obtaining this power at all times whether the car is in motion or standing 
still on the right-of-way or in a terminal where auxiliary power plug-ins 
are available. In those cases where compressors are driven from car axles, 
additional refinements in the drive are necessary in order that a nearly 
constant cooling capacity may be obtained from a variable speed power 
source. Numerous combinations of electrical generating schemes for 
generating sufficient electrical energy from the car axle for lighting, 
ventilation, and summer air conditioning are in use, and their operation 
is closely interlocked with compressor demands, need for pre-cooling, 
battery charging, etc. It is difficult therefore to state the additional 
weight imposed on a car because of such a compression air conditioning 
system, but it is probably in the vicinity of 6000 lb. These systems, 
depending mostly upon the locomotive for supplying power for operation, 
impose a load which may amount to 10 per cent of the capacity of the 
locomotive. 

Several schemes for relieving the locomotive of this compression load 
are used. Some of the articulated trains, which run as unit equipment — 
the same cars always in the same train — employ a head-end, engine- 
generator combination for supplying power to compressor motors. In 
other cases engine-alternators on individual cars are used to supply 
alternating current power to compressor motors, as well as to supply all 
power for car lighting and auxiliaries. Engine-compressor combinations 
on individual cars provide attractive low weight equipment where con- 
tinuous engine operation is permissible under all circumstances. Diesel 
endues and propane engines are used for these purposes, and such engine- 
driven units have the additional advantage of being able to use waste 
engine heat either for modulating refrigeration with a reheat cycle or 
for car heating purposes. 

RAILWAY PASSENGER CAR HUMmiTY AND TEMPERATURE 

CONTROL 

The temperature to be mmntained in a car depends upon the outside 
temperature and the humidity desired inside the car. With a low hu- 
midity it is necessary to maintain a higher temperature to establish a 
desirable comfort condition. Little humidity control has been attempted 
on cars up to the present time. A certain degree of automatic humidity 
control is secured with cooling, but the relative humidity obtained depends 
largely upon the temperature of the evaporator, which should be below 
the dew-point temperature of the air. With certain outside atmospheric 
conditions it may not be possible to operate the conventional equipment 
with a sufficiently low evaporator temperature to reduce the humidity 
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without dropping the temperature too low. One method has been 
developed whereby the evaporator temperature is carried below the dew- 
point a sufficient amount to insure dehumidification and then the cold air 
is heated to the proper temperature by passing it over coils through which 
part of the high temperature liquid from the condenser is by-passed. Such 
a system is costly and has not been generally applied. The reheat cycle 
obtainable from waste engine heat may be used to good advantage in 
reducing the humidity without reducing the dry-bulb temperature. 

During the heating season humidification is desirable from a comfort 
standpoint, but unless properly controlled, condensation will appear on 
the windows. A steam or water spray controlled by a humidistat will 
provide the necessary moisture for humidification. There are several 
cars with this feature now in use. 

Temperature control for the most part obtained by rugged thermostats 
and relays capable of withstanding vibrations attendant with mobile 
service is usual equipment. 

Manual zone control for varying outdoor conditions, as well as controls 
which regulate the car temperature automatically in accordance with 
outdoor conditions, are employed. 

Simplified controls from the standpoint of operation by train crews and 
especially from the servicing viewpoint are very desirable. The control 
of summer temperatures is accomplished mainly by cycling the complete 
cooling system; however, modulation is being effected by using multiple 
evaporators in which a fixed portion may be cut out of the system. In 
the engine-driven equipments, modulation is obtained by changing 
engine speed. 

For further information on controls, see Chapter 34. 

PASSENGER BUS SUMMER AIR CONDITIONING AND VENTILATION 

The highways in the United States are now traveled by about 1000 
summer air-conditioned passenger buses. Many of the facts stressed in 
connection with the design and installation of summer conditioning 
equipment in railway cars are even more important in these newer 
vehicles. Weight and space limitations are more stringent, and the 
problem of circulating from 900 to 1200 cfm of air in coaches carrying 
from 25 to 40 passengers with about 35 cu ft of space per passenger 
without drafts is no easy one. 

Some bulkhead delivery systems have been used, and while the over- 
head package racks have served to break up drafts to some extent, these 
installations are not gaining in popularity. Longitudinal ducts in the 
corners above the package racks are sometimes us^ to carry conditioned 
air to a series of outlet louvers along the top of the windows. Other 
designs provide for false spaces below the padcage racks which serve as 
ducts to distribute air to either entrainment grilles in the bottom of the 
racks or distributing slots at the edges of the package racks. Some 
coaches employ a false ceiling to provide a duct, with delivery taking 
place from numerous perforations in the ceiling. 

- Return air grilles and filters are usually located near the rear ceiling 
where the evaporator is placed. Outside air intakes and filters are located 

701 



HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


preferably near the front of the vehicle so as not to contaminate this 
supply with exhaust fumes and road dust. Of the 30 cfm circulated per 
person, about 8 to 10 cfm are outside air and the remainder is recirculated. 
Power for the motor driving the centrifugal fans is obtained from the 
bus battery. 

More recently a coach design has been brought out which provides 
for a number of return air outlets below the seats; these permit 
return air to enter a longitudinal duct below the floor. The filters and 
evaporator are located in this duct near the front of the vehicle. In this 
instance a central heating coil utilizing waste heat from the coach engine 
is also located in this duct. Conditioned air is delivered through a pair of 
vertical ducts to a package rack distribution scheme. 

Summer conditioning systems for these vehicles range in cooling 
capacity from 36,000 to 48,000 Btu per hour. Mechanical compression 
systems using dichlorodifluoromethane are used, and are powered by 
water cooled, gasoline engines of approximately 14 hp. 

Complete systems add from 800 to 1300 lb to the weight of a coach. 
Sometimes an auxiliary generator driven by the air conditioning engine 
is used which serves to help charge the bus battery and thus offsets the 
power drain imposed by the ventilating blower. Belted reciprocating 
compressors and direct driven V-type and rotary compressors are used, 
with engine speeds up to about 1800 rpm. Air cooled condensers for this 
service require about 5000 cfm of outdoor air, and this is provided by 
either centrifugal or propeller type fans belted or direct driven by the air 
conditioning engine. Preventing noise and vibration from affecting 
passengers is of vital importance. Installations must be made so that 
quick daily servicing of the engine is possible. In all cases fuel is obtained 
froni the main bus tanks, and in some cases the main engine jacket water 
cooling system is used to cool the air conditioning engine. 

^ In the more deluxe equipment after the driver has started the air con- 
ditioning engine by means of its own cranking motor, the engine speed is 
modulated automatically as the refrigeration demand is partially met, and 
if this demand is then fully met, the engine is stopped thermostatically. 
Restarting when the cooling thermostat is no longer satisfied is accom- 
plished either automatically or manually. The various protective and 
automatic devices on the refrigerant and engine systems make some of 
the bus air conditioning control systems quite complicated. 

AUTOMOBILE SUMMER AIR CONDITIONING 

Recently summer air conditioning has been applied to automobiles. 
The average present day automobile with little insulation, large, single 
glazed window areas, and high infiltration and exfiltration losses requires 
about 16,000 Btu per hour of cooling capacity. One system utilizes a 
redpre^ting compressor belted from the main engine fan shaft thus 
operating at var 3 dng speeds up to 3000 rpm. The resulting refrigeration 
capacity varies from about 6000 Btu per hour at idling speed to 24,000 
Btu per hour at maximum car speed. 

^ A dry air condenser is placed in front of the engine radiator, and the 
liquid and suction refrigerant lines run back under the car floor to the 
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evaporator which is located in back of the rear seat. Conditioned air is 
delivered into the car just above the shelf near the back of the rear seat. 
A return grille is provided under the rear seat, and the recirculated air is 
filtered. Outdoor air is provided by infiltration. Power for the air 
circulating blowers is obtained from the car storage battery. Equipment 
of this nature increases the car weight approximately 200 lb. 
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^^nditstrLCii C^ondlh 


tontng. 


Atmospheric Conditions Required, General Requirements, 
Classification of Problems, Control of Regain, Moisture Con- 
tent and Regain, Conditioning and Drying, Control of Rate 
of Chemical Reaction, Control of Rate of Biochemical Re- 
actions, Control Rate of Crystallization, Elimination of Static 
Electricity 


A COMPLETE knowledge of the problems involved is necessary 
before a satisfactory solution can be made of industrial air con- 
ditioning problems. Individual processes and machines are changing 
rapidly and air conditions must be constantly revised to meet the new 
conditions. 


ATMOSPHERIC CONDITIONS REQUIRED 

The most desirable relative humidity for processing depends upon the 
product and the nature of the process. As far as the behavior of the 
material and its desired final condition are concerned, each material and 
process presents a different problem. The desirable relative humidity 
may range from a low of 5 per cent, as in certain industrial applications, 
such as insulation winding processes, up to a condition approaching 
saturation, as in processes relating to textiles, tobacco and baking 
industries. 

Similarly, the most favorable temperature will vary according to the 
specific material and particular process. Frequently a compromise 
between the known optimum condition for processing and that required 
for reasonable worker comfort is desirable. This is particularly true where 
unconfined processes are required in departments where people are 
working and their health, comfort and productive efficiency must be 
considered. 

It is generally recognized that relative humidities of 60 per cent or 
less are on the dry side. Such conditions are conducive to low regains 
in hygroscopic materials, drying out, increased brittleness of fibrous 
materials, prevalence of increased static electricity and tendencies toward 
increased dust liberation from the product. Relative humidities higher 
than 50 per cent are considered to be on the damp side. These con- 
ditions are conducive to high regain, promote softness and pliability in 
materials, decrease static electricity and tendencies toward reduced 
generation of product dust which represents a loss in weight of the 
material in process. 
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Table 1. Temperatures and Humidities Applicable to 'Industrial Air 

Conditioning 


Inbustet 

Pbogebs 

Tkmpz;ea.tubs 

Degress 

Fahrenheit 

Relatitb 
Hhmiditt 
Per Cent 

Automobile 

AssernMy line r- 

65 to 80 

40 to 55 

Precision parts — honing — machining. 

75 to 80 

40 to 55 


Cake icing. . 

70 

50 


Cake mixing , - - - 

75 

65 


Dough fermentation room ___ 

80 

76 to 80 


Cof^f cooling..™ ... 

70 

60 to 70 

Baking.- 

Make-up room 

75 to 80 

55 to 70 


75 to 80 

80 

65 to 70 
55 


Paraffin paper wrapping . . . 


Proof hoves _ , _ 

80 to 90 

80 to 95 


Storage of flour 

70 to 80 

60 


Storage of yeast. 

28 to 40 

60 to 75 

Biological 
Products. 


below 32 



38 to 42 


Blood bank 

38 to 42 

60 to 65 

BRKXiTT'Nfl 


44 to 50 

60 

50 

30 to 45 



CE1l\MTr _ _ 

Drying of auger machine brick 

Drying of refractory shapes 

180 to 200 
110 to 150 
80 

50 to 60 
60 

MolHing room ___ 



Storage of clay. — ~ 

60 to 80 

35 to 65 

Chemical. 



35 to 50 


Chewing gum rolling. 

75 

50 


Ch exring gum xurapping _ _ 

70 

45 


Chorolate oovering - 

62 to 65 

60 to 55 

Confectionery.. 

Hard cJ’ndy making 

70 to 80 

30 to 50 

Packing 

65 

50 


Starrh room .. _ 

75 to 85 

50 


Storage .. . 

60 to 68 

50 to 66 

Distillery 

General maniifart.iire 



Storage of grains 




Deliquescent powder 

75 

35 


Effervescent granulations . 

80 

40 

Drug 

Liver extracts (powdered) 

70 

20 to 30 

Storage of powders and tablets. 

70 to 80 

30 to 35 


Tablet compressing ___ , 

70 to 80 

40 


Packaging.— _.T. 

80 

40 


Insulation xrioding. 

104 

5 

C't tJ'0*Tl>T/'AT 

Manufacture of cotton covered wire 

60 to 80 

60 to 70 


Manufacture of electrical windings. 

Storage of electrical goods 

60 to 80 

60 to 80 

35 to 60 
35 to 50 


Butter making 

60 



Dairy chill room. , _ 

40 

60 


Preparation of cereala , . , 

60 to 70 

38 


Preparation of macaroni . 

70 to 80 

38 


Ripening of meats .. 

40 

80 

Food 

Slicing of bacon __ 

60 

46 

75 to 85 


Storage of apples. 

31 to 34 


Storage of citinis fruit _ 

32 

80 


Storage of eggs in shell 

30 

80 

50 


Storage of meats 

0 to 10 


Storage of sugar.- . - 

80 

35 

PlTP 

Dr 3 dng of furs- . - 

110 



Storage of furs - 

28 to 40 

25 to 40 

Incubators— „ 

Chicken 

99 to 102 

55 to 75 
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Table 1. Temperatures and Humidities Applicable to Industrial Air 


Conditioning — (Concluded ) 


Indtjbtbt 

Pbooess 

Tsupx^tttbx 

DaoEBss 

Fahbxnhbit 

Laboratory 



Leather. 

Dr3nng of hides ^ 

90 

95 to 100 

Mulling 

Library.. .. 

Book storage (seediscussion in thischapter) 


Linoleum. 

Printing 

80 

Matches 

Manufacturing. 

72 to 74 

Storage of matches 

60 

Munitions 

Fuse loading. 

70 

Patmt 

Air dryingr larquers 

70 to 90 
180 to 300 
60 to 90 

Baking lacq”<^t^ 


Air dr^ng of oil paints 

Paper. 

Binding, cutting, drying, folding, gluing.. 
Storage of paper.. . . 

60 to 80 

75 to 80 
60 to 80 


Testing Laboratory 

Photographic.... 

Development of film, 

Drying 

70 to 75 

75 to 80 

70 

Printing. 


Cutting.. 

72 

Printing 

Binding 

70 

77 

75 

75 to 80 
70 to 90 

Folding 

Pressroom (general) 


Press room (lithographir) . 

Storage of rollers 



Manufacturing. 

90 

Rubber 

Dipping of surgical rubber articles. 

Standard laboratory testa . 

Cementing 

75 to 80 
80 to 84 
80 



Soap „ 

Drying... . . 

110 


Cotton — rarding. 

75 to 80 
75 to 80 
75 to 80 
60 to 80 
68 to 75 

combing 

roving _ _ _ _ 

spinning 

weaving.... 

Textile 

Payon — spinning 

70 

70 

throwing 

weaving 

75 to 88 
75 to 80 
75 to 80 
75 to 80 
75 to 80 
75 to 80 
75 to 80 
75 to 80 
70 

Silk — dressing __ 

spinning 

throwing 

weaving _ 

Wool — rarding 

• spinning _ 

weaving. 

Testing Laboratory 

ToPArrn _ 

Cigar and cigarette making .. 

70 to 75 
on 

75 to 85 

Softening 


Stemming or stripping 


RBLATiya 
Httueditt 
P sE Cunt 


60 to 70 
35 to 50 


95 

38 to 50 
40 
50 


55 


25 to 50 
25 to 50 


40 to 60 
40 to 60 
55 to 65 


60 

50 

70 

65 


45 

65 

60 to 78 
50 to 60 
50 to 55 


25 

to 

30 

42 

to 

48 

25 

to 

30 

70 

50 

to 

55 

60 

to 

65 

50 

to 

60 

50 

to 

70 


85 



85 



60 


60 

to 

75 

60 

to 

65 

65 

to 

70 

65 

to 

70 

60 

to 

70 

65 

to 

70 

55 

to 

60 

50 

to 

55 


65 



55 to 75 
85 
70 
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In many processes, the optimum desired air conditions are a variable 
according to the stage and progress of the processing cycle, from the raw 
material to the finished product. Some materials, such as cotton textiles, 
begin with a low relative humidity in the carding and picking rooms, and 
after passing through the various intermediate steps with a gradual 
increase of relative humidity, the product is subjected to relative humidi- 
ties of from 75 to 85 per cent in the final stage of weaving. Other pro- 
cesses are encountered that require the reverse of this procedure, starting 
with a high relative humidity and finishing with a low relative humidity, 
as is the case with gelatine capsule making, glue and gelatinous materials. 

In some cases the temperatures listed in Table 1 have no direct influence 
upon the product itself, except as it affects the efficiency of the employees 
and thus the quality of workmanship, uniformity and the cost of pro- 
duction. In this category may be included the automobile assembly line. 
The time necessary to assemble the many parts into a complete unit is a 
factor recognized and associated with the worker's comfort, and the 
avoidance of fatigue with subsequent loss of efficiency. 

Air conditioning contributes an important role during the processing, 
machining and honing of precision metal parts, instruments, tools, engines, 
guns, etc., which demand micrometric accuracy of dimensions, and which 
are affected by small temperature variations. Hence, some uniform con- 
dition is usually selected, both as to temperature and humidity to serve 
the demands of the worker’s comfort and the exacting requirements of 
the process. 

The temperatures and relative humidities listed in Table 1 should be 
analyzed with consideration in relation to the qualified requirements of 
the process. Conditions generally acceptable for industrial processing 
and for general storage are listed in these tables. While it is true that 
many stor^e requirements demand the control of some fixed air tem- 
perature and relative humidity condition, to hold and preserve the con- 
tents, it is not generally referred to as processing, 

^ Logic^Iy many phas^ of drying may be included in the category of 
air conditioning for industrial processing, especially where temperature 
and humidity, by direct influence to product, bring about some definite 
change in physical characteristics as well as in weight. (See also Chapter 
41.) As an illustration, refer to the conditions that are required to 
control the rate of crystallization in coating pans in which sugar syrup 
is applied to various forms of pills, nuts, gum, etc., in consecutive liquid 
doses, until a crystallized coating or jacket is built up to the required size 
and thickness. Here, the primary problem is one of drying which requires 
the supply of air at some fixed volume and velocity along with regulated 
control of both dry- and wet-bulb temperatures. The wet-bulb depression 
determines the rate of moisture pick-up or drying by the air and may be 
termed the drying head,^ Of equal importance is the uniformity at which 
the wet-bulb is maintained. If this is allowed to vary, poor results will 
follow due to checking and cracking of the unfinished coating. This is 
obvious when it is realized that continuous evaporation of moisture is 
taking place during the process and also that the temperature of the 
material corresponds to the air wet-bulb temperature and will vary 
accordingly. With undue expansion and contraction, with every tem- 
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perature change, the thin crystallized coatings which are not elastic will 
check and crack before the process is completed. 

GENERAL REQUIREMENTS 

Air conditioning apparatus for industrial purposes must be capable of 
absorbing heat from various sources such as machinery power, electric 
lights, people, sunlight and chemical reactions; of warming or cooling to 
any desired temperature; and of providing ample air supply. Refrigera- 
tion may or may not be required, depending upon natural conditions, the 
required relative humidity and the maximum permissible temperature. 
Washing, purifying and treating the air may be desirable. Good distri- 
bution is essential for the control of air motion and for the prevention of 
uneven conditions. Accurate, sensitive and reliable automatic control 
of humidity or temperature is vital in most cases. 

Outside weather conditions and the ventilation required for workers 
are of secondary importance in relation to the total work to be done by 
the air conditioning system. In extreme cases of high concentration of 
industrial heat from machinery and ovens the error of entirely omitting 
the heat gain through the building structure would not be serious. At 
the other extreme, where low temperatures must be produced with re- 
frigeration and where comparatively little power is required by the 
machinery, the heat gain through the building structure will become the 
major factor in determining the size of equipment and in this case the 
ventilation requirement assumes importance. 

Buildings which are to be air conditioned should therefore be designed 
with careful consideration- of overall cost and efficiency. Condensation 
resulting from high humidities must be prevented by suitable materials 
and construction, or else collected and drained to prevent loss of product 
or quick deterioration of the structure. Air leakage or filtration may add 
greatly to operating costs or make the maintenance of low humidities 
(relative or absolute) wholly impossible. Low temperatures require good 
insulation. 

It is apparent that the subject of air conditioning for industrial processes 
is extensive and greatly involved, and that a detailed treatment is there- 
fore beyond the scope of this chapter. 

CLASSIFICATION OF PROBLEMS 

Any industrial air conditioning problem may be listed under one or 
more of the following five classifications: (1) control of regain, (2) control 
of rate of chemical reactions, (3) control of rate of biochemical reactions, 
(4) control of rate of crystallization, and (5) elimination of static electricity. 

Control of Regain 

In the manufacture or processing of hygroscopic materials such as 
textiles, paper, wood, leather, tobacco and foodstuffs, the temperature 
and relative humidity of the air have a marked influence upon the rate of 
production and upon the weight, strength, appearance and general 
quality of the product. This influence is due to the fact that the moisture 
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Table 2. Regain of Hygroscopic Materials 

Moisture Content Expressed in Per Cent of Dry Weight of the Substance at 
Various Relative Humidities — Temperature^ 75 F 


M4T»RI« 
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content of materials having a vegetable or animal origin, and to a lesser 
extent minerals in certain forms, comes to equilibrium with the moisture 
of the surrounding air. 

In industries where the physical properties of a product affect its value, 
the^ percentage of moisture is of special importance. With increase in 
moisture content, hygroscopic materials ordinarily become softer and 
more pliable. Standards of regain are firmly fixed in trade with fair 
penalties for excesses. Deficiencies result in loss of revenue to seller and 
loss of desirable quality to buyer. 

Manufacturing economy therefore requires that the moisture content 
be maintained at a percentage favorable to rapid and satisfactory manipu- 
lation and. to a minimum loss of material through breakage. A uniform 
condition is desirable in order that high speed machinery may be adjusted 
permanently for the desired production with a minimum loss from delays, 
wastage of raw material and defective product. 

In the processing of hygroscopic materials, it is usually necessary to 
secure a final moisture content suitable for the goods as shipped. Where 
the goods are sold by weight, it is proper that they contain a normal or 
standard moisture content. 

Moisture Content and Regain 

The terms moisture content and regain refer to the amount of moisture 
in hygroscopic materials. Moisture content is the more general term and 
refers either to free moisture (as in a sponge) or to hygroscopic moisture 
(which varies with atmospheric conditions). It is usually expressed as a 
percentage of the total weight of material. Regain is more specific and 
refers only to hygroscopic moisture. It is expressed as a percentage of the 
hone-dry weight of material. For example, if a sample of cloth weighing 
100.0 grains is dried to a bone-dry weight of 93.0 grains, the loss in weight, 
or 7.0 grains, represents the weight of moisture originally contained. This 
expressed as a percentage of Qie total weight (100.0 grains) gives the 
moisture content or 7 per cent. The regain, which is express^ as a per- 

7 0 

centage of the bone-dry weight, is or 7.5 per cent. 

The use of the term regain does not imply that the material as a whole 
has been completely dried out and has re-absorbed moisture. During the 
processing of certain textiles, for instance, complete drying during manu- 
facturing is avoided as it might appreciably reduce the ability of the 
material to re-absorb moisture. A basis for calculating the regain of 
textiles is obtained by drying under standeu'd conditions; a sample from 
the lot and the dry weight thus obtained is used as a basis in the calcu- 
lations to determine the regain. 

The moisture content of a hygroscopic material at any time depends 
upon the nature of the material and upon the temperature and especially 
lie relative humidity of the air to which it has been exposed. Not only 
do different materials acquire various percentages of moisture after 
prolonged exposure to a given atmosphere, but the rate of absorption or 
drying varies with the nature of the material, its thickness and density. 

Table 2 shows the regain or hygroscopic moisture content of several 
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organic and inorganic materials when in equilibrium at a dry-bulb tem- 
perature of 75 F and various relative humidities. The effect of relative 
humidity on regain of hygroscopic substances is clearly indicated. The 
effect of temperature is comparatively unimportant. In the case of 
cotton, for instance, an increase in temperature of 10 F has the same 
effect on regain as a decrease in relative humidity of one per cent. Changes 
in temperature do, however, affect the rate of absorption or drying. 
Sudden changes in temperature cause temporary fluctuations in regain 
even when the relative humidity remains stationary. 

The regain or moisture content affects the physical properties of textiles 
to a marked degree, changing the strength, pliability and elasticity. 

The fact that the regain of textiles will come into equilibrium with the 
conditions of the surrounding air and vary with its temperature and 
relative humidity is the fundamental basis for the control of physical 
qualities during manufacture. During the preparation processes in a 
cotton mill, the cotton fibers should be in a condition to be easily carded. 

These preliminary processes are carried out best in a relative humidity 
of 50 to 55 per cent. As the cotton fiber comes to the spinning operation, 
more flexibility is needed and the relative humidity is increased in this 
department. For many years, 65 per cent relative humidity was con- 
sidered the optimum. To offset the extra work performed on the fiber 
as the spindle speed is increased, many cotton mills now carry 70 per cent 
relative humidity in the spinning rooms.^ Winding, warping and weaving 
are all processes calling for great flexibility and a consequent need for 
higher humidity. 

Other textile fibers, due to their different natural characteristics, are 
processed under relative humidities and temperatures applicable to each. 

Rayons, on account of great loss of strength with the higher regains, 
should be processed in a relative humidity of 55 to 70 per cent. Acetate 
silk, another chemical fiber, with approximately 50 per cent of the regain 
of rayon, may be processed between 60 and 65 per cent relative humidity. 

All hygroscopic materials when in the state of absorbing moisture from 
the surrounding air produce a sensible heat rise to the air equivalent to 
the latent heat released by air to the material. This adiabatic conversion 
may account for a small percentage of the total heat load of the con- 
ditioned space. 

CondMoning and Drying 

In general, the exposure of materials to desirable conditions for treat- 
ment may be coincidental with the manufacture or processing of the 
materials, or they may be treated separately in special enclosures. This 
latter treatment may be classified as conditioning or drying. The purpose 
of conditioning or drying is usually to establish a desired condition of 
moisture content and to regulate the physical properties of the material. 

When the final moisture content is lower than the initial one, the term 
drying is applied. If the final moisture content is to be higher, the process 


»The Present Status of Textile Regain Data, by A. E. Stacey, Jr. {National AssociaHon of Cotton 
Manufaciurers, 1927). 
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is termed conditioning. In the case of some textile products and tobacco, 
for example, drying and conditioning may be combined in one process for 
the dual purpose of removing undesirable moisture and accurately regu- 
lating the final moisture content. Either conditioning or drying is 
frequently made continuous processes in which the material is conveyed 
through an elongated compartment by suitable means and subjected 
to controlled atmospheric conditions. 

Control of Rate of Cheznical Reactions 

A typical example of the second general classification, that is the 
control of the rate of chemical reactions, occurs in the manufacture of 
rayon. The pulp sheets are conditioned, cut to size, and passed through 
a mercerizing process. It is essential that during this process close con- 
trol of both temperature and relative humidity should be maintained. 
Temperature controls the rate of reaction directly, while the relative 
humidity maintains a constant rate of evaporation from the surface of 
the solution and gives a solution of known strength throughout the 
mercerizing period. 

Another well-known example of this class is the drying of varnish which 
is an oxidizing process dependent upon temperature. High relative 
humidities have a retarding effect on the rate of oxidization at the 
surface and allow the internal gases to escape freely as the chemical 
oxidizers cure the varnish from within. This produces a surface free from 
bubbles and a film homogeneous throughout. Desirable temperatures for 
drying varnish vary with the quality. A relative humidity of 65 per cent 
is beneficial for obtaining the best processing results. 

Control of Rate of Biochemical Reactions 

In the field of biochemical control, industrial air conditioning has been 
applied to many different and well-known products. All problems 
involving fermentation are classed under this heading. As biochemistry 
is a subdivision of chemistry, subject to the same laws, the rate of reaction 
may be controlled by temperature. An example of this is the dough room 
of the modem bakery. Yeast develops best at a temperature of 80 F. 
A relative humidity of 65 per cent is maintained so as to hold the surface 
of the dough open to allow the carbon dioxide gases formed by the fer- 
mentation to pass through and produce a loaf of bread, when baked, of 
even, fine texture without large voids. 

Another example of a similar process is found in the curing of maca- 
roni. The flour and water mixture is fermented and dried. As it is 
necessary to have a definite amount of water present to carry on a fer- 
mentation process, the moisture must be removed in a relatively short 
period to stop fermentation and prevent souring and in such a manner as to 
avoid setting up internal strains in the mixture. Best results are obtained 
with the correct cycles of both temperature and humidity. 

The curing of fruits, such as bananas and lemons, also comes under this 
classification. Bananas are treated somewhat differently and to accom- 
plish the required results, a cycle of temperatures and relative humidities 
is used. The starches in the pulp of the fruit must be changed and the 
skin cured and colored, after which the fruit is cooled to maintain as low 
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a rate of metabolism as possible. Ideal conditions range between 55 to 
57 F and in no case should the temj^rature go below 49 F, as the starches 
then become fixed and are indigestible. 

The curing of lemons is an entirely different problem. Bananas are 
cured for a quick market, while lemons are held for a future market. The 
process, therefore, varies in the temperature used. Temperatures from 
54 to 69 F have been found to be best suited for this process. A high 
relative humidity of 88 to 90 per cent is necessary to hold shrinkage to a 
minimum and, at the same time, develop the rind so it will be sufficiently 
tough to permit handling. 

Tobacco from the field to the finished cigar, cigarette, plug or pipe 
tobacco, offers another interesting example of what may be done by 
industrial air conditioning in the control of color, texture and flavor. 
In the processing of tobacco, the first three classifications of air con- 
ditioning are involved, and only through close atmospheric control can 
the best quality of the leaf be developed. 

Control Bate oi Crystallization 

The rate of cooling of a saturated solution determines the size of the crys- 
tals formed. Both dry- and wet-bulb temperatures are of importance, as 
the one controls the rate of cooling, while die other, through evaporation, 
changes the density of the solution. 

In the coating pans for pills, gum and nuts, a heavy sugar solution is 
added to the tumbling mass. As the water evaporates, each separate 
piece is covered with crystals of sugar. A smooth, opaque coating is only 
accomplished by blowing into the kettle the proper amount of air at the 
right dry- and wet-bulb temperatures. 

Elimination of Static Electricity 

The presence of static electricity is very detrimental to the satisfactory 
and economical processing of many light materials, such as textile fibers, 
paper, etc. It is also extremely dangerous where explosive atmospheres 
or materials are present. Fortunately, this hazard is easily eliminated 
by increasing the relative humidity. 

In attempting to eliminate static electricity, it must be borne in mind 
that for successful elimination the air that actually comes in contact 
with the material in the machine must be at a relative humidity of 50 
per cent or more. As some machines consume a great deal of power 
which is converted directly into heat, the temperature in the machine 
may be considerably higher than the temperature adjacent to the machine 
where the relative humidity is normally measured. In such cases, the 
relative humidity in the machine will be appreciably lower than that 
elsewhere in the room, and it may be necessary to maintain a room 
relative humidity of 65 per cent, or even more, before the desired results 
can be obtained. 


CALCULATIONS 

The methods for determining the proper heating and cooling loads for 
the various industrial processes are similar to those outlined in Chapters 
6 and 7. Because of the large number of motors and heat producing units 
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usually prevalent in an industrial application, it is particularly important 
that operating allowances for the latent and sensible heat loads be 
definitely ascertained and used in the calculations to determine the total 
design load. 
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^ndustriai ddxliaudt 


Classification of Systems, Hood Design Principles, Require- 
ments for Suction and Velocity, Duct System Design, Col- 
lectors, Resistance of System, Efficiency of Exhaust Systems, 
Types of Pans, Protection Against Corrosion 


I N many industries some type of exhaust system designed to collect and 
remove dusts and fumes is essential to the efficiency, economy, and 
safety of operation. General design information is included in this 
chapter which is intended to relate primarily to industrial exhaust 
systems. 

• CLASSinCATION OF SYSTEMS 

In general there are two basic layouts of exhaust systems, the central 
and the multiple unit system. In the central system a fan is located near 
the center of operations with a piping system radiating to the various 
machines to be served. In the multiple unit system, which is sometimes 
employed where the machines to be served are widely scattered, or where 
the operations are apt to be independent or intermittent, small individual 
exhaust fans are located at the center of the machine groups or at each 
machine. The unit arrangement has the advantage of flexibility. 

Exhaust systems are also classified by the means employed to collect 
the material. The dust or refuse may be collected and controlled by 
enclosing hoods or open hoods 'with positive inward air movement or by 
exhausting the general air of the room. With some classes of machinery 
it is not feasible to hood the machines closely and in these cases open 
hoods over or adjacent to the machines are provided to collect as much as 
possible of the dust and fumes. This class includes such machines as 
rubber mills, package filling machinery, sand blast, crushers, forges, 
pickling tanks, melting furnaces, and the unloading points of various 
types of conveyors. 

The open hoods should be placed as close to the source of dust or fumes 
as possible, with due regard to the movements of the operator and should 
be placed so that the operator is in no case in the path of the exhausted 
material. When the hood must be placed at some distance above the 
machine it should be large enough to cover a large area as diffusion is 
usually quite rapid. 

Some consideration should be given to the natural movement of the 
fumes. For those that are lighter than air, the hood may be over or above 
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the machine; and where a heavy vapor, or dust-laden air at ordinary 
temperature is to be removed, horizontal or floor connections are some- 
times preferable. In many cases there are convection currents and other 
atmospheric disturbances in the work room which should be given con- 
sideration. These disturbances diminish the tendency of dusts and fumes 
to settle from the room air because of their density. 

In another class of operation the main objective is to prevent the escape 
of dust into the surrounding atmosphere, the removal of some dust from 
the machine or enclosure being merely incidental. The dust-creating 
apparatus is enclosed within a housing which is made as tight as prac- 
ticable, and sufficient suction is applied to the enclosure to maintain an 
inward air leakage, thus preventing escape of the dust. While the exhaust 
system is required to handle only the air which leaks in through the 
crevices and openings in the enclosure, yet in many installations leakages 
are very high and great care is required to obtain satisfactory results 
with a system of this kind. The inward-leakage principle is utilized for 
controlling dust in the operating of tumbling barrels, grinding, screening, 
elevating, and similar processes. 

Certain dust and fume producing operations are best carried on by 
isolating the process in a separate compartment or room and then apply- 
ing general ventilation to this space. The compartment or room in which 
the work is performed should be as small as is consistent with convenience 
in handling the work. The ventilating system should be designed so that 
a current of clean air is drawn across the work in such a manner as to 
carry the dust or fume away from the operator and out of the work space. 
Another method of accomplishing the control of this type of installation 
is the dilution method. In this case sufficient clean air is introduced 
generally into the work space to dilute the contamination to a safe level. 

HOOD DESIGN PRINCIPLES 

The first step in the design of an exhaust system is to determine the 
number and size of the hoods and their connections. No general rules, 
however, can be given since hood and duct dimensions are determined by 
the characteristics of the operations to which they are applied. When a 
tentative decision regarding the set-up has been made, it is then necessary 
to obtain the suction and air velocities required to effect control. At this 
point the designer must rely upon the prevailing practice and on such 
physical data relating to hoods, duct systems and collectors as are avail- 
able. ^ The fan speed must be sufficient to maintain the estimated suction 
and air velocities in the system. In general, the most important require- 
ments of an efficient exhaust and collecting system are^; 

1. Hoods, ducts, fans, motors and collectors should be of adequate size and type. 

2. The air velocities should be sufficient to control and convey the materials collected. 

3. The hoods and ducts shoffid be placed so as not to interfere with the operation of a 
machine or any working part. 

4. The system should do the required work with a minimum power consumption. 


iFor more detailed reQUirements refer to Fundamentals Relating to the Design and Operation of Exhaust 
Systems, Z9-1936 (^American Standards Assoctation). Industrial Code Bulletin Nos. 10 and 12 (New York 
State Labor Department), Principles of Exhaust Hood Design, by J. M. DallaValle (U. S. Public Health 
Servtce, 1939). 
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^ 5. When inflammable dusts and fumes are conveyed, the piping should be provided 
with an automatic damper in passing through a fire-wall. 

6. Ducts and all metal parts should be grounded to reduce the danger of dust ex- 
plosions by static electricity. 

7. The design of an exhaust system should afford easy access to parts for inspection 
and care. 


REQUIREMENTS FOR SUCTION AND VELOCITY 

The removal of dust or waste by means of an exhaust hood requires a 
movement of air at the point of origin sufficient to carry it into a collecting 
system. The air velocities necessary to accomplish this depend upon the 
physical properties of the material to be eliminated and the direction and 
speed with which it is thrown off. If the dust to be removed is already 
in motion, as is the case with high-speed grinding wheels, the hood must 
be installed in the path of the particles so that a minimum air volume 
may be used effectively. It is always desirable to design and locate a 
hood so that the volume of air necessary to produce results is as small as 
possible. This will reduce the size of equipment and power required by 
the system and also the heating load requirements in the winter. 

Air Flow from Static Readings 

The static suction at the throat of a hood is frequently used in practice 
as a measure of the effectiveness of control. Where the hood coefficient 
is known the volume of air flow through any hood may be determined 
from the equation: 

Q^4mfAV~h ( 1 ) 

where 

Q = volume of air flow, cubic feet per minute. 

A = area of connecting duct, square feet. 

ht = static suction measured 3 diameters from throat of hood, inches of water. 

/ = orifice or restriction coefficient which varies from 0.6 to 0.9 depending on the 
shape of the hood. 

An average value of /is 0.71, although for a well-shaped opening a value 
of 0.8 may be used. The factor / is determined from the equation: 



where h^ is the velocity head in the connecting duct. 

The static suction is not a good measure of the effectiveness of a hood 
unless the area of the opening and the location of the operation with 
respect to the hood are known. This is clearly indicated by Equation 3 
which shows that the velocity at any point along the axis varies approxi- 
mately inversely as the square of the distance. However, this formula 
coupled with Equation 1 should serve to indicate the velocity conditions 
to be expected when operations are conducted external to the hood 
opening. 

Design Based on Total Air Flow 

Where the foregoing factors are not known, the usual method of 
designing an exhaust system is to base the air flow through the system on 
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Table 1. Rates of Flow Through Branch Pipes Woodworking Machines 


Pipe Diameter, In. 

Air Volume, Cfm 

3 

200 

4 

350 

5 

650 

6 

800 

7 


8 

1400 


Table 2. Branch Pipe Size for Woodworking Machine Hoods 



1 Si2E, In. 

1 

1 Minimum Diameter. In. 

Type of Machine 

i 


No. OF 



Min. 

1 Max. 

Branches 

Bottom 

Branch 

Top 

Branch 

Others 


Self feed table saw 



2 

5 

4 


Other single saws 

18 

18 



4 

5 


Saws with Dado Head 





5 




2 

2 

4 

4 


Band saws 

2 

3 

2 

5 

4 



3 

6 

2 

5 

5 




18 

1 

4 




18 i 

28 ; 

1 

5 



Disc Sanders 

26 i 

32 

2 

4 

4 



32 1 

38 

2 

5 

4 



38 1 

48 i 

3 

5 

4 

4 



30 

1 

7 



Triple drum sanders 

30 

36 

36 

42 

1 

1 

8 

9 




42 

48 

1 

10 



Single drum sanders; 

(area in sq in.) 

350 

700 

350 

700 

1400 

1 

4a 

5 

6 




1400 

2800 





Horizontal belt sanders 

9 

9 

i 14 

2 

2 

5 

6 

4 

4 



1 

6 

1 

4 



Vertical belt sanders 

1 6 

' 9 

1 

5 




9 

14 

1 

6 



Jointers 

8 

8 

1 20 

1 

1 

4 

5 







5 



Single planers 

20 



6 




26 


HI 

7 



Tenoner . 


■■ 

2 

5 

5 



a-Not over 10 in. diameter. 
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Table 3. Rates of Flow Through Branch Pipes Grinding and Buffing Wheels* 


Pipe Diameter, In. 

Air Volume, Cfm 

3 

225 

4 

400 

5 

600 

6 

900 

7 

1200 


rates of flow through each hood which have been found by experience to 
provide adequate control. For woodworking systems the rates of flow' 
given in Table 1, calculated on the basis of a branch velocity of 4000 
fpm, are adequate for control. Using these air flow rates, Table 2 gives 
the size of pipe connections to be used with the more common wood- 
working machines. Properly designed grinding and buffing wheel hoods 
have been found to be adequately controlled when the rates of air flow 
given in Table 3, calculated on the basis of a branch velocity of 4500 
fpm, are used. Table 4 gives the minimum branch pipe sizes to be used 
on the more common sizes of grinding and buffing wheels. 

In some states grinding, polishing and buffing wheels are subject to 
regulation by codes. (See Standards Chapter 48.) The static suction 
requirements, which range from to 5 in. water displacement in a 
U-tube, must be followed in such states although in several instances 
they may appear to be excessive. Frequently, in these operations, a large 
part of the wheel must be exposed and the dust-laden air within the hood 
is thrown outward by the centrifugal action of the wheel, thus counter- 
acting useful inward draft. This tendency may be diminished by locating 
the connecting duct so as to create an air flow of not less than 200 fpm 
past the lower edge of the wheel. 

Controlling Air Velocities 

Exact determinations of hood control velocities are not available, but 
it is safe to assume that for most dusty operations they should not be less 

Table 4. Branch Pipe Sizes for Grinding and Buffing Hoods 



Wheel Size 
Diameter, In. 

Maximum 

Branch Pipe 

Type of Wheel 





Minimum Diameter, 






Min. 

Max. 

Width 

In. 

Area 

Sq In. 

In. 



9 

1 

30 

3 


9 

18 

3 

175 

4 

Grinding 

18 

24 

4 

300 

5 

24 

. 30 

5 

500 

6 


30 

36 

6 

700 

7 

Disc Grinding 

20 

20 

30 

.... 

300 

4 

5 



8 

2 

50 

^ y 2 

Buffing, Polishing and 

'8 

16 

3 

150 

4 

Scratch Brushing 

16 

24 

4 

300 

5 

24 

30 

6 

600 

6 
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than 200 fpm at the point of origin. For granite dust generated by 
pneumatic devices, velocities from 150 to 200 fpm, depending on the type 
of hood used, are recommended as sufficient for safe controP. Con- 
sidering the character of the industry, air velocities of this order may be 
extended to similar dusty operations. The method for approximately 
determining these velocities in terms of the velocity at the hood opening 
is given in Equation 3. 

No set rule can be given regarding the shape of a hood for a particular 
operation, but it is well to remember that its essential function is to create 
an adequate velocity distribution. The fact that the zone of greatest 
effectiveness does not extend laterally from the edges of the opening may 
frequently be utilized in estimating the size of hood required. Where 
complete enclosure of a dusty operation is contemplated, it is desirable to 
leave enough free space to equal the area of the connecting duct. Hoods 
for grinding, polishing and buffing should fit closely, but at the same time 
should provide an easy means for changing the wheels.^ It is advisable to 
design these hoods with a removable hopper at the base to capture the 
heavy dust and articles dropped by the operator. Such provisions are of 
assistance in keeping the ducts clear. Air volumes used to control many 
dust discharges may often be reduced by effective baffling or partial 
enclosure of an operation. This procedure is strongly urged where dusts 
are directed beyond the zone of influence of the hood. 


Asdal Velocity Formula for Hoods 

When the normal flow of air into a hood is unobstructed, Equation 3 
may be used to determine the air velocity at any point along the axis*: 


+ 0,1 A 

where 

V = velocity at point, feet per minute. 

Q = volume of air handled, cubic feet per minute. 
X — distance along axis, feet, 

A = area of opening, square feet. 


(3) 


Velocity Contours 

It is possible by use of a specially constructed Pitot tube^ to map 
contours of equal velocity in any axial plane located in the field of in- 
fluence. It has been found that the positions of these contours for any 
hood can be expressed as percentages of the velocity at the hood opening 
and are purely functions of the shape of the hood*. 

Further, the velocity contours are identical for similar hood shapes 
when the hoods are reduced to the same basis of comparison. These facts 
are applicable to all hood problems so that when the velocity contour 


^Control of the Silicosis Hazard m the Hard Rock Industries. I. A Laboratory Study of the Design of 
Dust Control Systems for Use with Pneumatic Granite Cutting Tools, by Theodore Hatch, Philip Drinker 
and Sarah P. Choate. {Journal qf Industrial Hygiene, Vol. XII, No. 3, March, 1930). 

Ig^The Control of Industrial Dust, by J. M. DallaValle {Mechanical Engineering, VoL 55, No. 10, October. 

‘Studies in the Design of Local Eachaust Hoods, by J. M. DallaValle and Theodore Hatch (A,S,M,E, 
Transactions, Vol. 54. 1932). 

rr Hoods under Suction, by J. M. DallaVaUe (A.S.H.V,E. Transactions, 

Vol. 38, 1932, p. 387). * 
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distribution is known, the air flow required can be determined- Fig. 1 
shows the contour distribution in two axial planes perpendicular to the 
sides of a rectangular hood with a side ratio of one-half. The distribu- 
tion shown is identical for all openings with a similar side ratio provided 
the mapping is as shown in the figure. The contours, of course, are 
expressed as percentages of the velocity at the opening. 

Low Velocity Sysiezns 

On multiple installations of the same operation it is often possible to 
institute a great saving in power cost by designing an exhaust system 



Fig. 1. Velocity Contours for a Rectangular Opening with a Side Ratio of 
One-Half. Contours are Expressed as Percentages of the 
Velocity at the Opening 


using low velocities in the main ducts. Such a system for use in grinding 
and shaping porcelain has been described®. In these operations, the 
separate machines are grouped around a central plenum chamber and 
ejdiausted by meatns of a low pressure fan connected to the plenum. In 
this case a power saving of over 90 per cent was obtained. A similar 
design technique has been described^ for use in ventilating plating tanks. 

Large Open Hoods 

Large hoods, such as may be used for electroplating and pickling tanks, 
should be sub-divided so the area of the connecting duct is not less than 


*Ix>w Vdodty Exhaust Ssrstems. by Theodore Hatch (HtcUng and Ventilating, October, 1940, p. 27). 
’Tank Ventilating Power Costs Cut by Low Velocity Systems, by William B. Harris (Beating and 
Ventilating, July, 1942, p. 42). 
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one-fifteenth of the open area of the hood. Frequently, it will be found 
necessary to branch the main duct in order to obtain a uniform distri- 
bution of flow. Canopy hoods should extend 6 in. laterally from the tank 
for every 12 in, elevation, and wherever possible they should have side 
and rear aprons so as to prevent short circuiting of air from spaces not 
directly over the vats or tanks. In most cases, hoods of this type take 
advantage of the natural tendency of the vapors to rise, and air velocities 
may be kept low. Cross drafts from open doors or windows disturb the 
rise of the vapors and therefore provision must be made for them. The 
air velocities required also depend upon the character of the vapors given 
off, cyanide fumes, for example, requiring an air velocity of approxi- 
mately 75 fpm on the surface of the tank and acid and steam vapors 
requiring velocities as low as 25 to 50 fpm. The total volume of air flow 
necessary to obtain these velocities may be approximately determined 
from the equation: 

Q^IAPDV (4) 

where 

Q = total volume of air handled by hood, cubic feet per minqte. 

F = perimeter of the tank, feet. 

D == distance between tank and hood opening, feet. 

T' = air velocity desired along edges and surface of tank, feet per minute. 

Lateral Exhaust Systems 

The lateral exhaust method, as developed for chromium plating^, is 
applicable in many instances in preference to the canopy type hoods. 
The method makes use of drawing air and fumes laterally across the top 
of vats or tanks into slotted ducts at the top and extending fully along 
one or more sides of the tanks. The slots are 1 in. wide and for effective 
ventilation a 2000 fpm exhaust air velocity at the slot face is advisable. 
In addition, the duct should not be required to draw the air laterally for 
a distance of more than 18 in. and the level of the solution should be kept 
6 to 8 in. below the top of the tanks. 

It has also been determined that a similar control may be used for tanks 
wider than 3 ft when the same velocity (2000 fpm) is maintained through 
a slot which is increased 34 in. for every foot of width greater than 3 ft. 
When these slots must be extended more than 6 ft in length some method 
of spreading the flow is necessary to provide even air flow distribution 
through the entire slot length. This can be accomplished by tapering the 
slot, which incidentally will add to the resistance of the system. A more 
economical approach is to place properly spaced vanes in the side ducts, 
or to branch the side ducts®. 

The flexible exhaust tube method may be advantageously used for 
removing dust or fumes. Flexible tubes having one end connected to an 
exhaust system and a slotted hood attached to the other end may be 
shaped at will to fit in with industrial processes without affecting the ease 


»He^th Hazards in Chromium Plating, by J. J. Bloomfield and William Blum {U, S. Public BeaUh 
Report, Vol. 43, No 26, September 7, 1928). 


*New Data for Practical Design of Ventilation for Electroplating, by W, P. Battista, Theodore Hatch 
and Le<^rd Greenburg (Heaftng, Piping and Air Conditioning, February, 1941. p. 81). Ventilation of 
Plating Tanks, by Allen D. Brandt {Beating, Piping and Air Conditioning, July, 1941, p. 434). 


724 




CHAPTER 40. INDUSTRIAL EXHAUST SYSTEMS 


of operation. Efficient dust or fume removal may be had with use of 
relatively small exhaust volumes. This type of system may be used on 
swing grinders, portable grinding wheels, soldering operations, stone 
cutting, rock drilling, etc. 

Spray Booths 

In the design of an efficient spray booth, it is essential to maintain an 
even distribution of air flow through the opening and about the object 
being sprayed. While in many instances spraying operations can be 
performed mechanically in wholly enclosed booths, the volatile vapors 
may reach injurious or explosive concentrations. At all times the con- 
centrations of these vapors, and particularly those containing benzol, 
should be kept well below 100 parts per million in the breathing zone of 
the worker. Spray booth vapors are dangerous to the health of the 
worker and care should be taken to minimize exposure to them. 

It is recommended in the design of spray booths that the exhaust duct 
be located at the end of the booth opposite the opening. In front of this 
duct should be placed baffle plates which will cause a uniform air velocity 
distribution across the frontal area. The air volume should be sufficient 
to maintain a velocity of not less than 100 fpm over the open area of the 
booth (150 fpm is preferable where benzol or lead is present in the paint) 
and the vapors should be discharged through a suitable stack to permit 
dilution. It is good practice to pass the fumes or vapors through baffle 
type washers or scrubbers designed for efficient spray removal. 

Hoods for CSiemical Laboratories 

Hoods used in chemical laboratories are generally provided with 
sliding windows which permit positive control of the fumes and vapors 
evolved by the apparatus. Their design should offer easy access for the 
installation of chemical equipment and should be well lighted. Air 
velocities should exceed 50 fpm when the window is opened to its maxi- 
mum height. 

Kitchen Hoods 

The length and width of kitchen hoods should be such as to extend 
beyond the extreme projection of the ranges, broilers, etc., over which 
they are installed. The minimum projection or overlap should be 12 in. 
Where space conditions permit, range hoods should be about 2 ft high so 
as to provide a reservoir to confine momentary bursts of smoke and 
steam until the exhaust system can evacuate the hood. As in the case 
of industrial hoods, range hoods should be located as low as possible to 
increase their effectiveness. 

In general the amount of air to be exhausted from restaurant range 
hoods is at the rate of 100 fpm per square foot of face area. Thus, a hood 
4.5 ft wide by 30 ft long has a face area of 135 sq ft, which multiplied' by 
100 fpm velocity results in a total air quantity to be exhausted of 13,500 
cfm. In some cases where the application is principally frying and where 
it is not practical to install a hood 2 ft high it is recommended tiiat the face 
velocity be increased from 100 to 150 fpm, depending on peak load con- 
ditions in tht kitchen. • Exhaust connections to range hoods should 
always be made at the top and back of hoods, and should be spaced pref- 
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erably not more than 6 ft apart and be rectangular in shape with the 
long side parallel to the back of the hood. Exhaust openings into range 
hoods should be designed to maintain a velocity of 1500 to 1800 fpm. 

An approved fire damper with fusible link should be (and is required 
by code in many states) installed in the main exhaust duct or branch 
adjacent to the range hood. Should there be more than one hood con- 
nected to a common duct, then the branch duct to each hood should be 
provided with a fire damper. Access doors should be provided at the fire 
damper for purpose of inspection, cleaning or for renewal of fusible link. 
All exhaust piping to range hoods, commonly called grease ducts, should 
be provided with tight fitting cleanout doors of adequate size to permit 
easy removal of grease. 

Hoods over steam tables should be of similar construction to range 
hoods. In determining the necessary amount of air to be exhausted it is 
considered good practice to design such hoods with a face velocity of 60 
to 70 fpm. Hoods over dishwashing machines are usually relatively small 
and generally 1500 to 2000 cfm per hood is allowed, which is equivalent 
to a velocity of approximately 100 fpm per square foot of face area. 
Range hoods in diet kitchens are constructed the same as restaurant range 
hoods but with less exhaust air per square foot of face area, depending 
upon the nature of the food cooked. 

Hoods are not often used in private residences unless they are quite 
large and the consideration of expense is not important. For such 
residences the hoods should be designed on the same basis as diet kitchens. 
Most all residence kitchens can be effectively and economically venti- 
lated by the installation of a built-in kitchen ventilator, which should be 
located in an outside wall and in close proximity to the kitchen range. 
It has been found that the capacity of the built-in kitchen ventilator 
should be at least 350 cfm regardless of the size of kitchen. This can be 
justified on the basis that the smaller the kitchen the more concentrated 
the heat will be thus requiring a more rapid rate of air change. Standard 
size built-in kitchen ventilators are generally available in three sizes, 
namely 350, 500 and 800 cfm. The proper size to use will depend on 
design conditions and available wall space. 

DUCT SYSTEM DESIGN 

In desiring a duct system it is necessary to recognize a few funda- 
ment principles (see also Chapter 32). I^owing the quantity of air 
required, the size of the duct may be computed from Equation 5 : 

^ = -y- (5) 

where 

A = cross-section area of duct, square feet. 

0 — air quantity to be handled by the duct, cubic feet per minute. 

V = velocity of air, feet per minute. 

Air Velocities in Ducts 

Where it is necessary to transport the particulate material collected in 
an exhaust S3^em, minimum canying velocities must be maintained in the 
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Table 5, Gages of Metals for Exhaust System 


Duct Diameter, 

Gage of Metal 

In. 

Dust 

Non-Corrosive Fumes, 

Vapors and Gases 

8 or less.. 

20 

24 

Q to 18-„ 

18 

22 

IS to .^0 

16 

20 

SO or morf^_ 

14 

18 



ducts preceding the collector. It has been found that good design results 
when air velocities in horizontal runs are not less than 3000 fpm or not 
greater than 5000 fpm. When the dust being carried is organic and other 
than wood flour, or similar material, a velocity of 2500 fpm is adequate. 
The velocity in vertical piping should be increased 25 per cent over the 
minimum required for transport in horizontal ducts. 

For duct systems wherein the air has no dust or solid load, a lower 
velocity is desirable, which may range from 1200 to 2000 fpm. In view 
of the fact that the horsepower required by a system depends directly 
on the resistance and the resistance is a function of the velocity, eco- 
nomical design requires velocities of this magnitude. 

The equal friction method is generally used for designing a duct system 
as this insures equal resistance to air flow in all branches throughout the 
system (see Chapter 32). Long main ducts do not generally provide the 
most economical layout. Where it is necessary to ventilate a large number 
of machines, or machines which are widely separated, it is desirable to 
locate the fan at approximately the center of the system. With this 
arrangement it is possible to choose a fan which will deliver the required 
air quantity against a lower resistance pressure, and this will generally 
result in a horsepower saving. 

When a system carrying dust is designed with an oversize main duct to 
allow for future extension, the air velocity may be found to be too low to 
carry the dust, and serious plugging may occur. In this case it is desirable 
to install an orifice in the end of the pipe to allow for the lower air quantity. 

Construction 

The ducts leading from the hoods to the exhaust fan should be con- 
structed of sheet metal not lighter than is shown in Table 5. The piping 
should be free from dents, fins and projections on which refuse might 
catch. 

All permanent circular joints should be lap-jointed, riveted and sol- 
dered, and all longitudinal joints either grooved and locked or riveted 
and soldered. Circular laps should be in the direction of the flow, and 
piping installed out-of-doors should not have the longitudinal laps at the 
bottom. Every change in pipe size should be made with- an eccentric 
taper flat on the bottom, the taper to be at least 4 in. long for each inch 
change in diameter. All pipes passing through roofs should be equipped 
with collars so arranged as to prevent water leaking into the building. 

The main trunks and branch pipes should be as short and straight as 
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possible, strongly supported, and with the dead ends capped to permit 
inspection and cleaning. All branch pipes should join the main at an 
angle of not greater than 45 deg, the junction being at the side or top of 
the larger end of a transformation piece. Branch pipes should not join 
the main pipes at points where the material from one branch would tend 
to enter the branch on the opposite side of the main. 

Cleanout openings having suitable covers should be placed in the main 
and branch pipes so that every part of the system can be easily reached in 
case the system clogs. Either a large cleanout door should be placed in 
the main suction pipe near the fan inlet, or a detachable section of pipe, 
held in place by lug bands, may be provided. 

Elbows and hoods should be made at least two gages heavier than 
straight pipe of the same diameter, in order to enable them to withstand 
the additional wear caused by changing the direction of flow. Elbows 
should preferably have a throat radius of at least one and one-half times 
the diameter of the pipe. 

Every pipe should be kept open and unobstructed throughout its entire 
length, and no fixed screen should be placed in it, although the use of 
a Irap at the junction of the hood and branch pipe is permissible, provided 
it is not allowed to fill up completely. The passing of pipes through fire- 
walls should be avoided wherever possible, and floor sweep connections 
should be so arranged that foreign material cannot be easily introduced 
into them. 

At the point of entrance of a branch pipe with the main duct, there 
should be an increase in the latter equal to their sum. Some state codes 
specify that the combined area be increased by 25 per cent. While this 
is not always good practice and is frequently done at the expense of a 
reduced air velocity, it is often done where future expansion of the exhaust 
system is contemplated. 

Duct Besisiance 

The resistance to flow in any galvanized duct riveted and soldered at 
the joints may be obtained from Fig. 2, Chapter 32. The pressure drop 
through elbows depends upon the radius of the bend. For elbows whose 
centerline radii vary from 50 to 300 per cent of pipe diameter, the loss may 
be estimated from Table 6. It is sometimes convenient to express the 
r^istance of an elbow in terms of an equivalent length of duct of the same 
diameter. Thus with a throat radius equal to the pipe diameter the 
r^istance is equivalent to a section of straight pipe approximately 10 
diameters long, while with a throat diameter radius times the dia- 


Table 6. Loss Through 90-Deg Elbows 


Elbow Center Line Radius in Per Cent 
OF'P iPE Diameter 

Loss IN Per Cent of Velocity Head 

50 

75 

100 

26 

150 

17 

200 to 300 

14 
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meter, the resistance is apparently the same as that of seven diameters of 
straight pipe. 


COLLECTORS 

The most common method of separating the dust and other materials 
from the air is to pass the mixture through a centrifugal or cyclone col- 
lector. In this type of collector the mixture of the air and material is 
introduced on a tangent, near the cylindrical top of the collector, and the 
whirling motion sets up a centrifugal action causing the comparatively 
heavy materials suspended in the air to be thrown against the side of the 
separator, from which position they spiral down to the tail piece, while 
the air escapes through the stack at the center of the collector. 

The diameter of the cyclone should be at least 3.5 times the diameter 
of the fan discharge duct. When two or more separate ducts enter a 
cyclone, gates should be provided to prevent any back draft through a 
system which may not be operating. Cyclones working in conjunction 
with two or more fans should be designed to operate efficiently at two- 
thirds capacity rating. 

If a cyclone is used to collect light dusts such as buffing wheel dusts, 
feathers and lint, the exhaust vent should be large enough to permit an 
air velocity of 200 to 500 fpm. This will require a cyclone of larger 
dimensions than given for the foregoing general case. 

When a high collection efficiency is desired, or the material is very fine, 
multi-cyclones may be used. These are merely small cyclones arranged in 
parallel which utilize the principle of high centrifugal velocity to attain 
separation. The capacities and characteristics of this type of separator 
should be obtained from the manufacturers. 

Dust Filters 

Filters are used when the material collected by an exhaust system is 
valuable or cannot be separated efficiently from the air with an ordinary 
cyclone. They are also employed when it is desirable to recirculate the 
air drawn from a room by the exhaust system, which otherwise might 
entail considerable loss in heat. Bag filters which are properly housed 
should be operated under suction. Bag houses used in the manufacture of 
zinc oxide and other chemical products are operated on the positive 
side of the fan. 

Wool, cotton and asbestos cloths, and paper are commonly used as 
filtering mediums. When woolen cloths are employed, the filtering 
capacities vary from to 10 cfm per square foot of filtering surface, 
depending on the character of the material collected. The rates for cotton 
and asbestos cloths are lower. The type of filter cloth and the rates of 
filtration depend, of course, on the material to be collected and the fan 
capacity. The time increase of resistance varies with the amount of 
material permitted to build up on the surface of the filter and can be 
determined only by experiment. The limits of the increase may be 
regulated by adjustment of the shaking or cleaning mechanism. These 
limits may be regulated further according to the capacity of the fan and 
the effective performance of the hoods and the duct system. 
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For additional information on dust and cinders, see Chapter 29, 
Air Cleaning Devices. 


RESISTANCE OF SYSTEM 

The maintained resistance of the exhaust system is composed of three 
factors: (1) loss through the hoods, (2) collector drop, and (3) friction 
drop in the duct system. 

The loss through the hoods is usually assumed to be equal to the suction 
maintained at the hoods. Where possible the resistance of the particular 
collector to be used should be ascertained from the manufacturer. 

Friction drop in the pipes must be computed for each section where 
there is a change in area or in velocity. Find the velocities in each section 
of pipe starting with the branch most remote from the fan. The friction 
drop for these sections can be determined by reference to Table 6 and 
Fig. 2, Chapter 32. Total friction loss in the piping system is the friction 
drop in the most remote branch plus the drop in the various sections of 
the main, plus the drop in the discharge pipe. 


Table 7. Accepted Standards for Toxic Concentration of Fumes, 
Dusts and Mists^ 


Fumes 

Milligrams per 

Cubic Meter 

C?idmi\iTTi oxide. - - 

0.1 

CiilorodipfiP^Tiyl. .. 

1.0 

I,.ead or oxides of le^d., , r - 

0.16 

Mercury or mercury compounds 

0.1 


0.5 



Trfrblornnaphthfllene 

5.0 

Zinc oxide . ^ 

15.0 


Dusts 

Million Particles per 
Cubic FooTb 

A<tlvistos 

5 

Cpmpnt. , „ 

100 

Gypsum , 

100 

Lead or compounds of lead . 

0.16^ 

6c 

Manganese.... _ 

Marble _ _ . 

100 

Silica fmore than 70 per cent free silicon-dioxide) 

5 

Silica (more than 10 per cent free silicon-dioxide) 

10 

Silica (less than 10 per cent free silicon-dioxide) 

100 


Mists 

! Milligrams per 

Cubic Meter 

Chromic acid. . 

1 0.1 

5.0 

Sulphuric acid. _ _ . 



Safe Concentrations of Certain Common Toxic Substances Used in Industry, by M. 
inker, P. Drinker, H. A. Haggard, and H. Hamilton (Jowmal qf Industrial Hygiene and 
No. 6. June, 1940). Industrial Code Bulletin No. 35 (New York State Labor Depart- 
Bbestosis in Asbestos Textile Industry (U. S. Public Health Bulletin No, 241,. 1938). 
Poisoning in an Ore Crushing Mill (£7. S. Publtc Health Bulletin No. 247, 1940) . 
^Determined by lis^t field or equivalent technique. 
cMilligtaxns per cubic meter. 


aAdapted from i 
Bowditch, C. K. Dri 
Toxicology^ Vol, 22, 
ment). Study of A 
Chronic Manganese 
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Table 8, Corrosion Resisting Materials for Exhaust Systems^ 



add. 


cStainlesa sted of (24 Cr — 10 Ni) fairly reastant at low temperature for HCl and Es PO 4 . 
dUnder most conditions. 
eAt room temperatures. 


EFFICIENCY OF EXHAUST SYSTEMS 

The efficiency of an exhaust system depends upon its effectiveness in 
reducing the concentration of dusts, fumes, vapors and gases below the 
safe or threshold limits^®. 

Too much emphasis cannot be placed on the necessity of testing exhaust 
systems frequently by determining the concentration of atmospheric con- 
tamination at the worker’s breathing level. Commonly accepted values 
of threshold limits for usual atmospheric contaminants, such as fumes, 
dusts and mists are given in Table 7. Similar data covering gases and 
vapor will be found in Chapter 28. 


TYPES OF FANS 

Manufacturers generally provide special fans for the collection of 
various industrial wastes. These are available for the collection of coal 


“Criteria for Industrial Exhaust Systems, by J. J. Bloomfidd (A.S.H.V.E. TaANsacnoNS, Vol. 40, 
1934, p. 353). 
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dust, wood shavings, wool, cotton and many other substances. When 
substances having an abrasive character are conveyed, the fan blades and 
housing should be protected from wear. This may be accomplished by 
placing a collector on the negative side of the fan or by lining the housing 
and blades with rubber. 

PROTECTION AGAINST CORROSION 

The removal of gases and fumes in many chemical plants requires that 
metals used in the construction of the exhaust system be resistant to 
chemical corrosion- A list of the materials which may be used to resist 
the action of certain fumes is given in Table 8. Hoods and ducts, when 
short, may frequently be constructed of wood and be quite effective. 
Rubberized paints are available and may be applied as protective coatings 
in handling such gases and fumes as chlorine and hydrochloric acid. 


752 




CHAPTER 41 




Drying Methods, Radiant~Heai Drying, Conduction or Direct 
Contact Drying, Convection or Air Drying, Mechanism of 
Drying, Omissions in the Cycle, General Rules for Drying, 
Humidity Chart, Dryer Calculations, Design, Estimating 

Methods 


D rying, in its broader sense, refers to the removal of water, or other 
volatile liquid from either a gaseous, liquid, or solid material. In 
practice, the process of direct drying gaseous material is referred to 
generally as dehumidifying, or condensing, and in some cases chemicals 
are used in the adsorption or absorption of moisture- The subjects of 
dehumidification and dehydration are treated in Chapter 24. Drying a 
liquid is called evaporation or distillation. The common usage of the 
word drying refers to the removal of water or other liquid, such as a 
solvent, by evaporation from a solid material. 

When the solid to be dried contains large amounts of free water, the 
actual drying process is frequently preceded by the removal of part of the 
water by some mechanical means, such as filtration, settling, pressing or 
centrifuging. Removal of as much water as possible by such methods is 
usually advisable, as the cost of these operations, per pound of water 
removed, is generally much less than by evaporation. In some drying 
processes the evaporation of the liquid is accompanied by a chemical 
change, as in the drying of paint and varnish. 

DRYING METHODS 

Heat must be supplied in order to dry a solid by evaporation. Since 
this latent heat is large compared with the specific heat of the materials, 
drying becomes largely a problem in heat transfer. Hence drying methods 
are often classified according to the method of heat transfer used, as 
follows: 

1. Radiant-heat drying. 

2. Drying by direct contact, and conduction. 

3. Convection or air drying. 

Radiant-Heat Drirmg 

Drying by sun heat is still practiced where danger of rain is slight, 
atmospheric pollution is negligible and sufficient time can be allowed. 

Radiating surfaces, (heated by steam, electricity or other means), afford 
a good method of heat distribution and control. Radiant heating sets up 
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§ 

1 

s 

< 

§ 

ti 

When production does not war- 
rant continuous drier 

Where dust must be saved 

Cost of operation high, 
for expensive materials 

For high production 

Where material will stand rough 
handling and is not subject to 
balling up 

Hygroscopic materials dried 
with vacuum, and packed 
immediately 

Where material comes in sheets 
or rolls, and will stand direct 
contact with heating surface 

Where one side cannot come in 
contact with supports until dry 

Where headroom is available 

Drying is almost instantaneous 

Where heating of metal from in- 
side out is important 

1 

Steam Coils, Air, 
Electricity 

Water, Steam 
Jacketed, may have 
Vacuum on top 

Water, 

Steam 

Steam Coils, Air, 
Electricity, Products 
of Combustion 

Air, Steam, 

Products of 
Combustion 

Steam, may 
have Vacuum 
on Top 

Steam inside 
of Drum 

Air, 

Steam Coils 

Air, 

Steam Coils 

Air, Products of 
Combustion 

Electricity 

Hi 

80 to 
180 

100 

to 

330 

80 to 
300 

100 

to 

360 

80 

to 

600 

S2 

to 

360 

to 

200 

126 to 
260 

120 to 
360 

to 

400 

m o 
1 

Suspended, Truck, 
Tray 

Shoveled into 

Drum or Pan 

Tray, Basket, 
Tumbling Drum 

3 

t-if-ipa 

Cascades through 

Flowed on Drum, 

Dry Material 

Scraped off 

Continuous Sheets, 
Endless Chain Belt 

Continuous Sheets, 
Suspended on 

Metal Screens 

Falls through by 
Gravity 

Sprayed into 

Chamber 

Placed in High 
Frequency Field 

|a 

Paper, Leather, 

Yams, Lumber, Foodstuffs 

Chemicals too sticky for 
Rotary Drier 

Chemicals, Explosives, Phar- 
maceuticals, Food Products 

Ceramics, Chemicals, 
Lumber, 

Food Products 

Bulk 

Liquids, 

Slurries 

Paper, 

Textiles, 

Chemicals 

Paperj 

Chemicals 

Grains, 

Sand 

Solutions over 

30% Solids 

Metals, for removal of 
traces of Water 

Kind 

t 

i S 

U a 

Agitated 

Vacuum 

Tunnel 

Rotary 

Drum 

Cylinder 

Festoon 

Tower or 
Column 

Spray 

Induction 

S 


c 
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convection currents, and in low-temperature dryers only about one-third 
to one-half of the total heat for evaporation is actually supplied to the 
material by radiation. At high temperatures the radiation output in- 
creases rapidly, according to the fourth-power law. The total radiation 
may be computed by the equations and tables given in Chapter 3. In 
general, fins and irregular surfaces do not increase radiation, hence the 
area to be used in calculations is the area of a smooth-surface envelope 
enclosing the radiating elements. 

A certain amount of air circulation is required through a radiant dryer, 
in order to carry off the vapor. 

Conduction or Direct Contact Drying 

Drying rolls or drums, flat surfaces, open kettles and immersion heaters 
are examples of the direct-contact method. Intimate contact of the 
material with the heating surface is important, and in some cases agitation 



Fig. 1. Section of Rotary Dryer 


is desirable to increase the uniformity of heating or to prevent overheating. 

Greatest resistance to heat transfer occurs on the air side of the material 
being dried. The rate of heat transfer from the surface of the heated 
material to the air, and hence the rate of drying, may be increased by: (a) 
forced convection or air circulation and (b) vacuum operation to lower 
the boiling point of the liquid being evaporated. 

Convection or Air Drying 

The circulation of heated air or other gases over the material being 
dried is termed convection drying. Some convection drying occurs in 
practically all types of dryers, but if the main source of heat is from the air 
or gases, the dryer may be called a convection dryer. Typical forms or 
examples may be enumerated: 

1. Rotary drum dryers, (Fig. 1). 

2. Tunnel or oven dryers, batch type. 

3. Tunnel dryers, conveyor type, (Figs. 3 and 4). 

4. Tower or column dryers. 

5. Through-circulation dryers, (Fig. 2). 
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In any type of convection dryer the heat transfer and hence the drying 
depends primarily upon the surface area of material exposed to the air 
and the velocity of the air over the surfaces (see Dryer Calculations, 
later). 

A general classification of several types of dryers is given in Table 1. 
The chief basis of classification in this table is that of intermittent or 
batch operation as opposed to continuous operation. Another important 
basis of classification would be the method of handling the material to be 
dried. In an effort to secure maximum contact of the air with the prod- 
uct, as well as uniformity of heating, the effectiveness of cascading the 
material in an inclined drum or of blowing heated air through a bed of 
granular or pre-formed material is at once apparent, and where con- 
tinuous drying at high capacity is required, these types are preferred. 
Extensive experimental studies on both types are available, (see 
References). 

Simple drying ovens are often used for drying smaller quantities of 
material. 



The heat and humidity supply for low temperature work up to 250 F 
is often steam; steam coils either in the oven or outside, heat the air used 
for drying. Circulation of heated oil is used to a limited extent, but the 
danger of leaks is serious, for if the oil is hotter than the flash point, a 
fire may start if the oil is released to the atmosphere. In many cases where 
steam is not available, direct or indirect-fired heaters are used with gas or 
oil as fuel. Indirect heaters should be carefully selected from a standpoint 
of long life and efficiency. The heat exchange surface should be adequate 
in area and easily accessible for cleaning and removal. For extremely 
high temperatures, alloy surface may be used. With direct-fired equip- 
ment care must be used in the selection of burners and sufficient com- 
bustion space allowed to insure complete combustion of fuel. Humidity 
can be obtained in dryers by the use of steam spray, humidifiers, or 
recirculation. 

For low temperature work up to 200 F ovens and dryers are commonly 
built of two thicknesses of insulating board (fireproof preferred), with air 
space between. As the temperature increases materials better able to 
withstand the heat must be used. Metal lined ovens are easy to keep 
clean, and many high temperature dryers up to 1000 F are made of metal 
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panels with insulation between. Care should be taken to avoid through 
metal (metal extending through the oven wall from inside to out). Batch 
type ovens are entirely clos^ while in use and control of air leakage is 
easily taken care of. In the continuous dryer where the ends are open, 
heat and air leakage becomes important. Warm air leaking out of the 
ends of ovens means a heat loss, and often the temperature and humidity 
outside the oven becomes unbearable. For this reason, inclined or bottom 
entry ovens are used, as the warm air leakage can be more easily con- 
trolled. See Figs. 3 and 4. 

MECHANISM OF DRYING 

The modem theory of drying may be summed up as follows : Assuming 
uniform velocity and distribution of air at a constant temperature and 



humidity over the surface to be dried, the drying cycle will be divided into 
two distinct stages: 

1. Constant rate period. 

2. Falling rate period. 

The constant rate period occurs while the material being dried is still 
very wet, and continues as long as the water in the material comes to the 
surface so rapidly that the surface remains thoroughly wet, and evapora- 
tion proceeds at a constant rate, precisely as from a free water surface. 
The material tends to assume a temperature corresponding to the wet- 
bulb temperature of the surrounding air. But the actual temperature is 
often slightly higher, due to radiation and conduction from dry surfaces 
adjoining the material. The constant rate period continues until a tinie 
is reached when the moisture no longer comes to the surface ^ fast as it is 
evaporated- This point is called the critical moisture content in the drying 
process. 

As the drying proceeds, a period of uniform falling rate is entered. 
During this period, the surface of the material is gradually dr 5 dng out, and 
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the rate of drying falls as the remaining wet surface decreases in area. 
This period is also known as unsaturated surface drying. 

As drying continues, the surface is completely dry and the water from 
the interior evaporates and comes through the surface as vapor. As the 
plane of water recedes, the diffusion of the vapor becomes more difficult 
and hence the period is known as varying falling rate period ^ or sub-surface 
drying. 

Drying ceases when the equilibrium moisture content has been reached. 
The final moisture content of the product depends on the relative humidity 
of the air in contact with it. Equilibrium is established when the vapor 
pressure of the moisture in the air and the vapor pressure of the moisture 

Table 2. Factors Influencing Drying 


FicroB 

Dbting Pbbioi) 

Constant Bate, Unsaturated Surface 

Sub-Surface 

Temperature 

Increase in temperature increases 
drying rate 

Increase in temperature in- 
creases drying rate, because 
with decreased viscosity, capil- 
lary flow is increased. 

Humidity 

Drying rate increases as humidity 
is decreased 

No effect until equilibrium con- 
tent is reached; drying then 
ceases 

Air Velocity 

Drying rate varies approximately as 
the 0.6 power of the velocity 

No effect 

Air Direction 

Drying rate increases, the more 
nearly the air blows perpendicular 
to surface; for dead air film becomes 
thinner 

No effect 

Thickness of 
Material 

Drying rate is not affected by the 
thickness 

Drying rate varies inversely as 
the square of the thickness 


in the material are equal. The equilibrium moisture content varies with 
the hygroscopic properties of the material, (see table of Regain of Hygro- 
scopic Materials, Chapter 39). 

The drying of a slab of whiting is shown in Fig. 5 and illustrates the 
principles referred to previously. The factors affecting the variations of 
drying rates during the periods mentioned are outlined in Table 2. 

Omissions in the Cycle 

Many solids, such as lumber, are so dry at the beginning of the drying 
operation that the constant rate period of free surface evaporation does 
not occur. Frequently the surface of the material is dry enough so that 
no surface drying can take place, in which case only the final stage of sub- 
surface drying is involved. In other instances, the critical moisture con- 
tent of a wet solid is sufficiently low that sub-surface drying starts almost 
immediately after the conclusion of the constant rate period. Thus the 
intermediate state of unsaturated surface drying does not occur and the 
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drying is of the sub-surface type during practically the whole of the 
falling rate period. With other lands of material, particularly thin sheets, 
su<± as newsprint paper, sub-surface drying may occur at such a low 
moisture content that it is not encountered in commercial work, the 
falling rate period being confined solely in practice, to unsaturated surface 
drying. 


GENERAL RULES FOR DRYING 

Temperalxire 

The highest temperature possible should be used because of faster 
drying and smaller requirements for ventilation. The amount of moisture 
that can be carried by a pound of air increases rapidly with rise in tem- 
perature as shown in the humidity chart of Fig. 6. Too high a tempera- 
ture may (^use spoilage of materials; many materials calcine or change 
their chemical properties if heated too hot; gypsum and glauber salts lose 
some of the chemically combined water, fall apart, and change their 
chemical properties. Too high or rapid rise in temperatures in drying 
lumber or ceramics may create a liquid vapor tension within the material 
so high that the cells explode, causing permanent injury to the fiber. If 
too high a temperature is used on some chemicals, they begin to react 
exothermally; a temperature rise and chemical action from within will 
bum the materials, e.g., bakelite products, gunpowder, etc. During the 
constant rate period of drying, the materi^ heats only to the wet-bulb 
temperature of the surrounding air, consequently high temperatures will 
not injure the material in this stage. 

Humidity 

Moisture in the drying air may be very important. Many materials 
tend to case-harden, dry on the outside, forming a skin which retards the 
moisture flow from the inside to the surface, or stops it completely, and so 
increases the drying time very much or causes a change of the physical 
properties of the material. It is often necessary to add humidily to the 
air in the initial stage of drying. Lumber case-hardens, cracks, and 
warps if the outside is dried too fast. Ceramics crack if not heated through 
before drying commences. Elastic materials warp while others crack if 
not evenly dried. Many paints case-harden if not dried under high 
humidity. 

On the other hand, in the case of those materials whose physical or 
chemical properties require that they be dried at relatively low tem- 
peratures, high humidity tends to retard drying in the first stage and may 
even stop it altogether in the final st£^e. Where d^ng temperatures 
below 120 to 140 F are used, the drying rate may be highly dependent on 
atmospheric humidity conditions. In such instances it is often desirable 
to dehumidify the air entering the dryefr during periods of high atmos- 
pheric humidity; where a high degree of imiformity is required, it is often 
possible to secure complete independence of atoospheric conditions by 
recirculating the air in a closed system which includes a suitable dehu- 
midifier. For this purpose absorptive dehumidifying systems have the 
advantage of accomplishing the desired reduction of humidity without 
appreciably elevating or lowering the dry-bulb temperature of the air; 
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for this reason after-cooling is not required, and reheating is reduced to a 
minimum. Complete descriptions of such dehumidifying systems are 
given in Chapter 24 on cooling and dehumidification methods. 

Air Circulation 

As noted under Mechanism of Drying, air velocity is more important 
in the first two stages of drying than in the last, and for this reason zone 
drying in continuous dryers is frequently considered. It permits accurate 
regulation of temperature, humidity, and velocity in the different zones. 
High velocity results in more rapid drying, more even distribution of 
temperature and consequently more even drying in the first period. Too 
high a velocity may be detrimental because of excessive power needed for 
creating it, or because the material may blow away if it is light and fluffy. 
In the drying of paints, varnishes, and enamels, high velocity or improper 
distribution of the air even with the use of filters, may cause dust already 
in the dryer to be blown against the material, ruining the finish. 

DRYER CALCULATIONS 

The fundamental calculations for the design and performance of dryers 
are based on the thermodynamics of air and water mixtures treated in 
Chapter 1, and the fundamentals of heat transfer treated in Chapter 3. 
For the humidity calculations a high-temperature psychrometric chart is 
given in Fig. 6. In addition to the fundamental heat transfer calculations 
of radiation, conduction and convection, the heat losses through the walls 
of the dryer will be computed by the methods illustrated in Chapter 4 and 
Chapter 32. Additional data on radiation calculations are given in 
Chapter 45. 

Where products of combustion are used directly in a dryer, a knowledge 
of the properties of fuels and combustion products is important. Data 
on fuels and combustion are given in Chapter 8. For determining the 
heat available in products of combustion, a specific heat of 0.25 Btu per 
pound per degree Fahrenheit may be used. 

The calculations for drying during the constant-rate period are different 
from those applying to the falling-rate period. 

Constant-Rate Period 

The rate of drying by air passing over a wet surface is directly pro- 
portional to the vapor pressure difference, and also proportional to the 


Table 3. Critical Moisture Content for Various Materials^ 


Material 

Crttzcal Moisture 

Content, Per Cent 

SgnH 

3 to 20 

Clay I SoU* pigrrif^nts. 

5 to 40 

Paper booV mnt'iaH . 

30 to 40 

Paper newsprint - - ............ 

60 to 70 

Paper pulp and. pulp-boards (waUboaTd) r - , , — - 

75 to 150 

T AatliAr ' ^ — 

90 to 120 



aThe critical moisture content is expressed as wdght of water in per cent of weight of dry material. 
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0.8 power of the air velocity. For practical calculations the wet surface 
is assumed to attain the wet-bulb temperature of the air passing over it, 
and evaporation takes place at constant rate under equilibrium condi- 
tions. The equation may then be expressed in three forms: 


R = CA V»-» (AP) 

(1) 

R = a A F «•» (AH) 

(2) 

R = C" A V «•« (AD 

(3) 


where 

R = rate of drying during constant-rate period, pounds of moisture per hour. 

A — area of bed or material in contact with air, square feet. 

V = air velocity over material, feet per minute. 

AP = difference between vapor pressure at wet-bulb (surface) temperature 
and at dew-point of air. 

Ajff = difference between humidity ratio of saturated air, at the surface 
temperature, and the actual humidity ratio of the air stream, pounds 
of water per pound of dry air. 

AP = difference between dry-bulb and wet-bulb temperatures of air, i.e,y the 
wet-bulb depression. 

C, C\ C** = proportionality constants (for numerical values consult references). 

These equations are useful mainly for computing the effects of changes 
in operating conditions, such as changes in air velocity, air temperature, 
humidity and surface area. The equations assume that the material is in 
equilibrium at the wet-bulb temperature of the air. If equilibrium has 
not been reached, or if heat is being added to the charge by radiation or 
conduction, such conditions must be taken into account. For large tray 
dryers or continuous surfaces, the logarithmic mean difference should be 
substituted for the simple difference in AP, AiP and AP, 

When the constant of proportionality is known for a given set of con- 
ditions, Equations 1, 2 or 3 may be applied for basic design, as illustrated 
in Example L 

Example 1, Compute the rate of drying of a granular material initially 35 per cent 
moisture (dry basis), if the material is spread in trays and is to be dried by blowing air 
horizontally over the surface at 1000 fpm. The air is 140 F dry-bulb, 90 F wet-bulb. 
Density of the dry material is 85 lb per cubic foot, and the drying constant 0\ in 
Equation 3, has b^n found to be about 1/25,000. Find the size of dryer for a capacity 
of one ton per hour (dry basis), and the time required for drying each batch from 35 
to 10 per cent moisture content, if the material is spread in trays, in a layer one inch 
thick. (The criticcil moisture content of the material is below 10 per cent, hence the 
drying is at constant rate.) 

Solution: Assume that the surface of the material attains the wet-bulb temperature 
of the air, then AP = 140 — 90 = 50 F. The rate of drying by Equation 3 is; 


P s= F®-® AP = = 0.50 lb of water per hour per square foot of surface. 

25,000 

The total water evaporated per square foot of surface is: 

PT - -jI (0.35 - 0.10) = 1.77 lb (per batch). 

Then the time required per batch is: 



3.54 hr. 
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The size of dryer required to dry the material at the rate of one ton of dried material 
per operating hour will be: 

A = — = 1000 sq ft, total area of trays. 

Falling-Rate Period 

The critical moisture content marks the end of the constant rate period 
and the beginning of the falling-rate period. This falling rate may be due 
to the fact that the surface is no longer completely wetted, or it may result 
from a condition in which the moisture cannot reach the surface as fast 
as it can be evaporated. When this high resistance to capillary flow and 
diffusion is the governing factor in the drying process, the time of drying 
increases rapidly with the thickness of the material. During constant- 
rate drying the time required is directly proportional to the thickness of 
the bed (see Example 1), while the time required for drying during the 
falling-rate period is often proportional to the square of the thickness of 
the material. 

Actual calculations of drying during the falling-rate period are not 
highly satisfactory because of the number of variables. It has been 
demonstrated empirically that the rate of drying is approximately pro- 
portional to the free water content of the materi^. 

An approximate value of the critical moisture content which marks the 
beginning of the falling-rate period may be obtained from Table 3. 

DESIGN 

In all drying problems, data regarding temperatures, time, and hu- 
midity must be obtained by experiment or previous experience. Experi- 
ments are best performed at the temperatures, humidities, and velocities 
to be actually used in the full sized dryer, and with full size samples. 

The following nomenclature and explanation of terms will be used in 
the discussion of design calculations: 

E = humidity ratio of air, pounds of water vapor per pound of dry air. 

G = pounds of dry air supplied to the dryer per' unit of time. 

S = pounds of stock dried per imit of time in a continuous dryer. 

5* = pounds of stock charged per batch to a discontinuous dryer. 

0 = time. 

Q = total heat supplied to the dryer. 

t — air temperature. 

= stock temperature. 

= average stock temperature over short time interval, in a batch dryer. 

Ut = wet-bulb temperature. 

5* = specific heat of the stock. 

B = total radiation and conduction losses per unit time. 

w = pounds of water per pound of dry stock. 

r = heat of evaporation of water. 

5 = humid heat of air, i.c., heat necessary to raise 1 lb of dry air -f H lb of steam 
IF. 

Subscript (1) designates conditions at the point where the material in question (air 
or stock) enters, and (2) where it leaves the dryer. 
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Air dryers may be divided into two classes, those in which all moisture 
evaporated from the stock leaves the dryer as vapor in the effluent air, and 
those in which part or all of the moisture is condensed from the air in the 
drying equipment itself. In any continuously operating dryer of the first 
type the relation between moisture content of the stock and quantity of 
air required for the drying operation is given by the equation : 


G (H, - Hi) = S{wi - w^) (4) 

In discontinuous dryers, e.g., compartment dryers, the drying operation 
is given by the equation: 

G (Ht - ffi) = 5' ^ (4a) 

In the continuous dryer, the heat consumption per unit time is: 

= Gsiik - h) + Girt + fe - <■«) (Hr - m) + S(t\ - t\) (s' + wi) + B (5) 

Equation 5 assumes continuity of operation. For charge or batch 
operations, the total time of the drying cycle may be broken up into a 
number of periods, sufficiently short so that over each period average 
values of t, i and i? may be employed provided the third term of the 
right hand member of the equation is modified to read : 

S’ (i"2 - ^»i) ( 5 ’ - wi) 


and in the second term be replaced by 

t\ + 1^\ 

2 

Theoretically these periods should be very short and the equation 
integrated. Practically the error introduced by using a small number of 
long periods and employing average values of the variables over each, 
rarely introduces serious error. The evaluation of Equation 4a may be 
approximated in a similar manner. 

The first term of the right hand member of Equation 5 represents heat 
lost as sensible heat in the effluent air. In many drying operations this 
becomes excessive. Each pound of air supplied should remove the maxi- 
mum amount of moisture. This is best accomplished by bringing the air 
into contact with the stock with sufficient intimacy so that the air leaving 
the dryer is saturated, or nearly so. Counter-current as against parallel 
flow of air and stock gives rise to optimum operating conditions, resulting 
in a minimum quantity of air required (G), and a corresponding minimum 
loss, as sensible heat, in the exit air. Similarly, continuous operation is 
superior to intermittent operation- 

Despite the fact that the sensible heat loss increases with the rise 
in temperature of the air, the percentage of heat lost from this source 
decreases, provided the increase in moisture carrying capacity of the air, 
due to high temperature, is actually utilized. To secure maximum 
thermal efficiency in drying, a high drying temperature and high satura- 
tion of the outlet air are imperative. 
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Ventilation Phase 

The technique of attack of the ventilation phase of a drying problem is 
best made clear by an illustration. Assume that a material containing 
40 per cent moisture is to be dried until this quantity of moisture is 
reduced to 5 per cent by weight. The material will stand an air tempera- 
ture of 150 F and it is possible to provide sufficiently good contact 
between the material and the drying air so that the effluent air can be 
brought up to 50 per cent humidity at 150 F. The dryer is to use room 
air, the temperature and humidity of which may be assumed to average 
70 F and 50 per cent. A counter-current dryer will be employed and the 
air in this dryer will be kept at a substantially constant temperature of 
150 F by heaters thermostatically controlled. The stock enters at 70 F, 
rises quickly to the wet-bulb temperature of the air, with which it is in 
contact, and^ is found experimentally to maintain wet-bulb temperature 
until the moisture content has fallen to 20 per cent. From this point its 


Hf0.p234. 
0.008 

W2«0.0527 



W2«0.6e B7 


W-POUNDS OF WATER PER POUND DRY STOCK 
Fig. 7. Temperature HuMmixy Relations in a Dryer 


temperature rises progressively as it dries. In this range the difference in 
temperature between stock and air, divided by the wet-bulb depression, 
may be assumed proportional to the moisture content. 

The moisture content of the entering stock, in the units here employed, 
is: 


_ 40 per cent water _ ^ 0007 * = 5 per cent water 

60 per cent dry stock * ' * 95 per cent dry stock 


0.0527 


Wi — wj = A = 0.614 lb water evaporated per pound of dry stock. Since the air 
leaving the dryer is 50 per cent saturated at 150 F from Fig. 6 , Ha — 0.105. Similarly, 
Hi — 0.008, corresponding to 50 per cent humidity at 70 F. Consequently Ha — Hit = 
A H = 0.097 lb water evaporated per pound dry sur. 


An analysis of Equation 4 shows that {H) is linear in w. Hence, one 
can construct on Fig. 7, the line marked {H) being drawn connecting the 
initial and final points just computed. 

Since the air leaving the dryer has a temperature of 150 F and a 
humidity of 0.105, Fig. 6 shows that its wet-bulb temperature is 129 F. 
This is plotted at Ae right hand side of Fig. 7. Since the stock maintains 
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a wet-bulb temperature down to 20 per cent moisture, where w = 0.25, 
the corresponding humidity can be computed by the use of Equation 4 
or by reading directly from the diagram, the value being 0.0392. Fig. 6 
shows that the corresponding wet-bulb temperature is 105 F. Any 
intermediate point on the wet-bulb temperature curve can be calculated 
similarly. The points for w == 0.5 are shown in Fig. 7. 

Below the point, w = 0.25, the temperature of the stock begins to rise 
appreciably above the wet-bulb temperature. Its temperature at any 
given point in this range, for example at le; = 0.15, may be computed as 
follows: At this point, H = 0.0234 (from Equation 4) and from Fig. 6, 
Ao == 95 F. Hence the wet-bulb depression, t — tw ^ 150 — 95 = 55 F. 
The assumption made regarding the relation between stock temperature 
and moisture content in Siis range may be formulated: 

A _ w 
t - tw ^ 0.25 

At the point w = 0.15, At' ~ 33 F, t' — 117 F. The temperature of the 
stock leaving the dryer, similarly computed, is 136 F. 



Fig. 7 thus computed gives in graphical form the information as to the 
temperature humidity relationships in the dryer. The air requirements 
can be computed by Equation 4. Thus, per 100 lb of dry stock, it is 
necessary to supply 633 lb of dry air. Furthermore, since from Fig. 6 
it is seen that the volume of 50 per cent saturated air at 70 F, is 13.55 cu ft 
per pound; 8580 cu ft of room air must be supplied per 100 lb dry stock. 
Similarly, since the volume of 50 per cent saturated air at 150 F is 18.0 
cu ft per pound, the volume of hot wet air discharged from the dryer is 
11,400 cu ft per 100 lb of dry stock. Finally, the heat necessary to supply 
to the dryer, as a whole, or to any section of it, may be computed from 
Equation 5. 

High Temperature Dryer 

In the design of a high temperature dryer unit a method of approach 
to the necessary calculations involved is outlined as follows: 

Example 2. Cores 4 and 5 in. thick are to be dried by heating to a temperature at 
400 F. An intermittent type box oven is to be used, size 12 x 14 x 10 ft with 856 sq ft 
surface having an average heat transfer of 0.3 Btu per square foot per degree per hour. 
Drying time as determined by test is 2 hr (Fig. 8). Cores weighing 6 tons, and l^ton 
steel plates, trucks etc. are delivered to the dtyer at 70 F. The oven is heated by an 
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Vent 33^ per cent it 422 F 
/ Recirculation 66| per ceirt 


15 lb product of perfect 
combusbon per pound fuel 


Excess air for combustion 
X lb at 70 F 


Fig. 9. Core Drying Diagram of Combustion Products and Air 


external heater; the products of combustion and 66% per cent recirculated air will be 
delivered to the oven at 825 F. Fuel oil of 19,980 Btu gross and 18,830 Btu per pound 
net heating value, weighing 6.75 lb per gallon and having 15 lb product per pound fuel 
for perfect combustion. Cores consist of 91 per cent sand, 3 per cent oil binder, and 
6 per cent water. 

Solution, Heat required per ton of cores: 

Lb Material X Temp. Rise X Sp. Ht. == Btu 

Sand 0.91 X 2,000 X (400 - 70) X 0.2 = 120,120 

Binder. 0.03 X 2,000 X (400 - 70) X 0.4 = 7,920 

Water heating. 0.06 X 2,000 X (212 - 70) X 1.0 = 17,040 

Water evaporation 0.06 X 2,000 X 970 (Fig. 6) = 116,520 

Water superheating (approx. 50 per cent reaches 575 F) 

= 0.5 X 0.06 X 2,000 X (575 - 212) X 0.45 - 9,800 


Total Heat 

Heat in 1 lb fuel oil = 

Heater Loss (10 per cent) — 18< 

Duct Loss (5 per cent) = 9- 


271,400 Btu 
18,830 Btu 

2,825 Btu 
16,005 Btu 


Btu available to heat oven 16,005 Btu 

Heat content of gases in 1 lb fuel oil at 825 F is 205 Btu 

Sensible heat in products of perfect combustion = (15 Ib -p 205) = 3,075 Btu 
Btu to heat air X and Y (Fig. 9). — 12,930 Btu 

Y (5825 - 5422 ) + X (5826 - 570 ) = 12,930 (6) 

y = 2 (X + 15) for 66.7 per cent recirculation 

where 

S = heat content of air at temperature noted taken from Fig. 6. 

(Recirculation and exhaust contains water vapor, products of combustion, and a 
greater portion of air. Heat capacities of all vary so little that they have all been 
assumed to be air). 

Sasi — =* 190 “91 *■ 99 

Sm - ^70 = 190 “ 8.6 =« 181.4 

Substituting values of F, H, etc. in Equation 6, 

(2 X + 30) 99 + 181.4 X « 12,930 
X — 26.3 lb excess air. 

F = 82.6 lb recirculating air. 


Total = 26.3 + 82.6 + 15 
pound fuel burned. 


123.9 lb air and products of combustion circulated per 
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Heat in air exhausted from oven at 422 F per pound fuel burned ~ 0.333 X 123.9 
X (5422 - 57 o) = 41.3 (91 - 8.6) = 3,400 Btu. 

Btu available for heating material = 16,005 — 3,400 = 12,605 Btu per pound fuel. 

Fuel used in first hour = 2,180,470 12,605 = 173 lb = 25.6 gal. 

During the second hour the heater capacity will be much greater than required. If 
an automatic oven temperature control operates on the oil supply, the delivery teni- 
perature of the air entering the oven and the quantity of oil burned will decrease, the air 
supply being constant. 

Heat in air exhausted — 41.3 (5*78 — ^to) = 41.3 (127 — 8.6) — 4,880 Btu per pound 
fuel. 

Heat available for heating material = 16,005 — 4,880 = 11,125 Btu. 

Fuel used in second hour = 1,072,008 -5- 11,125 = 96.5 lb oil = 14.3 gal. 

Total oil used per load = 25.6 + 14.3 = 39.9 gal. 

Heating Load First Hour 


Total Per Ton 156,346 


For 6 ton 6 X 156,346 = 938,076 

Steel plates 390 F 320 X 30,000 X 0.12 = 1,152,000 

Radiation^ 422 F Avg 352 X 856 X 0.30 = 90,394 


Total 2,180,470 


Sand 


Binder^ 212 F 

Water. 212 F 

Evaporation 66.7% 

Superheat 66.7% 


Btu 


m ^ '20-^20 

- 

51,688 

II X 7,920 


3,408 


17,040 

0.667 X 116,520 


77,680 

0.667 X 9,800 


6,530 


Heating Load Second Hour 


Sand 400 F ^ X 120,120 - 68,432 

1 QQ 

Bindera 400 F 7,920 - 4,512 

Water. 

Evaporation 33.3% 0.333 X 116,520 = 38,840 

Superheat 33.3% 0.333 X 9,800 = 3.270 


Total Per Ton. 115,054 


For 6 ton 6 X 115,054 = 690,324 

Steel plates 460 70 X 30,000 X 0.12 = 252,000 

Radiationb 575 505 X 856 X 0.30 = 129,684 


Total 1,072,008 

■Binder oxidizes and liberates beat, which is ne^ected in this caicuiation. 


hAvetage value of coefficient is less than OB because oven is not up to 575 F. This is neglected. 422 F 
is arrived at bv taking area under curve as compared to area under 575 F ordinate. 
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ESTIMATING METHODS 

Values based on practical experience are available for rough estimating 
of drying problems. The temperature will drop approximately 8.5 F per 
grain of water evaporated per cubic foot of air (measured at 70 F) or 
approximately 0.62 F per pound of air at any temperature. Air will drop 
55 F per cubic foot for each Btu extracted. Generally air will absorb 
from 2 grains to 5 grains per cubic foot of air in one passage through an 
air dryer, depending on the temperature and the degree of contact with 
the material. The amount of steam required to evaporate a pound of 
water will vary from 1.5 lb to a more usual figure of from 2.5 to 3 lb of 
steam per pound of water evaporated. 
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CHAPTER 42 


^aiurai \lentiiation 


Wind Forces, Stack Effect, Openings, Windows, Doors, 
Skylights, Roof Ventilators, Steeles, Principles of Control, 
General Rules, Measurements, Dairy Barn Ventilation, 
Garage Ventilation 


V ENTILATION by natural forces finds application in industrial 
plants, public buildings, schools, dwellings, garages, and in farm 
buildings. 

The natural forces available for moving air into, through and out of 
buildings are: {a) wind forces, and {h) the difference in temperature 
between the air inside and outside a building. The air movement may 
be caused by either of these forces acting alone or by a combination of the 
two, depending upon atmospheric conditions, building design and loca- 
tion. The ventilating results obtained will vary, from time to time, due 
to variation in the velocity and direction of the wind and the heat gener- 
ated in the building. The arrangement, location, and control of the 
ventilating openings should be such that the two forces act cooperatively 
rather than in opposition. 


WIND FORCES 

In considering the use of natural wind forces for producing ventilation, 
account must be taken of: (1) average wind velocity, (2) prevailing wind 
direction, (3) seasonal and daily variations in velocity and direction, and 
(4) local wind interference by nearby buildings, hills or other obstructions 
of similar nature. 

Values are given in Table 1, Chapter 7 for the average summer wind 
velocities and the prevailing wind directions in various localities through- 
out the United States, while Table 3, Chapter 6, lists similar values for 
the winter. In almost all localities the summer wind velocities are lower 
than those in the winter, and in about two-thirds of the localities the 
prevailing direction is different during the summer and .winter. While the 
tables give no average velocities below 5 mph, there will be times when 
the velocity is lower, even in localities where the seasonal average is con- 
siderably above 5 mph. There are relatively few places where the velocity 
falls below one half of the average for many hours per month. Con- 
sequently, if the natural ventilating system is designed for wind velocities 
of one-half of the average seasonal velocity, it should prove satisfactory in 
edmost every case. 
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Equation 1 may be used for calculating the quantity^ of air forced 
through ventilation openings by the wind, or for determining the proper 
size of such openings to produce given results : 

Q^EAV (1) 

where 

Q — air flow, cubic feet per minute. 

A = free area of inlet openings, square feet, 

V ~ wind velocity, feet per minute, *= miles per hour X 88. 

E = effectiveness of openings. (£ should be taken at 0.50 to 0.60 for perpendicular 
winds and 0.25 to 0.35 for diagonal winds^.X 

The accuracy of the results obtained by the use of Equation 1 depends 
upon the placing of the openings, as the formula assumes that ventilating 
openings have a flow coefEcient slightly greater than that of a square- 
edged orifice. If the openings are not advantageously placed with respect 
to the wind, the flow per unit area of the openings will be less and, if 
unusually well placed, the flow will be slightly more than that given by 
the formula. Inlets should be placed to face directly into the prevailing 
wind, while outlets should be placed in one of the five places listed: 

1. On the side of the building directly opposite the direction of the prevailing wind. 

2. On the roof in the low pressure area caused by the jump of the wind (see Fig. 1), 

3. On the sides adjacent to the windward face where low pressure areas occur. 

4. In a monitor on the side opposite from the wind. 

5. In roof ventilators or stacks. 

TEMPERATURE DIFFERENCE FORCES^ 

The stack effect produced within a building when the outdoor tem- 
perature is lower is due to the difference in weight of the warm column 
of air within the building and the cooler air outside. The flow due to 
stack effect is proportional to the square root of the draft head, or 
approximately: 

e = 9.4 ^ y J? (< - <o) (2) 

where 

Q = air flow, cubic feet per minute. 

A = free area of inlets or outlets (assumed equal), square feet. 

H — height from inlets to outlets, feet. 
t “ average temperature of indoor air in height iT, degrees Fahrenheit. 
to = temperature of outdoor air, degrees Fahrenheit. 

9.4 ~ constent of proportionality, including a value of 65 per cent for effectiveness of 
openings. This should be reduced to 50 per cent (constant = 7.2) if conditions 
are not favorable. 


HEAT REMOVAL 

In problems of heat removal, knowing the amount of heat to be re- 
moved and having selected a desirable temperature difference, the amount 


_ ^Predetermining Airation of Industrial Buildings, by W. C. Randall and E. W. Conover (A.S.H.V.E. 
Transactions, Vol. 37, 1931, p. 605). 

“Neutral Zone in Ventilation, by J. E. Emswiler (A.S.H.V.E Transactions, Vol. 32, 1926, p. 69), 
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of air to be passed through the building per minute to maintain this tem- 
perature difference can be determined by means of Equation 3. 

H = 0.0175 Q(t ^ to) (3) 

where 

H = heat removed, Btu per minute. 

Q ~ air flow, cubic feet per minute. 

inside-outside temperature difference, degrees Fahrenheit. 



Fig. 1. The Jump of Wind from Windward Face of Building. (A — Length of 
Suction Area; B — Point of Maximum Intensity of Suction; 

C— Point of Maximum Pressure) 

EFFECT OF UNEQUAL OPENINGS 

The largest flow per unit area of openings is obtained when inlets and 
outlets are equal, abd the equations given previously are based on this 
condition. Increasing outlets over inlets, or vice-versa, will increase the 
air flow, but not in proportion to the added area. When solving problems 
having an unequal distribution of openings, use the smaller area, either 
inlet or outlet, in the equations and add the increase as determined from 
Fig. 2. 
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COMBINED FORCES OF WIND AND TEMPERATURE 

Equations for determining the air flow due to temperature difference 
and wind have already been given. It must be remembered that when 
both forces are acting together, even without interference, the resulting 
air flow is not equal to die sum of the two estimated quantities. The 
flow through any opening is proportional to the square root of the sum 
of the forces acting on that opening. 

When the two forces are about equal in intensity and the ventilating 
openings are operated so as to coordinate them, the total air flow through 
the building is about 10 per cent greater than that produced by either 
force acting independently under conditions ideal to that force. This 



Fig. 2. Increase in Flow Caused by Excess of One Opening Over Another 

percentage decreases rapidly as one force increases over the other and the 
larger force will predominate. 

The wind velocity and direction, the outdoor temperature, or the 
indoor distribution, cannot be predicted with certainty, and refinement 
in calculations is not justified; consequently, a simplified method can be 
used. This may be done by using the equations and calculating the flows 
produced by each force separately under conditions of openings best 
suited for coordination of the forces. Then by determining as a per- 
centage, the ratio of the flow produced by temperature difference to the 
sum of the two flows, the actual flow due to the combined forces can be 
approximated from Fig. 3. 

Example 1. Assume a drop foige shop, 200 ft long, 100 ft wide, and 30 ft high. The 
cubical content is 600,000 cu ft, and the height of the air outlet over that of the inlet is 
30 ft. Oil fuel of 18,000 Btu per pound is used in this shop at the rate of 15 gal per hour 
(7.75 lb per gal). Desired summer temperature difference is 10 F and the prevailing 
wind is 8 mph perpendicular to the long dimension. What is the necessary area for the 
inlets and outlets, and what is the rate of air flow through the building? 
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Solution for Temperature Difference Only, The heat H = 

oU 

34, 875 Btu per minute. 

By Equation 3, the air flow required to remove this heat with an average temperature 
difference of 10 F is: 

H 34,875 ^ non f 

^ ~ 0.0175 (t - to) ~ 0.0175 X 10 ~ ^^^-286 cfm. 


This is equal to about 20 air changes per hour. From Equation 2 the inlet (or outlet) 
opening area should be: 


^ = 

9.4 {t- to) 


199,286 
9.4 yZO X 10 


1224 sq ft. 



Fig. 3. Determination of Flow Caused by Combined Forces of Wind 
AND Temperature Difference 

The flow per square foot of inlet or outlet would be 199,286 1224 = 163 cfm with all 

windows open. 

Solution for Wind Only. With 1,224 sq ft of inlet openings distributed around the 
sidewalls, there would be about 410 sq ft in each long side and 202 sq ft in each end! 
The outlet area will be equally distributed on the two sides of the monitor, or 612 sq ft 
on each side. With the wind perpendicular to the long side, there will be 410 sq ft of 
opening in its path for inflow and 612 in the lee side of the monitor for outflow with the 
windward side closed. The air flow, as calculated by Equation 1, will be: 

Q = 0.60 X 410 X 704 = 173,200 cfm. 

This gives 17.3 air changes per hour, which should be more than ample when there is 
no heat to be removed. 

Solution for Combined Forces, Since the windward side of the monitor is closed when 
the wind is blowing, the flow due to temperature difference must be calculated for this 
condition, using Fig. 2. This chart shows that when inlets are twice the size of the 
outlets, in this case 1,224 sq ft in the sidewalls and 612 sq ft in the monitor, the flow will 
be increased 26.5 per cent over that produced by equal openings. Using the smaller 
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opening and the flow per square foot obtained previously, the calculated amount for this 
condition will be: 

612 X 163 X 1.265 = 126,200 cfm. 

Adding the two computed flows: 

Temperature Difference = 126,200 = 42 per cent. 

Wind = 173,200 = 58 per cent. 

Total 299,400 « 100 per cent. 

From Fig. 3, it is determined that when the flow, due to temperature difference, is 
42 per cent of the total, the actual flow, due to the combined forces, will be about 1.6 
times that calculated for temperature difference alone, or 201,920 cfm. 

The original flow, due to temperature difference alone, was 199,286 cfm with all 
openings in use. The effect of the wund is to increase this to 201,920 cfm even though 
half of the outlets are closed. 

A factor of judgment is necessary in the location of the openings in a 
building, especially those in the roof, where heat, smoke and fumes are 
to be removed. Usually windward monitor openings should be closed, 
but if the wind is low enough for the temperature head to overcome it, 
all windows may be opened. 

TYPES OF OPENINGS 

Types of openings may be classified as: (1) windows, doors, monitor 
openings and skylights, (2) roof ventilators, (3) stacks connecting to 
registers, and (4) specially designed inlet or outlet openings. 

Windows, Doors and Skylights 

Windows have the advantage of transmitting light, as well as providing 
ventilating area when open. Their movable parts are arranged to open 
in various ways; they may open by sliding either vertically or hori- 
zontally, by tilting on horizontal pivots at or near the center, or by 
swinging on pivots at the top, bottom or side. Regardless of their design, 
the air flow per square foot of opening will be the same under the same 
conditions. The type of pivoting should receive consideration from the 
standpoint of weather protection, and certain types may be advantageous 
in controlling the distribution of incoming air. Deflectors are sometimes 
used for the same purpose; and these devices should be considered a part 
of the ventilation system. 

Roof Ventilators 

The function of a roof ventilator is to provide a storm and weather 
proof air outlet. These are actuated by the same forces of wind and 
temperature head, which create flow through other types of openings. 
The capacity of a ventilator depends upon four things: (1) its location 
on the roof, (2) the resistance it and the duct work offers to air flow, (3) 
the height of draft, and (4) the efficiency of the ventilator in utilizing iJie 
kinetic energy of the wind for inducing flow by centrifugal or ejector 
action. 

For maximum flow induction, a ventilator should be located on that 
part of the roof where it will receive the full wind without interference. 
If ventilators are installed within the suction region created by the wind 
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passing over the building, or in a light court, or on a low building between 
two high buildings, their performance will be the same there as for any 
other type of opening of the same area. Their normal ejector action, if 
any, will be of no value in such a location. 

The base of the ventilator should be of a taper-cone design to produce 
the effect of a bell-mouth nozzle whose coefficient of flow is considerably 
higher than that of a square-entrance orifice. If a grille is provided at 
the base, additional resistance is introduced, and it should be increased 
in size accordingly. 

Air inlet openings located at lower levels in the building should be at 
least equal to, and preferably larger than the combined throat areas of 
all roof ventilators. The air discharged by a roof ventilator depends on 
wind velocity and temperature difference, and, in general, their per- 
formance will be the same as any monitor opening located in the same 
place, but due to the four capacity factors already mentioned f no simple 
formula can be devised for expressing ventilator capacity. 

Roof ventilators may be classified as stationary, pivoting or oscillating, 
and rotating. Generally, these have a round throat, but the continuous- 
ridge ventilator, or so-called heat valve, would fall in the stationary 
classification. When selecting roof ventilators, some attention should be 
given to ruggedness of construction, storm proofing features, dampers 
and damper operating mechanisms, possibility of noise, original cost and 
maintenance. 

Natural ventilation units may be used to supplement power-driven 
supply fans, and under favorable weather conditions it may be possible 
to stop the power-driven units. 

Controls 

Gravity ventilators may have dampers controlled by (1) hand, (2) 
thermostat, and (3) wind velocity, in combination with a fan. The 
thermostat station may be located anywhere in the building, or it may be 
located within the ventilator itself. The purpose of wind velocity control 
is to obtain a definite volume of exhaust regardless of the natural forces, 
the fan motor being energized when the natural exhaust capacity falls 
below a certain minimum, and again shut off when the wind velodty rises 
to the point where this minimum volume can be supplied by natural 
forces. 

Stacks 

Stacks or vertical flues are really chimneys and utilize both the in- 
ductive effect of the wind and the force of temperature difference. Like 
the roof ventilator, the stack outlet should be located so that the wind 
may act upon it from any direction. With little or no wind, chimney 
effect depends on temperature difference to produce a removal of air from 
the rooms where the inlet openings are located. 

GENERAL RULES 

A few of the important requirements in addition to those already 
outlined are: 

1. Inlet openings in the building should be well distributed, and should be located on 
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the windward side near the bottom, while outlet openings are located on the leeward side 
near the top. Outside air will then be supplied to the zone to be ventilated. 

2. Inlet openings should not be obstructed by buildings, trees, sign boards, etc., 
outside nor by partitions inside. 

3. ^ Greatest flow per square foot of total opening is obtained by using inlet and outlet 
openings of nearly equal areas. 

4. In the design of window ventilated buildings, where the direction of the wind is 
quite constant and dependable, the orientation of the building together with amount 
and grouping of ventilation openings can be readily arranged to take full advantage of 
the force of the wind. \\Tiere the wind’s direction is quite variable, the openings should 
be arranged in sidewalls and monitors so that, as far as possible, there will be approxi- 
mately equal areas on all sides. Thus, no matter what the wind’s direction, there will 
always be some openings directly exposed to the pressure force and others to a suction 
force, and effective movement through the building will be assured. 

6. Direct short circuits between openings on two sides at a high level may clear the 
air at that level without producing any appreciable ventilation at the level of occupancy. 

6. In order that temperature difference may produce a motive force, there must be 
vertical distance between openings. That is, if there are a number of openings available 
in a building, but all are at the same level, there will be no motive head produced by 
temperature difference, no matter how great that difference might be. 

7. In order that the force of temperature difference may operate to maximum ad- 
vantage, the vertical distance between inlet and outlet openings should be as great as 
possible. Openings in the vicinity of the neutral zone are less effective for ventilation. 

8. In the use of monitors, windows on the windward side should usually be kept 
closed, since, if they are open, the inflow tendency of the wind counteracts the outflow 
tendency of temperature difference. Openings on the leeward side of the monitor result 
in cooperation of wind and temperature diifference. 

9. In an industrial building where furnaces that give off heat and fumes are to be 
installed, it is better to locate them in the end of the building exposed to the prevailing 
wind. The strong suction effect of the wind at the roof near the windward end will then 
cooperate with temperature difference, to provide for the most active and satisfactory 
removal of the heat and gas laden air. 

10. In case it is impossible to locate furnaces in the windward end, that part of the 
building in which they are to be located should be built higher than the rest, so that the 
wind, in splashing therefrom will create a suction. The additional height also increases 
the effect of temperature difference to cooperate with the wind. 

11. The intensity of suction or the vacuum produced by the jump of the wind is 
greatest just back of the building face. The area of suction does not vary with the wind 
velocity, but the flow due to suction is directly proportional to wind velocity. 

12. Openings much larger than the calculated areas are sometimes desirable, especially 
when changes in occupancy are possible, or to provide for extremely hot days. In the 
former case, free openings should be located at the level of occupancy for psydiological 
reasons. 

13. In single story industrial buildings, particularly those covering large areas, natural 
yentilatioh must be accomplished by tafcng air in and out of the roof openings. Openings 
in the pressure zones can be used for inflow and openings in the suction zone, or openings 
in zones of less pressure, can be used for outflow. The ventilation is accomplished by the 
manipulation of openings to get air flow through the zones to be ventilated. 

DAIRY BARN VENTILATION" 

A successful barn ventilating system is one which continuously supplies 
the proper amount of air requir^ by the stock, with proper distribution 
and witihout drafts, and one which removes the excessive heat, moisture, 


•Dairy Bam Ventilation, by F. L. Fairbanks (A.SJI.V.E. Transactions, Vol. 34, 1928, p. 181). Cow 
Bam Ventilation, by Alfred J. Offner (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 149). For additional 
information on this subject refer to Technics BtiUetin, U. 5. Department of Agriculture (1930), by M. A. 
R. Kelley. Also see Air Conditioning of Farm Buildings, by F. L. Fairbanks (AgricvUurdt Engineering, 
November, 1937, p. 486). 
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and odors, and maintains the air at a proper temperature, relative 
humidity, and degree of cleanliness. 

^ Bam temperatures below freezing and above 80 F affect milk produc- 
tion. Milk producing stock should be kept in a barn temperature be- 
tween 45 and 50 F. Dry stock, at reduced feeding, may be kept in a bam 
5 to 10 deg higher. Calf barns are generally kept at 60 F, while hospital 
and maternity bams usually have a temperature of 60 F or somewhat 
higher. 

The heat produced by a cow of an average weight of 1000 lb may be 
taken as 3000 Btu per hour. The average rate of moisture production by 
a cow giving 20 lb of milk per day is 15 lb of water per day, or 4375 grains 
per hour. To set a standard of permissible relative humidity for cow 
bams is difficult. For 45 F an average relative humidity of 80 per cent 
is satisfactory, with 85 per cent as a limit. 

Where the bam volume is within the limit that can be heated by the 
stabled animals, the air supply need not be heated. The air should be 
supplied through or near Ae ceiling. It is better to have the exhaust 
openings near the floor as larger volumes of warm air are then held in the 
bam and there is better temperature control with less likelihood of sudden 
change in bam temperature. 

If a cow weighs 1000 lb and produces 3000 Btu of heat per hour, and if 
a barn for the cow has 600 cu ft of air space with 130 sq ft of builchng 
exposure, one cow will require 2600 to 3550 cu ft per hour of ventilation, 
depending on the temperature zone in which the barn is located. The 
permissible heat losses through the structure, based on one cow and de- 
pending on the temperature zone, vary between 0.043 and 0.066 Btu per 
hour per cubic foot of bam space, and 0.197 to 0.305 Btu per hour per 
square foot of barn exposure. 

GARAGE VENTILATION 

On account of the hazards resulting from carbon monoxide and other 
physiologically harmful or combustible gases or vapors in garages, the 
importance of proper ventilation of these buildings cannot be over- 
emphasized. During the warm months of the year, garages are usually 
ventilated adequately because the doors and windows are kept open. As 
cold weather sets in, more and more of the ventilation openings are closed 
and consequently on extremely cold days the carbon monoxide concentra- 
tion runs high. 

Many garages can be satisfactorily ventilated by natural means par- 
ticularly during the mild weather when doors and windows can be kept 
open. However, the A.S.H.V.E. Code for Heating and Ventilating 
Garages, adopted in 1929 and revised in 1935, states that natural venti- 
lation may be employed for the ventilation of stor^e sections where it is 
practical to maintain open windows or other openings at all times. The 
code specifies that such openings shall be distributed as uniformly as pos- 
sible in at least two outside walls, and that the total area of such openings 
shall be equivalent to at least 5 per cent of the floor area. The code 
further states that where it is impractical to operate such a system of 
natural ventilation, a mechanical system shall be used which shall 
provide for either the supply of 1 cu ft of air per minute from out-of-doors 
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for each square foot of floor area, or for removing the same amount and 
discharging it to the outside as a means of flushing the garaged 

Research 

Research on garage ventilation, undertaken by the A.S.H.V.E. Com- 
mittee on Research at Washington University, St. Louis, Mo., and at the 
University of Kansas, Lawrence, Kans., in cooperation with the A.S.H. 
V.E. Research Laboratory, and at the A.S.H.V.E. Research Laboratory, 
has resulted in authoritative papers on the subject. 

Some of the conclusions from work at the Laboratory are listed in the 
following statements: 

1. Upward ventilation results in a lower concentration of carbon monoxide at the 
breathing line and a lower temperature above the breathing line than does downward 
ventilation, for the same rate of carbon monoxide production, air change and the same 
temperature at the 30-in. level. 

2. A lower rate of air change and a smaller heating load are required with upward 
than with downward ventilation. 

3. In the average case upward ventilation results in a lower concentration of carbon 
monoxide in the occupied portion of a garage than is had with complete mixing of the 
exhaust gases and the air supplied. However, the variations in concentration from 
point to point, together with the possible failure of the advantages of upward ventilation 
to accrue, suggest the basing of garage ventilation on complete mixing and an air change 
suflBcient to dilute the exhaust gases to the allowable concentration of carbon monoxide. 

4. The rate of carbon monoxide production by an idling car is shown to vary from 
25 to 50 cu ft per hour, with an average rate of 35 cu ft per hour. 

5. An air change of 350,000 cuft per hour per idling car is required to keep the carbon 
monoxide concentration down to one part in 10,000 parts of air. 


<Code for Heating and Ventilating Garages (A.S.H.V.E. Traksactions, Vol. 35, 1929, p. 355) , (A.S. 
H.V.E. Reprint, January, 1935). 

Airation Study of Garages by W. C. Randall and L. W. Leonhard (A.S.H.V.E. Transactions, VoI. 36, 
1930, p. 233). 

A.S.H.V.E. Research Report No. 874 — Carbon Monoxide Concentration in Garages, by A.S, I^angs- 
dorf and R- R. Tucker (A.S.H.V.E. Transactions, Vol. 36, 1930, p. 511). 

A,S.H.V.E. Research Report No. 935 — Carbon Monoxide Distribution in Relation to the Ventilation 
of an Underground Ramp Garage, by F. C. Houghten and Paul McDermott (A.S.H.V.E. Transactions, 
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Steam Distribution Piping, Selection of Pipe Sizes, Provision 
for Expansion, Conduits for Piping, Pipe Tunnels, Inside 
Piping, Steam Requirements, Fluid Meters and Metering, 
Rates, Utilization, Automatic Temperature Control 


T hose phases of district heating which frequently fall within the 
province of the heating engineer are outlined here with data and 
information for solving incidental problems in connection with institutions 
and factories. Some data are included to cover the piping peculiar to 
heating systems which are to be supplied with purchased steam. A com- 
plete district heating installation should not be attempted without a 
thorough study of the entire problem by men competent and experienced 
in that industry. 


STEAM DISTRIBUTION PIPING 

The methods used in district heating work for the distribution of steam 
are applicable to any problem involving the supply of steam to a group of 
buildings. The first step is to establish the route of the pipes, and in this 
matter the local conditions so fully control the layout that little can be 
said regarding it. 

Having established the route of the pipes, the next step is to calculate 
the pipe sizes. In district heating work it is common practice to design 
the piping system on the basis of pressure drop. The initial pressure and 
the minimum permissible terminal pressure are specified and the pipe 
sizes are so chosen that the required amount of steam, with suitable 
allowances for future increases, will be transmitted without exceeding 
this pressure drop. The steam velocity is therefore almost disregarded 
and may reach a very high figure. Velocities of 35,000 fpm are not con- 
sidered high. By the use of this method the pipe sizes are kept to a 
minimum with consequent savings in investment. 

The steam flowing through any section of the piping can be computed 
from a study of the requirements of the several buildings served. In 
general a condensation rate of 0.25 lb per hour per square foot of equiva- 
lent heating surface is a safe figure. This allows for line condensation 
which, however, is a small part of the total at times of maximum load. 
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Miscellaneous steam requirements such as laundry, cooking, or process 
should be individually calculated. 

The steam requirements for water heating should be taken into account, 
but in most types of buildings this load will be relatively small compared 
with the heating load and will seldom occur at the time of the heating 
peak. Unusual features such as large heaters for swimming pools should 
not be overlooked. 

The pressure at which the steam is to be distributed will depend upon 
(1) boiler pressure, (2) whether exhaust or live steam, (3) pressure require- 
ments of apparatus to be served. If steam has been passed through 
electrical generating units, the pressure will be considerably lower than if 
live steam, direct from the boilers, is used. 

The advantages of low pressure distribution (2 to 30 lb per square inch) 
are (1) smaller heat loss per square foot of pipe surface, (2) less trouble 
with traps and valves, (3) simpler problems in pressure reduction at the 
buildings, and (4) general reduction in maintenance costs. With distri- 
bution pressures not exceeding 40 lb per square inch there is little danger 
even if the full distribution pressure should build up in the radiators 
through the faulty operation of a reducing valve; but with pressures 
higher than 50 lb per square inch a second reducing valve or some form 
of emergency relief is usually desirable to prevent excessive pressures in 
the radiators. 

The advantages of high pressure distribution are (1) smaller pipe sizes 
and (2) greater adaptability of the steam to various operations other than 
building heating, (3) wider llexibility as to allowance for maximum 
pressure drop. 

The different kinds of apparatus which frequently must be served 
require various minimum pressures. Kitchen equipment requires from 
5 to 15 lb per square inch, th§ higher pressures being necessary for 
apparatus in which water is boiled, such as stock kettles and coffee urns. 
An increased amount of heating surface, which is easily obtained in some 
kinds of apparatus, results in quicker and more satisfactory operation at 
low pressures. For laundry equipment, particularly the mangle, a pres- 
sure of 75 lb per square inch is usually demanded although 30 lb per square 
inch is sufficient if the flat work ironer is equipped with a large number of 
rolls and if a slower rate of operation is permissible. Pressing machines 
and hospital sterilizers require about 50 lb per square' inch. Where 
pressures are not as high as desired higher pressures can be obtained by 
a steam compressor. 


PIPE SIZES 

The lengths of pipe, steam quantities, and initial and terminal pressures 
having been chosen, the pipe sizes can readily be calculated by means of 
Babcock^s pressure drop formula: 

P *. 0.0000000367 ( 1+ ^ 
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where 

P *= loss in pressure in pounds. 

D = inside diameter of pipe in inches. 

L = length of pipe in feet. 

d = weight of 1 cu ft of steam. 

W = pounds of steam per hour. 

Numerical values of the various factors are given in Table 1, Chapter 15. 

CONDUITS FOR PIPING 

Conduits for steam pipes buried underground should be reasonably 
waterproof, able to withstand earth loads and to take care of the expan- 
sion and contraction of the piping without strain or stress on the couplings, 
or without affecting the insulation or conduit. Expansion of the piping 
must be carefully controlled by means of anchors and expansion joints 
or bends so that the pipes can never come in contact with the conduit. 
Anchors can be anchor fittings or U-shaped steel straps which partially 
encircle the pipes and are firmly bolted to a short len^h of structural or 
cast steel set in concrete. In general, cast steel is preferable to struc- 
tural steel. 

In laying out underground conduits the following points should be 
borne in mind: 

1. The depth of the buried conduit should be kept at a minimum. Excavation costs 
are a large factor in the total cost. 

2. An expansion joint, offset, or bend should be placed between each two anchors. 
Advantage should be taken of the flexibility of piping to absorb expansion wherever 
possible. Information on provisions for expansion will be found in Chapter 17. 

3. A proper hydrostatic test should be made on the assembled line before the insula- 
tion and the top of the conduit are applied. The hydrostatic test pressure should be 
one and one-half times the maximum service pressure and it should be held for a period 
of at least two hours without evidence of leakage. 

There are many types of conduits, some of which are manufactured 
products and some of which are built in the field. Some of the more 
common forms are illustrated in Fig. 1. 

The conduit (A) is of a wood casing construction which has been widely 
used in the past. The wood casing is segmented, lined with tin, and 
bound with wire. The outside of the conduit is coated with asphaltum. 
It is not suitable for high temperatures or poorly drained soils. 

In Fig. 1 (B), (C), (D), (H) and (I) are patented forms of conduits. 
The insulation is sometimes a loose filler packed into the conduit. Con- 
duits (H) and (I) are prefabricated. Both of these conduits are enclosed 
in metal jackets. 

At (C) and (E) are shown two tile conduits using sectional insulation. 
In these particular designs the space surrounding the pipe is_ filled par- 
tially or wholly with a loose insulating material. The addition of this 
loose insulating material to die sectional insulation is, of course, optional 
and is justified only where high pressure steam is used. 

(E) and (F) are conduits used by two district heating companies, and 
have the advantage of being constructed of common materials. 
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be protected by a waterproof jacket over the insulation and the seepage 
drained from the inside of the conduit. 

Underdrainage of the conduit is generally provided for by a tile drain 
laid in crushed stone or gravel underneath the conduit. The tile under- 
drain should be carried to the sewer or some other drainage point. 

Manholes are required at intervals for access to valves, traps, and some 
types of expansion joints. 

Expansion of the piping must be carefully controlled by means of 
anchors and expansion joints or bends. Anchors can be anchor fittings 
or U-shaped steel straps which partially encircle the pipe and are firmly 
bolted to a short length of structural or cast steel set in concrete. In 
general, cast steel is preferable to structural steel. 
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Fig. 2. Connections for Reducing Valve Without Bypass 


Where steam and return piping are installed in the same conduit, the 
return piping usually follows the same grade as the steam piping. In 
general, the condensation is pumped back under pressure. 


PIPE TUNNELS 

Where steam heating lines are installed in tunnels large enough to 
provide walking space, the pipes are supported by means of hangers or 
roller frames on brackets or frame racks at the side or sides of the tunnel. 
The pipes are insulated with sectional pipe insulation over which is 
placed a sewed-on, painted canvas jacket or a jacket of asphalt-saturated 
asbestos water-proofing felt. The tunnel itself is usually built of concrete 
or brick and water-proofed on the outside with membrane water-proofing. 

On account of their relatively high first cost as compared with smaller 
conduits, walking tunnels are sometimes not installed where provision for 
the heating lines is the only consideration, but only where they are required 
to accommodate miscellaneous other services or provide underground 
passage between buildings. 



Fig. 3. Connections for Reducing Valve with Bypass 
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OVERHEAD DISTRIBUTION 

In some industrial and institutional applications, the distribution 
piping may be installed, entirely or in part, above ground. This method 
of construction has the advantage of requiring no excavation and being 
easily maintained. 

INSIDE PIPING 

Figs, 2 and 3 show typical service connections used for low pressure 
steam service. 

Fig. 2 shows installation of a reducing valve without a bypass, which 
is usually omitted in the case of smaller size valves. 

Fig. 3 illustrates the use of a reducing valve, with a bypass which is 
generally provided for larger installations. This latter construction 


Pressure reducing valve 



At least 12 feet of pipe 


Pitch 


Customer's 
control valve 


Customer's vrark 
starts here 


Note - All valves, fittings, and traps up to 
and including customer's control 
valve to be at least equal to 
Amencan Standard 175 lb S S P 
Pipe to be standard weight 


Customer's 
pressure 
reducing valve 



Conbnuous flow type 
float trap 


Fig. 4. Steam Supply Connection when Using Two Reducing Valves 


permits the operation of the line in case of failure in the reducing valve. 
Ill the smaller sizes, the reducing valve can be removed, a filler installed, 
and the house valve used to throttle the flow of steam untiFrepairs are 
made. 

Fig. 4 shows a typical installation used for high pressure steam service^. 
The first reducing valve effects the initial pressure reduction. The 
second reducing valve reduces the steam pressure to that required. 

Most district heating companies enforce certain regulations regarding 
the consumer's installation, partly to safeguard their own interests but 
principally to insure satisfactory and economical service to the consumer. 
There are certain fundamental principles that should be followed in the 
design of a building heating system which is to be supplied from street 
mains. Although some of the^ apply to any building, they have been 
demonstrated to be especially important when steam is purchased. 

1, Provision should he made for conveniently shutting off the steam supply at night and at 
other times when heat is not needed. 

It has been thoroughly demonstrated that a considerable amount of heat can be 
saved by shutting off steam at night. Although there is, in some cases, an increased 


^Code for Pressure Piping, B 31-1, 1942, American Standards Association, Paragraph 408, p. 115. 

766 



CHAPTER 43. DISTRICT HEATING 


consumption of heat when steam is again turned on in the morning, there is a large net 
saving which may be explained by the fact that the lower inside temperature maintained 
during the night obviously results in lower heat loss from the building, and less heat need 
therefore be supplied. 

^ Steam can be entirely shut off at night in most buildings even in very cold weather 
without endangering plumbing. It is necessa^, however, to have an ample amount of 
heating surface so that the building can be quicldy warm^ in the morning. Where the 
hours of occupancy differ in various parts of the building, it is good practice to install 
separate supply pipes to the different parts. For example, in an office building with 
stores or restaurants on the first floor which are open in the evening, a separate main 



Fig. 5. Method of Installing a Water Heater and Economizer in a 
Gravity Heating System 


suppl 5 dng the first floor will permit the steam to be shut off from the remainder of the 
building in the late afternoon. The division of the building into zones each with a 
separately controlled heat supply is sometimes desirable, as it permits the heat to^^be 
adjusted according to variations in sunshine and wind. 

Residual heat in the condensate should be salvaged. 

This heat may be salvaged by means of a cooling coil, or as is more frequently done, 
by a water heating economizer (see Fig. 5) which preheats the hot water supply to the 
building. 

The condensation from the heating system, after leaving the trap, passes through the 
economizer. The supply to the hot water heater passes through the economizer, ab- 
sorbing heat from the condensate. If the hot water system in the building is of the 
redrculating type, the recirculating connection should be tied in between the economizer 
and the water heater proper, not at the economizer inlet,^because the recirculated hot 
water is itself at a high temperature. 

Because of the lack of coincidence between the heating system load and the hot water 
demand, a greater amount of heat can be extracted from the condensate if storage capa- 
city is provided for the preheated water. Frequently a type of economizer is used in 
which the coils are submerged in a storage tank. 

S. Ueat supply should he graduated 'according to variations in the outside temperature. 

The mayinmim in economical operation and satisfactory heating can only be obtained 
by the use of some automatic temperature control system. 
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FLUID METERS 

The perfection of fluid meters has contributed as much to the advance- 
ment of district heating as any other one thing. Meters are classified 
into two groups: Quantity Meters and Rate of Flow Meters. 

Quantity Meters 

The one type of quantity meter used is the condensation meter, which 
may be of the tilting bucket or revolvmg drum type. 

The condensation meter is a popular type for use on small and, medium 
sized installations, where all the condensate can be brought to a common 



Fig. 6. Gravity Installation for Condensation Meter 
Using Vented Receivers 


point for metering purposes. Its simplicity of design, ease in testing, 
accuracy at all loads, low cost, and adaptability to low pressure distribu- 
tion has made it standard equipment with many heating companies. 

Condensation meters should not be operated under pressure; they are 
made for either gravity or vacuum installations. Where bucket traps 
are used, a vented receiver is essential ahead of the meter. Where con- 
tinuous flow traps are used, a vented receiver is not necessary, but is 
desirable. 

Fig. 6 illustrates a gravity condensation meter installation using a 
vented receiver. 

Rate of Flow or Flow Meters 

Flow meters used for district heating work are of three types: Area 
Meters, Head Meters and Velocity Meters. 

Area meters are those, in the operation of which, a variation in the 
cross-section of stream under constant head is used as an indication of 
the rate of flow. A tapered plug is suspended in an orifice and moves 
axially with the flow, whidh is vertically upward. The weight of the plug 
provides a definite pressure differential and the plug floats at such a 
height as will provide enough orifice area to pass the flow at the pressure 
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dijflPerence. The position of the plug is transmitted by means of a lever 
and pencil and records the flow on a graduated strip chart. 

Head meters are those in which the stream of fluid creates a difference 
of pressure, or differential head. This head is created by an orifice, 
Venturi tube, flow nozzle, or Pitot tube and will depend upon the velocity 
and density of the fluid. 

The secondary element must contain a differential pressure gage, which 



will translate the pressure difference into rate of flow or total flow. This 
mechanism may be either mechanical or electrical. The electric flow 
meter has the advantage of being able to locate the instruments as some 
distance from the primary element. 

Fig. 7 is a typical example of an orifice- type meter installation. A few 
general points to be considered in installing a meter of this type are: 
(1) It is desirable to place the differential medium in a horizontal pipe in 
preference to a vertical one, where either location is available. (2) 
Reservoirs should always be on the same level and installed in accor- 
dance with the instructions of the meter company. (3) The meter body 
should be placed at a lower level than that of the pressure differential 
medium. Special instructions are furnished where the meter body is 
above. (4) Meter piping should be kept free from leaks. (5) Sludge 
should not be permitted to collect in the meter body. (6) The meter 
body and meter piping should be kept above freezing temperatures. (7) It 
is best not to connect a meter body to more than one service. (8) Special 
instructions are furnished for metering a turbulent or pulsating flow. 

Velocity meters are those in which the primary element is some device 
that is kept in continual rotation by the linear motion of the stream. 
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The secondary element is, essentially, a revolution counter. The primary 
and secondary elements are combined into one unit. 

For steam metering, the shunt meter is an example of the velocity 
type. This unit is connected directly in 2, 3 and 4 in. pipe lines. Larger 
size mains are metered by installing a 2 in. meter in a bypass with a 
restricting orifice in the main line. 

Selection of Meter 

In selecting a meter for a particular installation, the number of different 
makes and types of meters suitable for the job is usually limited by one 
or more of the following considerations: (1) Its use in a new or an old 
installation. (2) Method to be* used in charging for the service. (3) 
Location of the meter. (4) Large or small quantity to be measured. 
(5) Temporary or permanent installation. (6) Cleanliness of the fluid 
to be measured. (7) Temperature of the fluid to be measured. (8) 
Accuracy expected. (9) Nature of flow: turbulent, pulsating, or steady. 
(10) Cost, a, purchase price, b. installation cost, c. calibration cost, 
d. maintenance cost. (11) Servicing facilities of the manufacturer. (12) 
Pressure at which fluid is to be metered. (13) Type of record desired as 
to indicating, recording or totalizing. (14) Stocking of repair parts. 
(15) Use of open jets where steam is to be metered. (16) Metering to be 
done by one meter or by a combination of meters. (17) Use as a check 
meter. (18) Its facilities for determining or recording information other 
than flow. 

STEAM REQUIREMENTS 

Methods of estimating steam requirements for heating various types 
of buildings are given in Chapter 11. 

Table 8 in Chapter 11 represents information obtained from all sections 
of the United States, and the group of buildings from which the infor- 
mation was taken represents a cross section of all types of heating systems. 

Steam requirements for water heating can be satisfactorily estimated 
by using a consumption of 0.0025 lb per day per cubic foot of heated 
space for office buildings, without restaurants, and 0.0065 lb per day per 
cubic foot of heated space for apartment buildings. 

Complete information on water heating requirements is given in 
Chapter 46. 

Additional data on steam requirements of various types of buildings in 
a number of cities may be found in the Handbook of the National District 
Heating Association, 

RATES 

Fundamentally, district heating rates are based upon the same princi- 
ples as those recognized in the electric light and power industry, the main 
object being a reasonable return on the investment. However, there are 
other requirements to be met; the rate for each class of service should be 
based upon the cost to the utility company of the service supplied and 
upon the value of the service to the consumer, and it must be between 
these two limits. District heating rates should be designed to produce a 
sufficient return on the investment regardless of weather conditions, 
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although existing rate schedules do not conform with this principle. 
Lastly, the rate schedule must be reasonably simple and understandable. 

Glossary of Rate Terms 

Load Factor, The ratio, in per cent, of the average hourly load to the 
maximum hourly load. This is usually based on a one year period but 
may be applied to any specified period. 

Demand Factor. The relation between the connected radiator surface 
or required radiator surface and the demand of the particular installation. 
It varies from 0.25 to 0.3 lb per hour per square foot of surface. 

Diversity Factor. The ratio of the sum of the individual demands of a 
number of buildings to the actual composite demand of the group. 

Types of Rates 

1. Flat Rates. 

a. Radiator surface charge. Obsolescent. 

2. Meter Rates. 

a. Straight-line. 

b. Step. Obsolescent. 

c. Block. 

(a) Class rates. 

StraigMLine Meter Rate. The price charged per unit is constant, and the consumer 
pays in direct proportion to his consumption without regard to the difference in costs of 
supplying the individual customers. 

Bloch Meter Rate. The pounds of steam consumed by a customer are divided into 
blocks of thousands of pounds each, and lower rates are charged for each successive 
block consumed. This type of charge predominates in steam heating rate schedules for 
it has the advantage of proportioning the bill according to the consumption and the cost 
of service. It has the disadvantage of not discriminating between customers having a 
high load factor (relatively low demand) and those having a low load factor (relatively 
high demand). The utility company must maintain sufficient capacity to serve the 
high demand customers and the cost of the increased plant investment is divided equally 
among the users, so the high demand customers are benefited at the expense of the 
others. 

3. Demand Rates. 

a. Flat demand. 

b. Wright. 

c. Hopkinson. 

d. Doherty (or Three charge). 

Demand Rates. These refer to any method of charge based on a measured maximum 
load during a specified period of time. 

The flat demand rate is usually expressed in dollars per thousand pounds of 
demand per month or per annum. It is based on the size of a customer’s instal- 
lation, and is seldom used except where a meter is not practicable. 

* The Wright demand raie is similar in calculation to the block rate except that it is 
expressed in terms of hours’ use of the maximum demand. It is seldom used but 
forms the basis for other forms of rates. 

The Hopkinson demand rate is divided into two elements: 

(a) A charge based upon the demand, either estimated or measured. 

(fi) A charge based upon the amount of steam consumed. 

This rate may be modified by dividing the quantities of steam demanded and 
consumed into blocks charged for at different rates. 
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The Doherty rate is divided into three elements: 

{a) A charge based upon demand. 

(6) A charge based upon steam consumed. 

(c) A customer charge. 

In the Hopkinson rate^ the last two elements are combined into one element. 

Demand rates are comparatively new and are not yet widely used; 
though they are equitable and competitive they are difficult for the 
average layman to understand. They are of benefit to utility companies 
and to consumers because the investment and operating costs can be 
divided to suit the particular circumstances into demand, customer, and 
consumption groups through the use of some modification of the Hopkin- 
son rate. Demand rates are an advantage to the customer in that the 
use of such a rate reduces the rate per thousand pounds to the long-hour 
user. 

Fuel Price Surcharge. It is usually desirable to establish a rate upon 
a specified basic cost of fuel to the utility company. Where there are 
wide variations in the price of fuel, it is also desirable to add a definite 
charge per thousand pounds of steam sold for each increment of increase 
in the price of fuel. This surcharge automatically compensates for the 
variations without necessitating frequent changing of the whole rate 
structure. 

Some utility companies include a labor surcharge as well as a coal 
surcharge. 

UTIUZATION 

Considerable savings can be made by the proper and intelligent oper- 
ation of heating systems. It should be borne in mind that a heating 
system is designed to heat a building to 70 F inside when the outside 
temperature is at its lowest point for that particularTocality. There is a 
tendency to overheat the building at any time the outside temperature is 
above the design temperature unless some method of regulation is used, 
either automatic or manual. 

The general rules for economical operation^ are as follows: 

1. Reduce the heat losses from the building to a minimum. 

a. Weatherstrip all windovirs, and caulk all window frames. 

b. Provide revolving or vestibule doors on all entrances. Separate shipping and 
receiving rooms from the remainder of the building by partitions so that the 
large doors will not ventilate the entire building. 

c. Eliminate all unnecessary’ ventilation. Ventilating equipment is usually sized 
to meet extreme requirements. In a theater or auditorium, do not supply 
enough ventilation for an audience of 2000 when there are only 200 present, 

2. Limit the hours of heating to those in which the required temperature is necessary. 

a. Determine the hours that heating is required and see that steam is shut off fqj* 
the maximum time when not required, such as nights, Sundays, and holidays^ 

b. Shut steam off entirely in unoccupied sections of the building, taking care to 
avoid freezing plumbing. 

c. Install separate lines for those parts of the building that require long-hour or 
24-hour heating. This is much cheaper than heating the entire building. 


^Principles of Economical Heating, National Association of Budding Owners and Managers. 
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d. Control the heat supplied to water storage tanks located on or above the roof. 
Such tanks require heat to prevent freezing \\hen the outdoor temperature is 
below 32 F. 

3. Regulate the amount of heat so as to prevent overheating and to maintain uniform 

temperatures during the hours of occupancy. 

a. Determine the temperature required for the occupancy of a building. Do not 
heat a storage garage or a furniture warehouse to the temperature required in 
a hospital ward. 

, b. Shut off steam during the day whenever possible. An automatic control will 
do this, but it can be done by hand, with good results. 

c. Provide some good means of temperature control. 

4. See that the heat input is properly balanced throughout the building. 

a. See that the entire heating system responds rapidly when steam is turned on. 
Locate and eliminate the cause of any sluggish circulation. Balance the radia- 
tion, provide adequate air elimination, and correct any trapped run-outs to 
provide quick system drainage. 

* b. Place the radiation near the outside walls under the windows or w’here the 
exposure occurs, if possible. 

c. Do not obstruct radiators or prevent the free circulation of air around them; 
to do so seriously reduces the heating capacity of a radiator. 

5. Keep all heating equipment in first class condition. 

a. Keep the system in good repair. This applies to all traps, valves, vents, steam 
and return piping, vacuum pumps, and temperature control apparatus. 

b. In a vacuum system, maintain the degree of vacuum recommended by the 
control manufacturer. If this is not possible, locate and eliminate all leaks. 

c. Insulate all steam pipes not used as heating surface. 

6. Arrange the heating system to obtain from it the highest possible efficiency. 

a. Locate all valves and controls so as to be convenient and accessible. It is only 
human nature to delay or avoid doing that which is unnecessarily inconvenient. 

b. Investigate every complaint of “No Heat;” find the cause and correct it. Do 
not overheat an entire building to correct a local condition. 

c. Extract the heat in the condensate for heating water or for some other useful 
purpose. 

7. Make a study of the heating system and heating requirements. 

a. Provide thermometers and recording pressure gages so that the heating system 
may be operated with full knowledge of what is being accomplished. 

b. Keep daily consumption records and check against the theoretical requirements. 

c. Study the system and understand its functions and its operations. 


AUTOMATIC TEMPERATURE CONTROL 

As stated in Chapter 34, Automatic Control, properly applied to heating, 
ventilating and air conditioning systems, makes possible the maintenance 
of desired conditions with maximum operating economy. 

In addition to the large possibilities for economy, the use of adequate 
temperature control provides more healthful, comfortable, and efficient 
working conditions in the buildings because through its use the building 
is uniformly heated with correct temperatures, and drafts from open 
windows and overheating are eliminated. 

There are three general means of centralized control of heat output of 
radiators. 
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1. Controlling the rate of steam flowing into the radiators. This is 
accomplished by equipping the radiator inlets with orifices and con- 
trolling the flow of steam through them into the radiator by controlling 
the difference in absolute pressure between the supply and return. 

2. Controlling the temperature of steam in the radiators by varying its 
pressure. This involves the use of high vacuums to obtain low steam 
temperatures. This must be supplemented by some other type of control 
for low heat output. 

3. Controlling the length of time steam flows into the radiators by admit- 
ting steam to a heating system intermittently and varying the length 
of the on and off periods. There are two types of controls for doing this. 
(1) A clock control providing on and off settings of various lengths, which 
can be changed in accordance with outside temperatures. In most cases 
these changes are made automatically by means of a thermostatic bulb, 
placed outdoors. (2) A control having an outdoor bulb and a bulb at- 
tached to the radiator, which varies the length and frequency of the on 
intervals in such a way that the radiator temperature is varied according 
to the outside temperature. In some cases heat supply is controlled by 
combinations of the above methods. 

Before the installation of any type of modem temperature control 
equipment, it is necessary to see that the heating system is put in good 
operating condition. In general, the heating system in a building is not 
given the attention that other mechanical equipment is given because it 
will continue to function, after a fashion, even though changes in piping, 
location of radiation, settlement of piping, and the normal wear and tear 
or other changes have taken place. Through all this depreciation of the 
system, it becomes more and more costly to operate and parts of the 
building have to be greatly overheated in order to prevent underheating 
in a small section of the building. Vents, traps, vacuum pumps, and 
valves should be given a careful inspection and replaced or repaired if 
required. The piping should be of adequate size and graded properly. 
The return piping should have a careful inspection, and any pockets or 
lifts removed and properly vented. These inspections and repairs are 
not costly and prevent a much greater outlay in future years. In most 
cities district heating companies will be willing to make a survey of heating 
systems and offer recommendations as to operation and changes in piping 
layout. 

The selection of control equipment depends upon the type and size of 
building and the degree of saving possible. 
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E lectric heating is steadily assuming a more important place in 
heating, ventilating and air conditioning installations because it 
is flexible, clean, safe, convenient and easy to control. It has many basic 
principles in common with fuel heating, but there are also important 
differences. When heat is delivered by wire, no combustion process is 
necessary, either at a central plant or at the individual room units. The 
output of an electric heater is a fixed constant, unaffected by the tem- 
perature of the surrounding air and it follows that the total load on an 
electric heating system is the total wattage of connected electric heaters, 
regardless of weather conditions. The main obstacle to the more general 
adoption of electric heating for buildings is the cost of the electricity itself. 

All heat is a form of energy. Fuels hold stored chemical energy which 
is released into heat by combustion. Electrical power is a form of energy 
which can be released into heat by passing it through a resisting materi^. 
Both fuel and electric heating have two divisions: first, the conversion of 
energy into heat; second, the distribution and practical use of the heat 
after it is produced. 

In converting the chemical energy of fuels into heat by combustion, 
there is necessarily a considerable variation in thermal efficiency. This 
is not true, however, when converting electric power into heat, as 100 
per cent of the energy applied to the resistor is always transformed into 
heat. In electric heating practice no concern need be given to efficiencies 
of heat production, but rather to efficiencies of heat utilization. The 
problem is to distribute the electrically produced heat units in such 
manner as to obtain conditions of maximum comfort with the minimum 
consumption of electricity. 


DEFINITIONS 

Definitions of general terms used in fuel heating are given in Chapter 
47. Terms which apply particularly to electric heating are shown on 
the following page. 
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Electric Resistor: A material used to produce heat by passing an electric current 
through it. 

Electric Heatins Element: A unit assembly consisting of a resistor, insulated sup- 
ports, and terminals for connecting the resistor to electric power. 

Electric Heater; A^ complete assembly of heating elements with their enclosure, 
ready for installation in service. 

RESISTORS AND HEATING ELEMENTS 

Solids, liquids, and gases may be used as resistors, but most com- 
mercial electric heating elements have solid resistors, such as metal 
alloys, and non-metallic compounds containing carbon. In some types of 
electric boilers, water forms the resistor which is heated by an alternating 
current of electricity passing through it. One of the more common 
resistors is nickel-chromium wire or ribbon which, in order to avoid 
oxidation, contains practically no iron. 

Commercial electric heating elements are made in many types. Some 
have resistors exposed to the air being heated. The resistors may be coils 
of wire or metal ribbon, supported by refractory insulation, or they may 
be non-metallic rods, mounted on insulators. This type of element is 
used extensively for operation at high temperatures when radiant heat is 
desired, also at low temperatures for convection and fan circulation 
heating, especially in large installations. 

Some elements have metallic resistors embedded in a refractory insu- 
lating material, encased in a protective sheath of metal. Fins or extended 
surfaces may be used to add heat-dissipating area. Elements are made 
in many forms, such as strips, rings, plates and tubes. Strip elements are 
used for clamping to surfaces requiring heat by conduction, and in some 
types of convection air heaters. Ring and plate elements are used in 
electric ranges, waffle irons, and in many small air heaters. Tubular 
elements may be immersed in liquids, cast into metal, and, when formed 
into coils, used in electric ranges and air heaters. Cloth fabrics woven 
from flexible resistor wires and asbestos thread, are used for many low 
temperature purposes such as heating pads and aviators’ clothing. 

Special incandescent lamps are used as heating elements in certain 
applications where radiant heat is desired. These use carbon or tungsten 
filaments as resistors, and are designed to produce maximum energy in 
the infra-red portion of the spectrum. 

ELECTRIC HEATERS 

Electric heaters may be divided into three groups: conduction, radiant 
and convection. 

Conduction electric heaters, which deliver most of their heat by actual 
contact with the object to be heated; are used in such applications as 
aviators’ clothing, hot pads, foot warmers, soil heaters, ice melters, and 
water heaters. Conduction heaters are useful in conserving and localizing 
heat delivery at definite points. They are not suitable for general air 
heating. 

Radiant electric heaters, which deliver most of their heat by radiation, 
have high temperature heating elements and reflectors to concentrate 
the heat rays in the desired directions. The immediate and pleasant 
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sensation of warmth which is caused by radiant heat makes this type 
desirable for temporary" use where the heat rays can fall directly upon the 
body. They are not satisfactory for general air heating, as radiant heat 
rays do not warm the air through which they pass. They must first be 
absorbed by walls, furniture, or other solid objects which then give up the 
heat to the air. For a discussion of electrically heated panels as applied 
to radiant heating, see Chapter 45. 

Gravity convection electric heaters, designed to induce thermal air circu- 
lation, deliver heat largely by convection, and should be located and used 
in much the same manner as steam and hot water radiators or convector®. 
They generally have heating elements of large area, with moderate surface 
temperature, enclosed to give proper stack effect to draw cold air from 
the floor line. The flexibility possible with electric heating elements 
should discourage the use of secondary mediums for heat transfer. Water 
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Fig. 1. Ceiling Mounted Unit Heater 



Fig. 2. Wall Mounted Unit Heater 


and steam add nothing to the efficiency of an electric heater and entail 
expensive construction and maintenance. 

UNIT HEATERS 

Electric unit heaters include a built-in fan unit which circulates room 
air over the heating elements. Heaters of this type are manufactured in 
many designs and sizes, and can be located in the same manner as steam 
unit heaters. 

Electric unit heaters are used in industrial plants, sub-stations, power 
houses, pumping stations, etc., where the power rate for electric heating 
is found to be favorable. In many large plants, such as flour mills, grain 
elevators, etc., in which there are a number of small offices, locker rooms, 
etc., scattered over wide areas, electric unit heaters are^ frequently 
economical in such locations. In small unattended stations, where 
freezing temperatures cannot be permitted, thermostatically-controlled 
electric unit heaters are frequently used to maintain a temperature above 
freezing. The best location for the heaters depends upon local circuin- 
stances as they can be mounted either on the ceiling to direct the air 
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downward, on the side wall about 7 ft from the floor, or near the floor 
line. Variations in design are necessary for different locations, but 
typical arrangements are indicated in Figs. 1 and 2. 

The arrangement of the wiring circuits is very important for electric 
unit heaters. In principle they are all the same and include as essential 
elements an automatic control panel, a thermostat, and a master hand 
switch. All heaters should be designed with a safety thermal trip wired 
in series with the magnet coil of the control panel and with the hand 
switch and thermostat. A typical wiring diagram is shown in Fig. 3 . This 
applies to a single phase power supply, but for 3-phase the only difference 
is to have a 3-pole panel and a heater arrangement for 3-phase connection. 

Portable unit heaters are useful for temporary work, such as drying out 
damp rooms, or for warming rooms during construction. 

CENTRAL FAN HEATING 

Electric heating elements can be used for the prime source of heat in a 
central fan electric heating system or in the heating phase of a complete 


Power supply 



air conditioning system. They can be used in the same manner as steam 
heating units for tempering, preheating or reheating the air at the main 
supply fan location and as booster heaters at the delivery terminals of the 
duct system. In the humidification phase of air conditioning electric 
heating elements can be used to provide moisture by the evaporation 
of water, or for controlling air washer dew-point temperatures when 
mounted as preheating units on the intake side of the air washer. (See 
Chapter 21.) 

In coordinating the input of heat ener^ and the volume of air circu- 
lation, a basic difference between electric heating and steam heating 
enters into the problem. Steam is approximately a constant- temperature 
source of heat for any given pressure and a change in air volume flowing 
over steam coils does not greatly affect the temperatures of the delivered 
air. The amount of steam condensed (heat input) varies in proportion to 
the air volume, but the surface temperature of the steam coils remcdns 
about the same. Electric heat is quite different, having a constant input 
of energy. If the volume of air flow over electric heating elements is 
changed, and no change is made in. the electrical power connections, there 
will be a corresponding change in the temperature of the air delivered. 
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This occurs because the electrical energy input remains constant and the 
surface temperature of the heating elements will vary as is necessary to 
force the air to accept all the heat. With electric heat the total heat is 
constant unless some compensating action is performed by control. Auto- 
matic variation of the electrical heat input synchronized properly with 
the air flow can be successfully accomplished by various special methods 
of control. 

Electric heaters are useful in balancing the heat distribution in central 
fan heating systems. Even in those instances where steam is the principal 
heat source, the temperature of individual rooms can be controlled locally 
by separate electric booster heaters. These heaters can be installed in 
brandi ducts or behind the air outlet grilles in each room. With this 
arrangement, the central heating unit distributes air at an average temper- 
ature, controlled from a thermostat centrally located, such as in the main 
return duct. The electric booster heaters may be controlled by thermo- 



Fig. 4. Resistance Type Boiler for Steam or Hot Water 


stats mounted in each individual room which permit the occupant to 
maintain any desired temperature independent of the rest of the building. 

ELECTRIC BOILERS 

Steam or hot water generating boilers using electric energy are entirely 
automatic and are well adapted to intermittent operation. Small electric 
boilers usually have heating elements of the enclosed metal resistor type 
immersed in the water. Boilers of this construction may be used either 
with direct or alternating current since the heat is delivered to the water 
by contact with the hot surfaces. To lessen the likelihood of the heating 
elements burning out, they should be of substantid construction, with a 
low heat density per unit of surface area and provision should be made for 
cleaning off deposits of scale which restrict the heat flow. A typical 
resistance type of steam or hot water boiler is shown in Fig. 4. 

Large electric boilers are usually of the type^ employing water as ^e 
resistor, using immersed electrodes. With this type only alternating 
current can be used, as direct current would cause electrolytic deteriora- 
tion. Such a type of electrode boiler is shown in Fig. 5. 
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Electric steam boilers are useful in industrial plants which require 
limited amounts of steam for local processes, and also for sterilizers, 
jacketed vessels and pressing machines which need a ready supply of 
steam. It sometimes is economical to shut down the main plant fuel 
burning boilers when the heating season ends, and to supply steam for 
summer needs with small electric steam boilers located close to the 
operation. In general, electric steam heating is confined to auxiliary or 
other limited applications. If the heating system is designed to use 



electricity exclusively, steam generating or distributing equipment is 
superfluous. 


ELECTRIC HOT WATER HEATING 

Electric water heating, using an electric boiler in place of a fuel burning 
boiler, like electric steam heating, is generally confined to auxiliary or 
other limited applications. The use of insulated water storage tanli, in 
which to store heat generated by electricity during off-peak hours at 
extremely low rates, is a development which has some special applications. 

In this system of heating, the primary storage tank is simply a large, 
well-insulated, pressure t^e steel tank, equipped with electric heating 
elements and automatic time switches, which also have automatic limit 
controls for temperature and pressure. The heating system installed in 
the_ building may be of any standard individual radiator or fan-served 
indirect type or with provisions for the heating and humidification phases 
of an air conditioning system. A system of this kind requires very careful 
design to avoid excessive over-all radiation losses during periods of low 
heat demand. It is also important to provide for sudden changes in heat 
demand. A typical hot water heating boiler is illustrated in Fig. 4. 

780 





CHAPTER 44. ELECTRIC HEATING 


HEATING DOMESTIC WATER BY ELECTRICITY ^ 

Electric water heaters of the automatic storage type for domestic hot 
water supply are simple and reliable. In many sections of the country 
low electric rates have been established by the electric utilities to secure 
this load. In some localities, electric rate schedules divide the current 
used for water heating into two classifications, regular and off-peak. A 
time switch automatically limits use of the off-peak heating element to 
the hours of off-peak load, while the regular heating element is a stand-by 
at all times. Storage of this two-element type of water heater is larger 
than average to carry over the periods when the off-peak element is timed 



Fig. 6, Piping Arrangement for Fig. 7. Domestic Hot Water 
Connecting Electric Water Heater for Off-Peak 

Heater to Fire-Box Coil Service 


out, without too frequent demands on the regular heating element which 
takes the higher domestic lighting service rate. Some utilities now offer 
a schedule which, beyond a stipulated minimum, lowers the rate for all 
electric service if an electric water heater is installed. 

Competition with other fuels, especially gas, seems to be the major 
controlling factor in the use of electricity. The first cost of electric 
storcLge heaters is also greater than for gas, owing to the need for larger 
tank storage due to off-peak service and slower recuperating capacity. 

In residential work, to effect a saving in the cost of operation, it is 
sometimes desirable to use a furnace coil or indirect heater in connection 
with an electric water heater. In this case it is important to make the 
proper connections in order to benefit by any heat obtained from the 
furnace and at the same time to prevent dangerous overheating. The 
proper piping connections are shown in Fig. 6, and in this case the electric 
heater will only furnish heat when insufficient heat is supplied from the 
furnace. This arrangement has a further advantage in the summertime 
in that the bare tank through which the cold water passes on its way to 


1 Application of Electric Water Heaters To Domestic Service, by C G. Hillier (A.S.H.V.E. Journal 
Section, Heattng, Piping and Air Conditioning, November, 1936, p. 632). Fourteenth Range and Water 
Heater Survey (^Electric Light and Power, August, 1940). 
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the electric heater serves as a tempering tank, absorbing heat from the 
basement air and requiring the use of less energy in the electric heater. 

A typical domestic hot water heater as shown in Fig. 7 is arranged with 
upper and lower heating elements for the usual type of off-peak heating 
service. The lower heating element is under the control of the off-peak 
time switch. However, the upper heating element is usually connected 
to the line so that in case the supply of hot water in the tank becomes 
exhausted the top thermostat can turn on the top heater and heat a small 
supply of water. The top heater will not heat the water in the tank 
below its location, but when the off-peak period arrives the lower heater 
is turned on and the entire tank becomes heated. 

RADIANT DRYING 

Lacquers and similar surface films can be very effectively dried by 
radiation. Special electric lamp bulbs have been developed which give off 
a high percentage of infra-red and similar heat rays^. These are mounted 
in very efficient reflectors. For continuous manufacturing processes these 
reflectors are mounted in tunnels through which conveyors pass. For 
local applications, as for example paint drying in automobile repair shops, 
they may be mounted on portable racks. 

In the application of this type of drying the composition of the paint 
or lacquer is important. In general, lacquers and those enamels using 
synthetic resins react most favorably. Other applications include the 
drying of ink, glue, and water, the softening of celluloid and bakelite for 
punching or shearing, and a wide variety of other uses^. 

Objects of relatively large surface area in proportion to their weight, 
and fabricated materials having a rather high heat absorption, may be 
satisfactorily heated by such a source. 

REVERSED CYCLE REFRIGERATION 

Reversed refrigeration is frequently referred to as a heat pump since the 
electric motor driving the refrigerating compressor furnishes the motive 
power to transfer heat from one temperature to a higher temperature 
level. The compressor acts as a reversible refrigerating unit to extract 
heat from the outdoor air in winter and deliver it indoors for heating 
purposes, and, by a reversal, to extract heat from the indoor air in summer 
and discharge it outdoors. 

In normed use a refrigerating machine is arranged to remove heat and 
the heat removed is dissipat^ to the condenser cooling water. The 
driving energy is converted into heat, most of which is added to the heat 
removed and extracted. In so-called reversed refrigeration the heat 
removed together with the heat converted from the driving energy is 
utilized to heat the building. This conservation of the heat converted 
from the driving energy enables the reversed refrigeration to show a 
better performance in heating service than straight refrigeration can show 


*Infra-Red Lamps Speed Up Drying Operations {Automotive Industries 82:376-7; April 15, 1940). 
Invisible Rays Build Visible Profits, by H. M. Archer {Eleetric Light and. Power, May, 1^0). Radiant 
Energy Drying and Baking for Organic Finishing {Metal Industry 38:294-6; May, 1940). 

*Infra-Red Heating, Section IV, Power Sales Manual {Edison Electric Institute), 
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in cooling service. In order to overcome the drop in capacity and in 
efficiency with lower outside temperatures, it is often desirable to use 
well-water instead of air as the source of heat. For a detailed description 
of this cycle see Chapter 25. 

AUXnjLRRY ELECTRIC HEATING 

In conjunction with heating systems of other types, an auxiliary elec- 
tric heating arrangement is a convenient means of caring for mild days 
in the spring and fall which require little heat to make a building com- 
fortable. Likewise, such electric heating might be used on abnormally 
cold days to help out the main heating system and by this means reduce 
the necessary size of the system. 

A few installations have been made using electric heating cable buried 
in the floors of bathrooms, etc., to provide auxiliary electric heating. At 
least one airplane hangar is heated in this manner. 

Because of the feeling of comfort that a radiant type heater gives, 
bathrooms may be heated electrically with this type of heater while the 
rest of the house is cared for by some other system. Offices and rooms 
which require heat at periods when the main heating plant is shut down 
can be conveniently heated electrically. 

CONTROL 

Because the efficiency of electric heat production is the same for 
small and large units, it is possible to reduce heat waste to a minimum 
by applying local heating, locally controlled. Heaters are often controlled 
manually but thermostatic control is essential for economical operation. 
For duct systems having a variable volume of air flow the electric heater 
control must automatically vary the heat input in coordination with the 
changes in air volume and demand for heat. 

CALCULATING CAPACITIES 

In calculating electric heating capacity one kilowatt is equal to 3413 
Btu per hour or 14.2 sq ft equivalent direct steam radiation. 

POWER PROBLEMS 

The cost of electric energy varies because of several factors. Distribu- 
tion costs differ for large and small users. The fact that electricity cannot 
be economically stored, but must be used as fast as it is generated, makes 
it impossible to operate electric plants at uniform loads; hence, even the 
time of use may affect the cost of electricity. Special low rates are some- 
times available during certain prescribed hours of use. 

Since the cost of production and distribution depends not only upon 
the quantity of energy used but also upon the maximum rate at which it 
is used, electric energy is often sold on a demand rate basis. In some 
cases, the demand ciiarge is based upon tlie rated connected load, in 
other cases, upon the maximum demand as indicated by a demand meter. 
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Homes are almost universally supplied with lighting current of 115 
volts, which can only be used economically for small heaters. Usually 
the service lines will not permit more than plug-in devices. The Under- 
writers permit approved heaters of 1320 watts or less to be plugged into 
approved baseboard receptacles, but such heaters cannot be served on a 
circuit supplying much other load without overloading the fuses. There 
is an increasing trend toward supplying homes with three wire 115/230 
volt service. Where homes have such service, larger heaters can be 
installed. For industrial purposes, heaters should be designed to use 
polyphase power, which is usually supplied at 220, 440 or 550 volts. All 
polyphase heaters should be balanced between phases. 
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P )R health and comfort, it is necessary for the rate of heat loss from 
the human body to be controlled by the aggregate effect of the con- 
ditions surrounding the body, so that the physiological reactions result 
in a feeling of comfort. No heating system serves the purpose of adding 
heat to the individual, but only controls the net rate at which the body 
loses heat in cold weather by radiation, convection and evaporation. In 
convection methods of heating, the medium serves to maintain such an 
air temperature as will give comfort under existing conditions of humidity 
and of surrounding surface temperatures. The object of heating by 
radiant methods is to produce a feeling of comfort by surrounding the 
occupant with surfaces heated to a mean temperature which will permit 
a normal radiant heat loss from the human body. 

On a cold day, with no wind blowing, while standing in the sunshine, 
one may feel perfectly comfortable but, when a cloud passes over the 
sun, one will instantly feel much cooler. The cloud acts as a shield to 
interrupt the radiant heat from the sun. The change in feeling of comfort 
is due to the instant change in rate of radiant heat loss from the body 
caused by the shielding effect of the cloud. A shielded thermometer 
under the same condition would register no change in temperature. 

An ordinary thermometer registering the temperature of the air is not 
a criterion of comfort conditions. Healthful comfort requires that heat 
shall escape from the body at the same rate as it is generated, by the 
oxidation occurring in the body, and in a manner suitable to physiological 
requirements. 

Furthermore, the ambient conditions will often cause changes both in 
the rate of heat generation in the body, and in the operation of the several 
methods by which the body loses heat. The feeling of heat or cold results 
not only from the rate at which the body loses heat, but also from the 
manner in which the heat is abstracted from the body, and the ease with 
which the body's heat regulating mechanisms can operate. If the con- 
ditions of the environment and the state of the body are not perfectly 
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correlated, a person is vaguely conscious of a strain in the thermostatic 
body mechanism. 

CX)NTROL OF HEAT LOSSES 

Heat is transferred from any warm d^ surface to cooler surroundings 
principally by convection and by radiation; the total loss is substantially 
the sum of these two. Where the surface is moist, as with the human 
body, heat is also lost through evaporation from both the body surface 
and the respiratory tract. 

The rate of heat loss by convection depends upon the average tempera- 
ture difference between the surface of the body and the surrounding air, 
the shape and size of the body, and the rate of air motion over the body. 

The rate of heat loss by radiation depends upon the exposed surface 
area of the body, and upon the difference between the mean surface 
temperature of the body and the mean surface temperature of the sur- 
rounding walls or other objects. This latter temperature is called the 
mean radiant temperature (MRT). 

Because these two types of heat loss supplement each other, a required 
rate of total heat loss can result either from a relatively low air tem- 
perature and a relatively high MRT, or vice versa. 

A heating installation should provide comfort for those individuals 
doing the least physical work, without causing undesirable changes 
either in the rate of heat generation, or in the body’s heat regulating 
mechanism. 

Rate of Heat Production 

The normal rate of heat production in an average sized sedentary 
individual is about 400 Btu per hour. The heat production for persons 
subjected to various rates of activity is given in Chapter 2. When con- 
sidering radiant heating, one must study separately the evaporation, 
radiation and convection losses. The human body is of complicated 
shape, and radiation takes place freely only from the exposed outer 
surfaces; there are considerable portions of the body such as the legs, 
arms, lower part of head, etc., which radiate most of their heat to other 
portions. It is necessary to determine the equivalent surface of the body 
from which heat is radiated and a similar value for convection. The total 
surface may be assumed as approximately 19.5 sq ft for convection and 
15.5 sq ft for radiation, in an average sized individual. 

The loss by evaporation and respiration depends on the temperature 
and area of the moist surfaces (outside and respiratory) of the body, the 
air temperature, air movement and humidity. In air at a temperature 
of 70 F, this loss for a sedentary individual of average size will be approxi- 
mately 90 Btu per hour; and at 60 F, about 70 Btu per hour. These 
values are relative, because the total will vary materially witli change of 
position, bodily activity, age, sex, race, etc. 

The balance of the heat generated in the average human body, approxi- 
mately 300 to 320 Btu per hour at about 70 F room temperature, is the 
approximate amount of heat given ofiF by radiation and convection. It 
is difEcult to determine the exact proportions of these two; but it appears 
that if the body losses are about 190 Btu per hour by radiation, or 12.25 
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Btu per hour per square foot of radiating body surface, the greatest com- 
fort will result. This leaves about 120 Btu per hour to be lost by convec- 
tion, or 6.01 Btu per hour per square foot of convecting body surface. 

The mean surface temperature of the human body, including the whole 
area not only of exposed skin but also of clothing and hair, has been 
estimated variously at from 75 F, particularly in England up to as high 
as 83 F in America. It is, however, conceded that further research and 
experience will be needed to finally derive the most suitable value for the 
American climate. The final figures will vary with sex, age, clothing, 
etc., but will probably come between these extremes. From installations 
already in use in America an average surface temperature of 80 F appears 
to be more nearly correct. 

The mean surface temi^rature of an inert body, which will cause ^ven 
rates of heat loss by radiation and by convection in a uniform environ- 
ment, having a given air temperature and a given mean wall temperature, 
may be calculated from fundamental equations^ for radiation and natural 
convection, with substitution of comparable cylinders for the irregular 
human body. 

where 

gx = heat loss by radiation, Btu per square foot per hour. 

gc = heat loss by convection, Btu per square foot per hour. 

Ts — absolute temperature of the body surface, d^prees Fahrenheit. 

Tw = absolute temperature of the walls, degrees Fahrenheit. 

Ta = absolute temperature of the air, degrees Fahrenheit. 

.n _ Ts + Ta 

im 2 

D = diameter of cylinder, inches. 

e *= the ratio of actual emission to black body emission. 

If it is assumed that an average adult has a height of 6 ft 8 in. a body 
surface of 19.5 sq ft for convection, and 15.5 sq ft for radiation, an equiva- 
lent effect can be worked out for two cylinders, 5 ft 8 in. high by 13.15 in.‘ 
diameter and 10.45 in. diameter, respectively. However, while the effects 
on a cylinder, of a particular size and shape may be used to estimate 
average similar effects on the human body, it should be remembered that 
the heat loss from the body varies greatly. Every movement alters not 
only its shape, but also the heat generated by the body and the velocity 
of the air passing over it and the surface exposed to radiation. This fact 
renders the results of any such computation only approximate. 

EQUIVALENT TEMPERATOBE 

The equivalent temperature is the mean temperature of the entire 
environment which is effective in controlling the rate of sensible heat loss 


iSurface Heat Transmission, by R. H. Heilman (.4-S.M.E. Transaiions^ Fuels and Steam Power Seaion^ 
Vol, 51, No. 23, September-December, 1929). 
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from a black body in still air when this body has a surface temperature 
equal to that of the human body, and a size comparable to the human 
body. The equivalent temperature is, therefore, a function of both the 
air temperature and the mean radiant temperature of the surrounding 
objects. Its numerical value in a uniform environment with the walls 
and air at the same temperature is equal to the temperature of the walls 
and air. In a non-uniform environment, with the walls and air at dif- 
ferent temperature, the equivalent temperature for America is at present 
considered to be equivalent to that of a uniform environment in which a 
body with an 80 F surface temperature will lose sensible heat at the same 
rate as in the given non-uniform environment. As originally defined in 
England, the equivalent temperature was based on an average body 
surface temperature of 75 F, while 80 F seems to be more nearly con- 
forming with American conditions. The most suitable temperature to 
assume will depend in part on the clothes worn by the individual. Ladies 
in evening dress require a higher equivalent temperature for comfort, than 
a man having only hands and head uncovered. The higher the equivalent 
temperature, the less the heat loss from the body, as the rate of heat loss 
in still air is approximately proportional to the difference between the 
equivalent temperature and the mean body surface temperature. 

If the equivalent temperature were 80 F, there could be no sensible 
heat loss from a surface at that temperature; so the temperature of a 
normal body surface w’ould have to rise to a point where the heat generated 
in the tissues could be dissipated. Broadly speaking, it may be stated 
that with an equivalent temperature of about 65 to 70 F, the sensible 
heat losses from the assumed average individual will approximate those 
previously stated. 


APPLICATION METHODS 

The several methods of applying radiant heating to a structure are: 

1. By warming the interior wall and ceiling surface of the building. Pipe coils are 

embedded in the concrete or plaster of the walls or ceilings, the heating medium being hot 
water circulating through the pipe coils. These coils are generally constructed of small 
pipe in. I.D. and spaced about 6 to 9 in. apart. See Fig. 1. This has the effect 

of warming the entire concrete or plaster surface in which the pipes are embedded. Since 
the temperature of the heating medium should never exceed about 130 F, due to the 
possibility of cracking the plaster the area of the warmed surface must be sufficient to 
supply the requisite quantity of heat at this low temperature. When carefully designed, 
this method produces very comfortable results and great operating economy, but offers 
some slight obstacles when alterations or additions to the building are desirable. 
Normally the hot water circulation is maintained by means of a circiUating pump and 
facilities have to be provided to eliminate all air at tie top of the system. All coils and 
circulating pipes are welded together and tested after erection to a hydraulic pressure 
of 300 lb per squsure inch. 

2. By circulating warm air through shallow ducts under the floor. In this design the 
entire floor surface of a room is heated as in Fig. 2. This method was used 2000 years 
ago in many parts of the Roman Empire. While this method is more expensive in con- 
struction, it is effective and quite suitable for cathedrals and large public buildings. 
To provide a uniform floor temperature, one should give special consideration to the 
design of the air ducts so that equal heat distribution is obtained. 

3. By placing hot water or steam pipes under the floor. With this arrangement the 
whole floor surface of a room is raised to a temperature sufficient to give comfortable 
conditions. Floor heating is recommended for schools and hospitals where large quanti- 
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ties of outside air are desirable. The floor surface may be of concrete, wood blocks, 
maiple or any other material unaffected by heat, and while it is true that heat will be 
conducted through all materials^ u^d in floor construction, it is important that due 
consideration be given to the emissivity of the floor surface. In some cases where pipe 
coils are installed in the air space under the floor, special floors are constructed in 
sections so that the whole floor can be lifted to examine the coils. See Fig. 3. Pipes 



supported thus may be larger and the heating medium maintained at a higher tem- 
perature than when pipes are actually embedded in the floor. Pipes may be or 2 in. 
in the former, but for the latter 5^ or 1 in. pipes are recommended. See Fig. 4. Where 
the heat losses from a room are exceptionally high it may be necessary to supplement 
the warm floor by either adding some coils in the ceiling or forming heated panels in the 
side walls. 

4. By attaching separate heated metal plates or panels to the interior surfaces. These 
plates or panels are placed either in an insulated recess so that the surface of the panel is 
flush with the surface of the walls or ceilings, or they may be secured to the face of the 
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wall. They may be covered with wood veneers and decorated to harmonize with other 
parts of the room, or they may be cast into panels to imitate oak or other wood designs. 
With flat plate panels it is common practice to use a frame of plaster, wood, metal or 
composition to allow for expansion. These plates may be heated with either hot water 
or steam and connected as an ordinary radiator system. See Figs. 5 and 6. 

5. By electric heated metal plates or panels. These plates or panels are either placed 
in insulated recesses of walls or ceilings or fastened to the construction, as found desirable. 
They should not have a surface temperature much above 200 F. Some have a much 




Right and Jeft hand Return 

screwed nipples 


Fig. 6. Flat Type Panel Installed in Wall Recess 

higher surface temperature but a lower temperature gives a more comfortable condition 
and is more efficient. 

6. By electrically heated tapestry mounted on screens and on the wall. For this purpose 
the screen is woven with an electric continuous conductor. Sudi screens are useful to 
plug in at any position for emergency local heating without taking care of a large room 
or office. 

Note, If all of a heating panel is installed at one end of a large room there may be 
a marked difference between the equivalent temperature on the two sides of the body. 
It is usually desirable, therefore, that the heat be distributed at different parts of the 
walls and ceilings so that no uncomfortable effect will be felt from unequal heating. 

CALCULATION PRINCIPLES 

The calculation method for radiant heating as given in the following 
pages has been used in determining panel areas and temperatures for a 
number of actual installations in several widely separated areas of the 
United States. Other methods are being developed by recent investi- 
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gators^'® who have given recognition to the fact that MRT and air 
temperature are interdependent, and that any change in panel surface 
temperature, outside air temperature, location of heating surface, number 
of air changes and heat transmission characteristics of the structure will 


Table L Total Radiation to Surroundings at Absolute Zero^ 


Bodt 

OR 

Mian 

Radunt 

Radiation in Btu per square foot per hour 
emitted to surroundings ^th a tempera- 
ture of absolute sero by bodies at vanoua 
temperatures and with emissiTity factor e 

Bodt 

OB 

Mian 

Radiant 

Radiation in Btu per square foot per hour emitted 
to surroundings with a temperature of absolute 
zero by bodies at various temperatures and 
with emistivity &ctor 0 

ATUBB 

0 

0 

0 

0 

ATT7BB 

0 

0 


0 

DegP 

1.00 

0.95 

090 

0.80 

DegP 

100 

0.95 


0 .S 0 

30 

99.3 

94.3 

89.4 

79.4 

71 

136.5 

129.6 

122.9 

109.3 

35 

103.5 

98.3 

93.2 

82.8 

72 

137.4 

130.5 

123.6 

109.9 

40 

107.6 

102.4 

96.8 

86.1 

73 

138.4 

131.5 

124.5 

110.6 

45 

112.1 


100.9 

89.7 

74 

139.6 

132.6 

125.6 

111.7 

46 

112.9 

107.3 

101.6 

90.4 

75 

141.0 

133.9 

126.9 

112.8 

47 



102.5 

91.1 

80 

146.6 

139.4 

132.0 

117.4 

48 

114.8 

109.1 

103.4 

91.9 

85 

152.3 

144.6 

137.1 

121.9 

49 

115.6 

109.9 

104.1 

92.4 

90 

157.9 

149.9 

142.1 

126.4 

50 

116.5 

■ISO 

104.9 

93.2 

100 

169.6 

161.1 

152.6 

135.7 

51 

117.5 

111.6 

105.8 

94.0 

110 

181.6 

172.5 

163.5 

145.4 

52 

118.4 

112.5 

106.5 

94.7 


194.8 

185.0 

175.4 

155.9 

53 

119.4 

113.4 

107.4 

95.5 


210.1 

199.6 

189.1 

168.1 

54 

120.2 


mismm 

96.2 

140 

223.2 

212.1 

201.0 

178.5 

55 

121.1 

115.1 

109.0 

96.9 

150 

237.1 

225.2 

213.5 

189.7 

56 

122.1 

116.0 


97.7 


251.1 

238.8 

226.0 

201-.0 

57 

123.1 

117.0 


98.5 


270.5 

257.0 

243.5 

216.4 

58 

124.0 

117.8 

111.6 

99.2 

180 

288.0 

273.8 

259.1 

230.4 

59 

irtfl 

118.6 

112.4 

99.9 

190 

306.5 

291.0 

275.8 

245.1 

60 

mo 


113.4 

100.7 

mSm 

325.2 

309.0 

292.8 

260.3 

61 

126.6 

120.3 

114.0 

101.4 

210 

348.0 

330.6 

313.1 

278.4 

62 

127.7 

121.4 

114.9 

102.2 


371.5 

353.0 

334.4 

297.1 

63 

128.6 

122.2 

115,8 

102.9 


437.8 

415.9 

394.0 

350.2 

64 

129.6 

123.1 

116.7 

103,7 


575.0 

546.1 

517.5 

460.0 

65 

130.5 

124.0 

117.5 

104.4 

350 

740.0 

703.0 

666.0 

592.0 

66 

131.6 

125.0 

118.4 

105.4 

mSSM 

942.1 

895.0 

847.5 

753.5 

67 

132.5 

125.9 

119.3 

106.0 

1 450 

1176.0 

1117.0 , 

1059.0 

941.0 

68 

133.5 

126.8 

120,1 

106.8 

1 500 

1464.0 

1390.0 

1318.0 

1171.0 

69 

134.5 

127.8 

121.1 

107.6 

550 

1791.0 

1701.0 1 

1613.0 

1434.0 

70 

135.5 

128.8 

121.9 

108.4 

600 

2405.0 

2284.0 

2165.0 

1925.0 


aThese facton are calculated from the formula 

/ 0.1723 X r* \ 

^ * V 100,000,000 / 

where 

q =* total radiation, Btu per square foot per hour, 
e ■» emissivity. 

T «= absolute temperature, degrees Fahrenheit. 


influence the value of the MRT and consequently also influence the air 
temperature required for optimum comfort. 

The first step in the calculations for radiant heating of a given, room is 
to determine the desired mean radiant temperature, MRT ; tiie second, to 


*Trend Curves for Estimating Performance of Panel Heating Systems, by B. F. Raber and F. W. 
Hutchinson (A.S.H.V.E. Journal Section, BecUmg^ Piping and Air Conditioning, July, 1942, p, 432), 
*Pauel Heating and Cooling Analysis, by B. F. Raber and F. W. Hutchinson (A.S.H.V.E, Transactions, 
VoL47,1941,p 285). 
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decide on the location of the heated surfaces; the third, to establish the 
temperature at which the heating surface shall operate; the fourth, to 
compute the size of the heating surfaces required to produce this MRT; 
the fifth, to calculate the actual heat loss from the room and to provide, 
if necessary, any additional convected heat beyond that given off by the 
radiant surfaces for the required number of air changes. If humidification 
is required, this must be considered similarly to a conventional air con- 
ditioning system, except that the air temperature of the room will be 
lower and will therefore require less moisture. 

Mean Radiant Temperature 

If the entire interior surface of a room were at the same temperature, 
this would be the MRT- Such a condition seldom exists, because in 
different parts of a room, some surfaces are exposed to the outer air 
while others are adjacent to heated rooms. The actual surface tem- 
perature varies with the construction and exposure of different sides of 
the enclosures. It is therefore necessary to calculate the thermal mean 
of these interior surface temperatures. 

This is not the same as the arithmetic average of the various actual 
surface temperatures, but the radiant temperature which corresponds to 
the average of the several rates of heat emission (Btu per square foot) 
from the several surfaces. The emission at any given surface tempera- 
ture, for any stated emissivity factor can be obtained directly from Table 
1, while the emissivity factors for many materials may be found in Table 6 
of Chapter 3. For example, from Table 1 it can be determined that if the 
emissivity of the surface is 0.90 then 1 sq ft of surface at 50 F will emit 
104.9 Btu per square foot per hour to surroundings at absolute zero. 

Such a determination of the amount of radiant heating surface needed 
in a room, to maintain a desired MRT, requires knowledge of the type of 
heating, and the temperatures of the unheated surfaces. The latter can 
be estimated from Fig. 7 which is based on an inside air temperature of 
65 F and an MRT of 71 F. There will be some variation in surface 
temperature with emissivity, but except in the case of reflective materials 
this may be neglected, as the variation due to ordinary building surfaces 
will be small. 

Detailed Computation Method 

Assuming the mean surface temperature of the exposed part of the 
human body and clothing to be 80 F and the emissivity factor to be 0.95, 
from Table 1 it can be determined that the body surface will give off 139.4 
Btu per square foot per hour to absolute zero surroundings. Since the 
average human body releases approximately 12.25 Btu per square foot 
per hour by radiation, the mean radiant emission from the surroundings 
must be 127.15 Btu per hour with an average emissivity factor of 0.9^3 
which requires an MRT of approximately 71 F. If the body is covered 
less so that the mean surface temperature of the body is 85 F with an 
emissivity factor of 0.95, the correct MRT for the room should be 74 F. 
Consequently, for baths and similar rooms the MRT should be slightly 
higher than for offices, etc. The mean radiant emission from walls, etc., 


792 




CHAPTER 45- RADIANT HEATING 


to give this desired rate can be determined from Table 1. Multiplying by 
the total surrounding area will give the desired total radiant heat effect. 
Therefore the MRT for an ordinary living room, office, or similar room to 
give comfort conditions is 71 F. 

The location of the surfaces is generally decided according to the type, 
of bmlding and its use. For high ceilings it is advisable to select floor 
heating or install heated panels in the walls at low level. For exposed 
rooms it may be necessary to have some wall or ceiling panels in ad^tion 
to floor heating. 

The temperature of the surface is controlled somewhat by the location. 
If the floor is chosen, then hot water pipes should be used as the medium; 



Fig, 7. Chart for Estimating Inner Surface Temperatures 
OF Outside Vertical Walls 


and the surface temperature should never be more than 85 F unless 
border heating is used. The latter comprises strips of heat^ surfaces 
where occupants will not usually rest their feet, such as portions of the 
floor adjacent to walls or windows, aisles of churches, halls, etc. If iron 
panels are used on side walls, etc., a surface temperature up to 160 F may 
be used with hot water as the heating medium. Vapor or low pressure 
steam may also be used with a maximum surface temperature of 180 F. 
For ceiling or other plaster heating, hot water pipes should be used with a 
maximum water temperature of 130 F giving a surface temperature of 
about 115 F. 

The area in square feet of each type or different surface temperature, 
horizontal or vertical, is multiplied by the emission value corresponding 
to its actual surface temperature. These products are added together to 
give the total radiant heat effect inside the room from all surfaces. 
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Table 2. Highest Safe Surface Temperatures for Heating Panel 


Type of Panel 

Surface Temperature 
Deg F 

Plastered Ceiling (Pipes Embedded) 

115 

pi?»fetered Walls (Pipes Embedded) - 

120 

Floor, Any Method 

85 

Floor, Border and Aisles. 

120 

Tron^ Tint Water Medinma- . 

160 

Iron, Steam Vapor® . ... - 

180 

Electrically Heated Panels^.... .... 

200 



«Low surface temperature radiation is recommended regardless of the heating medium employed. 


The difference between the desired and the actual total radiant emission 
represents the additional heating effect which must be supplied by the 
hot surfaces to be installed. The temperature of the proposed hot surface 
must then be selected from Table 2, and its emission per square foot at 
that temperature determined from Table 1. The difference between this 
emission and that of the unheated surface replaced by the panel is 
divided into the total amount of additional heat needed, and the quotient 
will be the area of the required heating surfaces. 

These calculations depend on the accuracy of estimating the ultimate 
surface temperatures of the walls, windows, ceiling and floor surfaces 
under comfort conditions. Some unheated surfaces will absorb a large 
number of heat rays from the heated panels and thereby become warmer, 
giving off rays of longer wave length, while other surfaces will reflect a 
large percentage of rays and become simple reflectors of heat. Windows 
will be affected largely by curtains, shades or Venetian blinds and floors 
will be affected by rugs and carpets. 

Example 1 . The surface areas and over-all heat transmission coefficient for a residence 
room having a volume of 5760 cu ft are given in Table 3. Determine the amount of 
radiating smface to maintain a room air temperature of 65 F and an MRT of 71 F, with 
an outside temperature of zero, utilizing ceiling panels with circulating hot water at 
130 F which will maintain a surface temperature of approximately 115 F as given in 
Table 2. 

Solution. From Fig. 7 determine the estimated inside surface temperature for the 
various surfaces. In the case of the outside wall having a 17 — 0.25, it is found from the 


Table 3. Room Data for Solving Example 


Surface 

Area . j 
SqFY 

u 

Estimated ; 
Inside 
Surface 
Temp 
Deg F 

Emissivity 

e 

1 

Heat Emis- 
sion Btu 
PER Sq Ft 
PER Hour 

Total Heat 
Emission 
FROM Area 
Btu per 
Hour 

Outside Wall 

297 

0.25 

55.0 

0.95 

115.1 

34,200 

ClaA*; _ 

279 1 

1.13 , 

33.6 

0.92 

94.3 

26,300 

Inside Wall 

480 1 


60.(P 

0.95 

119.5 

57,300 

Ceiling. 

480 

“o .'26 

60.4 

0.95 

119.8 

57,500 

Floor 

480 

0.10 

60.0 

0.93 

117.0 

56,200 

Total 

2,016 



1 Avg.0.93 


231,500 


aNo heat loss through ipside wall; assume wall surface temperatme 60 F. 
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chart, that the intersection of this line with the zero outside temperature, that the surface 
temperature is 55 F. 

Since the glass temperature will depend on whether or not shades or curtains are 
provided, it may be assumed m offices and similar rooms that the whole glass surface 
will be exposed, whereas in residences, curtains may cover all or part of the window thus 
increasing the room MRT and reducing the human body heat loss. For this example it 
is assumed that the windows are partly covered with side curtains to the extent of about 
one-third. From Fig. 7 the surface temperature of the exposed glass corresponding to a 
U = 1.13, is 19 F. Assuming about a 2 F differential between the room air temperature 



Fig. 8. Heat Emission by Radiation from Panels when 
Surrounded by Surfaces of Various Temperatures 
Giving an Average MRT According to Curves 


and curtain surface temperature or 63 F, then one-third the difference between this value 
and the glass temperature results in a calculated average of 33.6 F. 

With a ceiling U = 0.20, the surface temperature for an unheated ceiling from Fig. 7 
is 57 F; multiplied by a factor 1.06 X 57 = ^.4 F. The surface temperature of the floor 
with a =s 0.10 is from Fig, 7 a value of 62F; multiplied by a factor 0.968 X 62 == 60 F. 

The emissivities are selected from Table 6, Chapter 3. The glass emissivity of 0.92 
in Table 3 was determined by taking one-third of 0.95 (curtain) and two-thirds of 0.90 
(glass). The heat emission in Btu per square foot per hour is taken from Table 1. 

The approximate natural mean radiant emission of the room from data in Table 3 
is 231,500 4- 2016 *= 114.8 Btu per square foot per hour which from Table 1 corresponds 
to an MRT of 57\F for an average emissivity of 0.93. With a ceiling surface temperature 
of 115 F and an emissivity of 0,95 from Table 1 the emission is 179.0 Btu per square foot 
per hour. The difference between 179 and 119.8 used in Table 3 is the additional heat 
emitted per square foot of warmed ceiling. 

For an MRT of 71 F having a heat emission of 127 Btu corresponding to an average 
emissivity of 0.93, the total emission for all the room surfaces is 2016 X 127 ~ 256,000 
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Btu per hour. Or an additional (256,000 — 231,500) = 24,500 Btu per hour will be 
required. The heated ceiling at 115 F and 0.95 emissivity releases 179 Btu or (179 — 
119.8) = 59.2 Btu per square foot per hour more heat than that allowed for an unheated 
ceiling. Therefore the surface required to be heated is approximately 24,500 59.2 = 

415 sq ft. 

Since the total ceiling area is 480 sq ft it is only necessary to utilize 415 sq ft to satisfy 
the necessary heating requirements. An alternative would be to heat the whole ceiling 
surface using a lower temperature circulating w’a ter. Also with the entire ceiling heated 
a slight margin of safety will be provided which is an advantage. 



Fig. 9. Heat Emission by Convection from Radiant Heat Panels with 
Still Air at Various Temperatures 


Example 2. Using the data in Example 1 calculate directly the reguired surface tem- 
perature if the entire ceiling area is utilized and the design room conditions are identical. 

Solution, From Example 1 it was shown that 256,000 Btu per hour were required to 
maintain the desired MRT in the room having a surface area of 2016 sq ft, and that 
24,500 Btu of additional heat was required above the natural heat emission of the room 
as shown in Table 3. Dividing 24,500 by 480 = 51.0 Btu per square foot per hour plus 
119.8 Btu per square foot per hour which is the heat emission of the unheated ceiling 
gives 170.8 Btu. From Table 1 and for an emissivity of 0.95 it is found that this amount 
of heat will be emitted from a surface at approximately 108.5 F. 

This surface temperature may be obtained by using circulating water at about 125 F 
instead of 130 F, or the embedded pipes may be spaced wide apart and the water tem- 
perature maintained at 130 F. i 

Example 3. Determine the total heat emitted from the ceiling surface in Eocample 1 
if it is maintained at a temperature to provide a room MRT of 71 F using the data in 
Figs. 8 and 9. 
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Table 4. Calculated Heat Losses for Example 


5 ,RFACE 

Are\ 

Ft 

U 

1 

1 

1 Heat Loss Calclxatiox 

1 

' Tot\l Hexvt 

1 Loss 

|Btu per Hour 

Outside Wall 

297 

0.25 

, 297 X 0.25 X (65 - 0) 

4,S20 

Exposed Glass 

186 

1.13“ 

1 186 X 1.13 X (65 - 0) 

13,650 

Covered Glass ' 

93 

O.o7*> 

1 93 X 0.57 X (65 - 0) 

3,440 

Inside Wall- 

480 

' 1 

No heat loss next to heated room ! 


Ci^iling _ 

480 


Heated surface 


Floor 

480 

1 o.To 

480 X 0.10 X (65 - 0) 

3,120 

Infiltration 

5760 cu ft X 1.25 air changes X (65 — 0) X 0.018 

Total 

8,430 

33,460 


aTwo-thirds window area assumed to be fully exposed with a 17 *= 1 13. 
bOne-third window area protected by side curtains with a reduction U = 0.57. 


Solution. The calculated heat losses of the room as outlined in Chapter 6 are given 
in Table 4. The MRT for all unheated surfaces in the room may be determined from 
Table 3, by adding the total heat emission from walls, floors and windows and dividing 
by the total surface, or 174,000 -r- 1536 = 113.5 Btu per square foot per hour. From 
Table 1 this emission from a surface having an emissivity of 0,93 corresponds to about 
55 F. 

Utilizing the entire ceiling area with a heat emission corresponding to a surface tem- 
perature of 108.5 F as determined in.jE«:atw;^/e;8, and with a surrounding average MRT of 
the unheated surfaces of 55 F as previously calculated, it will be found from Fig. 8 that 
the ceiling surface will emit 50 Btu per square foot per hour by radiation. With an air 
temperature of 65 F this same surface will emit (42 X 0.48) — 20.2 Btu per square foot 
per hour by convection according to Fig. 9. Then the, 

Total by radiation = 480 X 50 = 24,000 

Total by convection = 480 X 20.2 = 9,696 

33,696 Btu per hour 

The difference between 33,696 and 33,460 Btu in Table 4 results in a safety factor of 
236 Btu per hour. 

In case the ventilation rate of the room had been increased, more heat could be 
furnished by either adding wall panels or by introducing a positive source of ventilation 
air which could be externally heated to the correct temperature. 

MEASUREMENT OF RADIANT HEATING 

Radiant heating is intended to control the rate of radiant heat loss 
from the human body and should be measured by calorimetric methods. 

The apparatus for this purpose consists essentially of a cylinder, 
maintained at the accepted mean surface temperature of the human body, 
together with an accurate (usually electrical) measuring of the varying 
rate of heat supply required to maintain this exact temperature. This 
instrument, the eupatheoscope, is readily adapted to function like a 
thermostat so as to turn heat on or off, when the desired temperature of 
80 F, or any other predetermined surface temperature of the cylinder, 
decreases or increases as a result of changes in the equivalent temperature. 

For testing work, the ^ohe thermometer is a useful instrument. It 
consists of an ordinary mercury thermometer, with its bulb placed in the 
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center of a sphere from 6 to 9 in. in diameter, usually made of thin copper 
and painted black and sometimes covered with cloth. The temperature 
recorded by thermometer with its bulb in the center of the sphere is 
termed the radiation-convection temperature. See Chapter 35. 

CONTROL OF RADIANT HEATING 

The effectiveness of any type of control will largely depend on the time 
lag of the system. With warm air passing through floor ducts the time 
lag is usually too long for any kind of room thermostat, in fact this type 
of thermostat will not prove suitable with any system if the building is 



Fig. 10. Typical Radiant Heat Control System 


constructed with massive brickwork and masonry, unless it operates in 
conjunction with a time control responsive to changes in outside con- 
ditions. 

The heat emitted by hot water pipes embedded in the plaster of the 
ceiling and walls or in the concrete base of a floor can be effectively con- 
trolled by an instrument designed to modulate the temperature of the 
water circulating in the system according to the outside conditions. 
Metal panels which can be installed in the ceiling or side walls may be 
either controlled by an instrument responsive to outside weather con- 
ditions or by a specially designed instrument responsive to both air 
temperature and radiation. Any purely on or off control system is not 
recommended for radiant heating. 

A typical control system operated from an outside thermostat, and 
supplemented with a room heat control instrument is illustrated in Fig. 10. 
The outside thermostat modulates the temperature of the circulating 
water in the coils by introducing some of the hot water leaving the boiler 
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with a proportionate amount of return water which is diverted to the 
three-way valve. 

One type of room instrument consists of a blackened copper sphere of 
6 or 8 in. in diameter, in which a cylindrical sump contains a volatile 
liquid. A small electric heating coil creates in the sphere a vapor pressure 
which remains constant as long as the total heat loss from the sphere is at 
the desired rate. If the equivalent temperature becomes too high for 
comfort, a greater vapor pressure results from the smaller heat loss from 
the sphere. This acts on a diaphragm and reduces the supply of heat to 
the room. With too low an equivalent temperature the reverse action 
occurs. A similar instrument w^hich has an electric heating element for 
warming the air inside the sphere and thermostat operated switch is also 
used for controlling room conditions. 

In addition to a thermostatically controlled device for modulating the 
temperature of the circulating w^ater, it is an advantage to insert in each 
coil a locked flow control or adjustable resistence to give uniform con- 
ditions throughout all rooms. Owing to unforseen difficulti^ with 
varying frictional losses in pipes, emission factors and exposures it is an 
advantage to be able to permanently regulate the flow through each 
circuit by means of a key operated valve as indicated in Fig. 4. 

« 
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CHAPTER 46 
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uppl^ 


Hoi Wstier Supply Piping, Sior&ge Capacity and Heating 
Loads, Methods of Heating Water, Computing Grate and Coil 
Surface Area, Controls, ^lar Water Heaters 


I N computing the total heating load for a building, it is important to 
allow ample boiler capacity for heating the hot water supply. The 
amount of warm water used in any large building is variable, depending 
on the type of structure, usage, occupancy and time of day. It is neces- 
sary to provide the piping, water heating and storage facilities of suf- 
ficient capacity to meet the peak demand without wasteful excess in 
equipment cost. 

The determination of the amount of water used in residences has been 
well established over a period of time and as a result, reliable factors for 
water consumption are available. Tests have been made of the amount 
of water required by standard fixtures in normal use with water at 
ordinary pressures so that this information permits a fairly correct basis 
of design. 

HOT WATER SUPPLY PIPING 

As a result of investigations conducted at the National Bureau of 
Standards^ basic design principles have been outlined for the design of the 
hot and cold water supply piping requirements in a plumbing system^. 

It is common practice to provide circulating piping in all hot water 
supply systems in which it is desirable to have hot water available con- 
tinuously at the fixtures. In average sized and small residences and 
systems, in which the piping from the heater to the fixtures is short, 
return circulating piping is generally omitted in order to reduce instal- 
lation cost and to reduce heat loss from the piping, particularly during 
periods of no water demand. 


^Methods of Estimating Loads in Plumbing Systems, by R. B. Hunter {National Bureau of Standards, 
Report BMS65, 19^). Plumbing Manual, Report of the Subcommittee on Plumbing, Central Housing 
Committee on Research, Design and Construction {National Bureau of Standards, Report BMS66, 1940). 
Water-Distributing Systems for Buildings, by R. B. Hunter {National Bureau of Standards, Report BMS79, 
1941). 
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The hot water supply may be distributed by either an up-feed or down- 
feed piping system. Three common methods of arranging the circulating 
lines are shown in Fig, 1. Although the diagrams apply to multi-story 
buildings the arrangements (a) and (b) are sometimes used in residential 
designs. 

A check valve should be provided in the run-out from each return riser 
to prevent temporary’ reversal of flow in the piping when a faucet is open. 
Proper air venting of a circulating system is extremely important, par- 
ticularly if gravity circulation is employed. In Fig. 1 (a) and (6) this is 
accomplished by connecting the circulating line below the top fixture 




Vent 




I 

>\ 

& 

3 

A 

I 


I 



Fig. 1. Methods of Arranging Hot Water Circulation Lines 


supply. With this arrangement, air is eliminated from the system each 
time the top fixture is opened. 

Where an overhead supply main is located above the highest fixture as 
in Fig. 1 (c), an automatic float type air vent is installed at the highest 
point of the system or a fixture branch is connected to the top of the main 
where air venting is desired and then dropped to the fixture outlet. 

It is sometimes necessary to make an allowance for pressure drop 
through the heater when sizing hot water lines. This is particularly true 
where instantaneous hot water heaters are used and the available pressure 
is low. 


STORAGE CAPACITY AND HEATING LOAD 

In estimating the size of hot water storage tank required and the 
heating capacity to be provided either from the boiler or from an inde- 
pendent domestic hot water heater, it is necessary to know the total 
quantity of water to be heated per day, and the maximum amount which 
will be used in any one hour, as well as the duration of the peak load. 

In cases where the requirements for hot water are reasonably uniform, 
as in residences, apartment buildings, hotels, and the like, smaller storage 
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capacity is required than in the case of factories, schools, office buildings, 
etc., where practically the entire day’s usage of hot water occurs during a 
very short period. Correspondingly, the heating capacity must be pro- 
portionately greater with uniform usage of hot w^ater than with inter- 
mittent usage where there may be several hours between peak demands 
during which the water in the storage tank can be brought up to tempera- 
ture. As a general rule it is desirable to have a large storage capacity in 
order that the heating capacity and consequently the size of the heater, 
or the load on the heating boiler, may be as small as possible. 

In estimating the hot water which can be drawn from a storage tank 
it should be borne in mind that only about 76 per cent of the volume of 
the tank is available, as by the time this quantity has been drawn oS the 
incoming cold water has cooled the remainder down to a point where it 
can no longer be considered hot water. 

Where steam from the heating boiler is used to heat domestic hot water, 
the computed load on the boiler should be increased by 4 sq ft EDR 
(equivalent direct radiation) for every gallon of water per hour heated 

100 8 33 

through a 100 F rise. The actual requirement is 246 ~ ^ 

per gallon of water heated 100 F. The value of 4 allows for transmission 
losses, etc. 

There are two ways in common use of estimating the hot water require- 
ments of a building; first, by the number of people and second, by the 
number of plumbing fixtures installed. Where the number of people to 
be served is known or can be reasonably estimated, the data in Table 1 
may be used. 

Example 1, From Table 1, a residence housing five people would have a daily 
requirement of 5 X 40 =» 200 gal per day, and a maximum hourly demand of 200 X 


Table 1. Estimated Hot Water Demand per Person for 
Various Types of Buildings 


Type of 
Building 

Hot Water 
Required 

AT 140 F 

Max. Hourly 
Demand in 
Relation to 
Day's Use 

Duration 
OF Peak 
Load 
Hours 

Storage 
Capacity in 
Relation to 
Day's Use 

Heating 
Capacity in 
Relation to 
Day’s Use 

Res., apts., 
hotels, etc. 

40 gal per 
person pea: day 


4 

H 


Office 

buildings 

2 gal per 
person per day 

H 

2 

H 

H 

Factory 

buildings 

5 gal per 
person per day 


1 

% 

H 

Restaurants 
$0.50 meals 
$1.00 meals 
$1.50 meals 

1.5 gal per meal 

2.5 gal per meal 

4.5 gal per meal 

• 


Ho 

Ho 

Restaurants 

3 meals per day 


Ho 

8 

H 

Ho 

Restaurants 

1 meal per day 


H 

2 

H 

H 
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= 28.5 gal. The heater should have a storage capacity of 200 X = 40 gal and a 
heating capacity of 200 X M = 28.5 gal per hour. 

The conditions given in Example 1 may be cited as average. It is 
possible to vary the storage and heating capacity by increasing and 
decreasing one over the other. Such a condition is illustrated in Ex-- 
ample 2, 

Example 2. Assume an apartment house housing 200 people. From the data in 
Table 1: Daily requirements = 200 X 40 = 8000 gal. Maximum hours demand — 
8000 X H - 1140 gal. Duration of peak load = 4 hours. Water required for 4-hour 
peak = 4 X 1140 = 4560. 

If a 1000 gal storage tank is used, hot water available from the tank = 1000 X 0.75 
= 750. Water to be heated in 4 hours = 4560 — 750 - 3710 gal. Heating capacity per 

hour = j • = 930 gal. 

If instead of a 1000 gal tank, a 2500 gal tank had been installed, the required heating 
,, 4560 - (2500 X 0.75) 

capacity per hour would be ^ = d 71 gal. 

In cases where only the number of fixtures is known, the data in 
Table 2 have been found satisfactory. 

Example 3. An apartment building has a hot water requirement as follows: 

60 lavatories. X 2 = 120 gal per hour 

30 bath tuba. X 20 = 600 gal per hour 

30 showers. X 75 = 2250 gal per hour 

60 kitchen sinks. X 10 = 600 gal per hour 

15 laundry tubs X 20 = 300 gal per hour 

Maximum hourly requirement = 3870 gal per hour 

Hourly heating capacity. = 3870 X 0.30 = 1161 gal per hour 

Storage capacity. = 1161 X 1.25 = 1450 gal per hour 


Table 2. Hot Water Demand per Fixture for 
Gallons of water per hour per fixture^ calculated at 


Various Types of Buildings 
a final temperature of 140 F 


Basins, private lavatory. 


Basins, public lavatory . 


Bathtubs 


Foot basins 

Batchen sink. 

Laundry, stationary tubs 
Pantiysink 


Showers 


Hourly heating capacity 
factor 


Storage capacity factor . . 


Apabt- 

MENT Club 
House 


15 i 50-150 


Gym- I Hos- 


Indus- Oppicb Pbivatb y-tw 

TRIAL Build- Rbsi- School 
Plant ing dbnce 


50-150 50-200 





15 20-100 20-100 



30% 30% 40% 25% 25% 


125% 90% I 100% 60% 80% 


40% 30% 30% 40% 40% 


100% 200% 70% 100% 100% 
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METHODS OF HEATING WATER 

Hot water may be heated either by the direct combustion of fuel, by an 
intermediate carrier such as steam or hot water, or by electrically heated 
surfaces. The simplest method is to have the fire on one side of a metal 
barrier and water on the other. In such a method if the water surfaces 
of heat transfer are small, and if the water carries a hea\y proportion of 
precipitable salts, the w’ater passages may soon clog and then burn out. 
A familiar example of such trouble is the water back of the firebox in the 
kitchen stove or the pipe coil inserted into the firebox of a warm air 
furnace or small boiler. The critical water temperature at which the 
lime, magnesia, etc. collect on hot surfaces, varies with the character and 
proportions of the solids, but generally such deposits are not a serious 
trouble with water temperatures lower than 140 F. 

Coal-burning direct-fired water heaters may be constructed of cored 
cast-iron sections or of steel. In some cases the external appearance of 
the cast-iron sections is the same as in heating boilers, but internally the 
cores are changed to enable the sections to withstand the city water 
pressure. In small capacity' water heaters, efficiency is not considered so 
important as low first cost and ability to maintain a fire at a low rate of 
combustion and consequently such heaters are generally built with a dry 
section or fire-brick lining at the base of the fire-pot to prevent too much 
chilling of the fuel. While mud and scale will eventually clog the water 
ways of any direct-fired heater, increased life may be obtained by pro- 
viding a three-way cock in the return line between the heater and the 
bottom of the storage tank, so that water can be blown through the 
heater or the tank separately at full line pressure to clean out loose 
sediment. Clean-out openings in the bottom of the heater are advan- 
tageous if used by operators of water heaters for periodic cleaning out of 
sediment. 

Oil-burning direct-fired water heaters usually are of steel and operate 
with higher flame temperature and better efficiency then commensurate 
sized coal-burning heaters. They have the same tendency as coal boilers 
to lime up, and the water passages should be large in cro^-section and 
accessible for periodic cleaning. 

Gas-burning direct-fired water heaters may be of the instantaneous or 
storage type. Instantaneous heaters are generally constructed of spiral 
water tubes of copper around which the products of combustion circulate 
upward from high capacity burners. Storage-type heaters may include 
in one unit an insulated storage tank, a combustion chamber, flues, 
burner equipment and controls, or may consist of a separate storage tank 
and external direct-fired water heater, which may be a so-called side-arm 
heater for small capacity or a gas-fired boiler for larger capacity. Gas 
boilers used for direct hot water supply must be able to withstand the 
city water operating pressure. While direct-fired gas heaters are used 
generally for residences and small installations of 100 gal storage capacity 
or less, indirect heaters are recommended for larger installations. 

In the indirect method either steam or hot water is used for heating the 
water. With steam the water to be heated is preferably circulated 
around the outside of the steam tubes which are submerged within a 
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tank, A typical indirect heater using steam is shown in Fig. 2. The 
coils usually are of copper and are U shaped to permit expansion and 
contraction. The shell may be of steel, copper or with a special inside 
protective lining. Where straight heating tubes are used, one end of the 
tube is usually expanded into a floating head to take care of expansion. 
The coils should be capable of easy withdrawal for inspection and for 



Fig. 2. Indirect Water Heater 


T hot water to fixturts 



Fig. 3. Indirect Water Heater Mounted on Fig. 4. Indirect Water 
Side of Boiler Heater Placed in Boiler 

removal of scale. Instead of steam the heating medium may also be hot 
water inside the tubes. 

Another method of transferring heat from a heating boiler to the 
domestic water is illustrated in Fig. 3. The water heater is generally a 
cast-iron shell within which there is located a spiral copper coil. Hot 
water from the boiler circulates inside the shell and around the coil and 
returns to the boiler, while domestic water from the storage tank circu- 
lates inside the coil. The storage tank should be installed with the 
bottom of the tank as far above the boiler as possible. Horizontal storage 
tanks smaller than 18 or 20 in. diameter are not recommended because 
of the difficulty of preventing the hot and cold water from mixing, and 
especially is this an important consideration when large queintities of 
water are withdrawn. In Fig. 4 the heat transfer surface is placed inside 
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the boiler instead of in a separate vessel, but othen\dse the operation is 
similar to that of Fig. 3. This arrangement with vertical tank is com- 
monly used for small domestic installations. 

Sometimes the heating element is located inside of the larger type 
fire tube boilers and small residential boilers. In this case the heat 
transfer surface is in the form of a number of straight copper tubes with 
rear U bends or a floating head, inserted through a special opening in the 
boiler. While the coil may be located in the steam space above the water 
line of a steam boiler, it operates more satisfactorily when below the 
water line since clogging of the water tubes may thereby be delayed. 
This method is widely used without storagfe tanks since the intimate 
contact and efficient circulation of the water in this arrangement permit 
the utilization of the heat stored in the water of the boiler. A thermo- 
static three-way mixing valve is frequently used to maintain a uniform 
temperature of the hot water supply to the plumbing fixtures. 

In order to reduce clogging by precipitated solids, water heating plants 
sometimes develop steam in a closed circuit, transferring the heat through 
a tubular heater to the domestic water. The water in the primary 
heater, exposed to the high temperature of the fire, is repeatedly used and 
hence has no appreciable tendency to deposit scale, while the domestic 
water, heated by steam at a much lower temperature than that of the 
fire, also exhibits a much reduced tendency to precipitate its dissolved 
salts. 


COMPUTING AREA OF HEAT TRANSMITTING SURFACE 

The area of the inside surface of a heating coil may be determined 
from Equation 1. 

^ ^ Q X 8.33 fe - k) 

where 

A = surface area of coil, square feet. 

Q = quantity of water heated, gallons per hour. 
h — hot water outlet temperature, degrees Fahrenheit. 
h — cold water inlet temperature, degrees Fahrenheit. 

Izq = coefficient of heat transmission, Btu per hour per square foot surface. 

For copper or brass coils ko = 240 (steam) and 100 (hot wsiter). 

For iron coils ko =* 160 (steam) and 67 (hot water). 

/jjj = logarithmic mean of the difference between the temperature of the heating 
medium and the average water temperature and is approximately: 



ts = temperature of the heating medium, degrees Fahrenheit. 

Equation 1 may be used to check the heating coil ratings under tempera- 
ture conditions differing from those stated in the manufacturer's published 
ratings. ^ 

Example Jk , , What area of copper transfer surface will be required to heat 70 gal per 
hour from 40 to 180 F with boiler water at 220 F? 
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For instantaneous submerged heaters the surface required will depend 
upon (1) the velocity of water in the tubes (2) the boiler water tem- 
perature (3) the inlet water temperature (4) the outlet water temperature 
(5) the cleanliness of the coil surface and (6) the condition of the boiler 
water surrounding the coil. If the heater is located in the water of an 
actively steaming part of a boiler the heat transfer may be twice as great 
as would be obtained if the water surrounding the coil were circulating 
slowly. Ratings of instantaneous water heating coils will therefore vary 
greatly depending upon the assumptions made regarding the conditions 
of operation. The values of the coefficient of heat transmission for 
instantaneous heaters shown in Table 3 are conservative. 


Table 3. Coefficient of Heat Transfer of Instantaneous Water Heaters 
k = Btu per hr per sqft per degree Fahrenheit logarithmic mean temperature difference 


Boiler Water Temperature 

k 

210 

225 

200 

175 

180 

150 


For a coil in which heat is transferred from steam to water the value of 
k = 300 may be safely used, (v = velocity of water in feet per second). 

The rate of heat transfer between steam or water as the carrier and the 
domestic water is influenced by the rate of movement of both the carrier 
and the water which receives the heat. For this reason, where the tratnsfer 
occurs from heating system water to domestic water, it is good practice to 
install a circulating pump to insure rapid movement of the boiler water. 

In view of the high condensation rates obtained when steam is used with 
gravity circulation from the boiler, as when there is a sudden demand 
followed by an inflow of cold water, the bottom of a steam heating trans- 
fer element always should be at least 30 in. above the boiler water line, 
and the steam and condensate return pipes should be of liberal size. 
Otherwise water hammer and reduced capacity may result due to im- 
perfect drainage of condensate. 

When connecting a transfer-type hot water heater below the water 
line of a cast-iron steam boiler having vertical sections, there should be a 
separate tapping for water circulation into every section of the boiler, as 
shown in Fig. 3, unless the boiler has large top nipple ports providing 
inter-sectional circulation. If the top nipples are entirely within the 
boiler steam space, no internal circulation occurs between sections and 
steaming may occur in any section not connected to the indirect heater 
and further the unconnected sections will not deliver any heat to the 
water heater. 


COMPUTING GRATE AREA FOR COAL-FIRED HEATER 


The grate area required for a small coal-fired water heater may be 
calculated by Equation 2. 


r - ^ fe - ^0 X 100 
HXEXC 


( 2 ) 
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where 

G = grate area, square feet. 

W = weight of water, pounds per hour. 

h—k = temperature difference between entering and leaving water, degrees Fahrenheit. 
H = heating value of coal, Btu per pound. 

C = w'eight of coal burned, pounds per hour per square foot of grate. 

E = efficiency, per cent. 


In a small heater 4.5 lb is a conservative value for C, and an efficiency 
of 60 per cent would represent excellent performance. 


Example 5. 'Wliat grate area is required for a coal-burning water heater warming 
100 gal per hour of water from 50 to 180 F, when the combustion rate is 4.5 Ib per hour 
per square foot of grate, if the heating value of the fuel is 12,500 Btu per pound, and the 
efficiency is 60 per cent? 


Substituting: 


100 X 8.3 X (180 - 50) X 100 
12,500 X 60 X 4.5 


3.2 sq ft. 


The quantity of gas, oil, or other fuel required per hour for water 
heating may be calculated by Equation 3. 

^ Wih- k) X 100 

^ WWe 

where 

F = units of fuel (lb, cu ft, gal, etc). 

H = heating value of fuel, Btu per unit. 

W « weight of water, pounds per hour. 

k—k = temperature difference between entering and leaving water, degrees Fahrenheit. 
E = efficiency, per cent. 

Efficiencies for oil and gas may be taken as 75 and 80 per cent respec- 
tively. The heating value of the fuel and the temperature rise should be 
determined to suit local conditions. 


CONTROL OF SERVICE WATER TEMPERATURE 

Coal-fired boilers are usually controlled by an immersion thermostat 
located in the heated water, which opens or closes draft dampers at the 
boiler to adjust the rate of fuel combustion. With oil- or gas-fired boilers 
the immersion thermostat controls the oil burner motor or the automatic 
gas valve. The gas pilot flame usually burns continuously. With electric 
heaters the immersion thermostat operates a switch on the source of 
energy. 

When steam or hot water is the medium for heating the water in the 
tank, immersion thermostat controls a valve in the steam or hot water 
supply line. In small residence installations using water as the carrier a 
combined immersion thermostat and butterfly valve all in one simple 
fitting may be installed in the transmitting circuit to prevent overheating 
of the service water. 

In residences heated by pump circulated hot water, the house tempera- 
ture is controlled by operating the circulating pump intermittently, 
while domestic hot water is warmed by transfer from the house boiler, 
independent of the pump operation. The domestic water is heated from 
the heating boiler the year 'round. Under such an arrangement, to 
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prevent overheating the house by thermal circulation when the pump is 
not running, it is usual to insert a weighted check-valve in the house 
heating main, so that no circulation to the house heating system can 
occur unless the pump operates. In summer the fire may be controlled 
to maintain a boiler water temperature lower than when heating and 
generally about 20 F warmer than that desired in the domestic hot water 
system. 

In buildings which have restaurants it is generally desirable to install 
two separate service hot water systems so that water at about 180 F 
minimum may be available for dish washing, while water at 140 F maxi- 
mum may be used for lavatory and bath purposes. 

The immersion thermostat in a hot water storage tank should be located 
no higher than the center of the tank, and possibly should be even closer 
to the bottom since water in a tank stratifies proportionally to the tem- 
p)erature. When hot water is removed, the cold water entering to replace 
it quickly reduces the temperature in the lower parts of the tank. 


SOLAS WATER HEATERS 


Solar heaters utilize the energy of the sun for heating hot water. The 
successful operation of such heaters requires the availability of sunshine 
practically every day in the year, which has limited their use to Florida 
and the southern portions of California. When supplemented with some 
other means of gas, coal or oil water heating, solar heaters may be used 
in climates where sunshine may be more or less intermittent. They have 
been used in summer homes as far north as Chicago. When properly 
installed and proportioned, solar water heaters render satisfactory service 
especially in climates where the outside temperatures are high and 
extremely hot water is not necessarily desirable. Such installations 
consist essentially of a storage tank, heating coil and hot box. The coil is 
installed in the hot box and is arranged to circulate water to and from the 
storage tank. The advantage in the use of this type of heater is the fact 
that it requires no fuel. The same materials should be used for the coil, 
circulation lines and tank. A copper coil is more efficient in absorbing 
heat in the box but galvanized iron or steel may be substituted depending 
on the local water conditions, cost and other considerations. 

The storage tank must be able to store sufficient heated water for the 
night period of about 16 hours when the coil is not functioning or is 
operating under such poor sun conditions as to make its heating effect 
negligible. Due to the fact that the no sun period includes the night 
period when little or no hot water is used, an available storage of 50 
per cent of the average daily usage is considered adequate. Since about 
25 per cent of stored hot water cannot be drawn out of a storage tank 
before the incoming cold water reduces the temperature of all of the 
water in the tank to an unsatisfactory point for usage, the equation for 
calculating the storage capacity of the tank becomes: 


where 


^ _Q X 0.50 
“ 0.75 


- 0.666Q 


(4) 


S = storage capacity of tank, gallons, 
Q = average daily usage, gallons. 
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Thus for a family of four persons using an average of 40 gal of hot water 
per person per day the size of the tank w'ould be 4 persons x 40 gal x 0.666 
or 106 gal, and the nearest standard size of tank to this theoretical 
capacity would be used. The tank should be well insulated to prevent 
undue loss of heat during the 16-hour period when the coil is inoperative, 
and it should be located as high as possible in the building (under the 
peak of the roof if such exists) so as to secure a maximum circulation head 
from the coil. The hot water supply to the house, as shown in Fig. 6, is 
located at the top of the tank, which serves to air vent the tank by blowing 
air out through the hot water faucets in small bubbles ^s fast as it ac- 
cumulates. 

The coil should be of the return-bend type, square or slightly rec- 
tangular in form, and should have the pipes running east and west, with 



Fig. 5. Solar Heater Fig. 6. Solar Heating 

Tank Connections Coil Inclination 


the coil on the south side of the building where it can receive the full sun 
effect all day long without shadows from the building itself or from 
adjacent obstructions such as trees or other structures. The coil should 
be placed as low as possible in relation to the storage tank level, such as on 
a porch roof, the roof of a one-story extension or, if necessary, even on the 
ground. Both the coil and the circulation lines should be designed to 
facilitate the circulation flow as much as possible using long radius copper 
fittings or recessed galvanized iron fittings to match the materials of the 
coil, circulation lines and tank. The coil should be inclined as shown in 
Fig. 6 so that the north end is raised above the south end to secure an 
angle with Ae horizontal of about 53 deg. This will result in the inlet 
end of the coil being on the south side (or bottom) and Ae outlet end 
being on the north side (or top). This will satisfy conditions along the 
30 deg N latitude which includes the portions of Florida and Southern 
California where these heaters are most frequently used. 

The hot box is usually constructed of wood on the four sides and 
bottom, and is insulated. Over the top of the box glass sash are pla^ and 
the box should be constructed as near air-tight as possible. The interior 
surfaces should be painted white to reflect the heat while the coil should 
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Table 4. Suggested Solas Heater Design Data® 


Design Item 

Based on Rate of 30 Gal 

PEB Dat peb Pxbson 

Based on Rate of 40 Gal 

PEB Dat peb Pebson 

No Occupants in Residence . 

1 

2 

3 

4 

5 

6 

7 

8 

1 

2 

3 

4 

5 

6 

7 

8 

Hot Water Used at Night, gal pa- 

















peraoiL .... 

15 

15 

15 

IS 

15 

15 

15 

15 

20 

20 

20 

20 

20 

20 

20 

20 

Hot Water Used at Night, gal total-.. 

15 

30 

45 

60 

75 

90 

105 

120 

20 

40 

60 

80 

100 

120 

140 

160 

Retained in Tank, 25 per cent, gal 

4 

8 

11 

’ 15 

Id 

23 

27 

30 

5 

10 

15 

20 

25 

30 

35 

40 

Tank Capacity Required*, gal 

20 

40 

59 

75 

94 

113 

130 

150 

25 

50 

75 

100 

125 

150 

175 

200 

Hot Water Used During Day, gal .. 

15 

30 

45 

60 

75 

90 

105 

120 

20 

40 

60 

80 

100 

120 

140 

160 

Total Water to be Heated: 

















Gal per S hr period, 

35 

Hj 

104 

135 

169 

203 

235 

mm\ 

45 

K] 

135 

mm 

225 

270 

315 

mm 

Gal per hour 

4.5 

g 

13 

17 

21 

26 

29 

34 

6 

12 

17 

23 

28 

34 

39 

45 

Copper Coil Required: 

















Surfece area, sq ft. 

25 

50 

75 

■om 

121 

145 

168 

192 

32 

64 

96 

128 

160 

192 

224 

256 

Equivalent length 1 in. coil, ft .... 

Ba 


Kg 

m 

484 

IB 

664 

768 

128 

256 

384 

512 

IB 

768 

896 

m 

Box Size: 

















Area, sq ft - 

25 

50 

75 

100 

121 

145 

168 

192 

32 

64 

96 

128 

160 

192 

224 

256 

Width, ft 

4 

6 

7 

8 

9 

10 

10 

n 

4 

6 

8 

9 

10 

11 

12 

12 

Length, ft. - 

6 

8 

11 

12.5 

13.5 

14.5 

16.5 

17.5 

8 

10 

12 

14 

16 

18 

19 

21 


aSun Effect and the Design of Solar Heaters, by H. L. Alt (A.S.H.V.E. Transactions, Vol. 41, 1935, 
p. 131), 


be painted black to absorb the heat. The box need not be deeper than 
necessary to house the coil and to protect it from the weather. 

The addition of a light gage copper plate on the bottom of the box to 
which the pipe of the coil is soldered, for good metallic contact, will add 
to the amount of heat received by the coil due to the fact that this plate 
will receive all of the sun rays which fail to directly strike the coil. The 
heat from this source is transmitted to the coil through the plate instead 
of by heating the air surrounding the coil and from which only part of the 
heat enters the coil, the balance being transmitted through the glass sash. 

Design data given in Table 4 may be used with some judgment in 
selecting the size of solar heater coil and box for a particular application. 
These data are based on consumptions of 30 and 40 gal of hot water 
per day per person. 


REFERENCES 

Laundry, Kitchen and Hospital Equipment, by H. C. Russell (A.S.H.V.E. Trans- 
actions, Vol. 35, 1929, p. 45). 

Water Consumption, Cost and Savings, by G. C. St. Laurent {American Hotel 
Association^ Hotel Engineering^ Vol. 1, 1940). 

^ Rumbmi^ Practice and Design, by Svend Plum Qohn Wiley & Sons, Inc., New York, 
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Glos^ry of Phyaicstl and Heating, Ventilating, Refrigerating 
and Air Conditioning Terms Used in the Text 


Absolute Humidity: See Humidity, 

Absolute Pressure: The pressure referred to that of a perfect vacuum. It is the sum 
of gage pressure and barometric pressure. 

Absolute Temperature: A reading on the absolute temperature scale. Absolute 
temperature is obtained by adding 459.70 degrees to the Fahrenheit temperature. 

Absolute Zero; The zero point on the absolute scale 459.70 F below the zero of the 
Fahrenheit scale. 

Acceleration: The rate of change of velocity. In the fps system this is expressed 
in units of one foot per second, a = F -5- /. 

Acceleration Due to Gravity: The rate of gain in velocity of a freely falling body, 
the value of which varies with latitude and elevation. The international gravity standard 
has the value of 980.665 cm per second per second or 32.174 ft per second per second, 
which is the actual value of this acceleration at sea level and about 45 d^ latitude. 

Adiabatic: An adjective descriptive of a process in which no heat is added to or 
extracted from the system executing the process. 

Air Cleaner: A device designed for the purpo^ of removing air-bome ^purities 
such as dusts, fumes and smokes. (Air cleaners include air washers and air filters.) 

Air Conditioning: The simultaneous control of all or at least the first three of those 
factors affecting both the physical and chemical conditions of the atmosphere within 
any structure. These factors include temperature, humidity, motion, distribution, 
dust, bacteria, odors and toxic gases, most of which affect in greater or lesser degree 
human health or comfort. (See Comfort Air Conditioning,) 

Air Washer; An enclosure in which air is forced through a spray of water in order 
to cleanse, humidify, or dehumidify the air. 

Anemometer: An instrument for measuring the velocity of moving air, 

Atmo^heric Pressure: The pressure indicated by a barometer. Standard atmospheric 
pressure is a pressure of 76 cm mercury (density 13.5951 grams per cubic centimeter, 
gravity 980.665 cm per second per second). It is equivalent to 14.6959 lb per square 
inch or 29.921 in. of mercury at 32 F. 

Baffle: A plate or wall for deflecting gases or fluids. 

Blast Heater: A set of heat transfer coils or sections used to heat air which is drawn 
or forced through it by a fan. 

Boiler Heating Surface: That portion of the surface of the heat-transfer apparatus in 
contact with the fluid being heated on one side and the gas or refractory being cooled 
on the other, in which the fluid being heat^ forms part of the circulating system; this 
surface shall be measured on the side receiving heat. This includes the boiler, water 
walls, water screens, and water floor. (A.5.ilf«fe. Power Test Codes, Series 1929.) 

Boiler Horsepower: The equivalent evaporation of 34.5 lb of water per hour from 
and at 212 F. This is equal to a heat output of 970.3 X 34.5 — 33,475 Btu per hour. 

British Thermal Unit: A unit of energy defined in terms of the international steam- 
table calorie through the convenient relation 1 Btu per pound per degree Fahrenheit 
» 1 cal per gram per degree Centigrade. It is approximately the quantity of heat 
required to raise the temperature of 1 lb of liquid water from 63 to 64 F. 
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By-pas$: A pipe or duct, usually controlled by valve or damper, for conveying a fluid 
around a main control valve or damper. 

Calorie: (Leu^e calorie or kilogram calorie) is equal to 1000 international steam-table 
calories = 1/860 international kilowatthour. For practical purposes it may be con- 
sidered as 1/100 of the heat required to raise the temperature of 1 kilogram of water 
from 0 to idO C. 

Central Fan System: A mechanical indirect system of heating, ventilating, or air 
conditioning, in which the air is treated or handled by equipment located outside the 
rooms served, usually at a central location, and is conveys to and from the rooms by 
means of a fan and a system of distributing ducts. (See Chapter 21.) 

Chimney Effect: The tendency in a duct or other vertical air passage for air to rise 
when heated, owing to its decrease in density. 

Coefficient of Heat Transmission: The amount of heat (Btu) transmitted from air to 
air in one hour per square foot of the wall, floor, roof or ceiling for a difference in tem- 
perature of 1 F between the air on the inside and that on the outside of the wall^ floor, roof or 
ceiling. 

Comfort Air Conditionins: The process by which simultaneously the temperature, 
moisture content, movement and quality of the air in enclosed spaces intended for 
human occupancy may be maintained within required limits. (See Air Conditioning.) 

Comfort Line: The effective temperature at which the largest percentage of adults 
feels comfortable. 

Comfort Zone {Average)’. The range of effective temperatures over which the majority 
(50 per cent or more) of adults feel comfortable. Comfort Zone {Extreme) ; The range of 
effective temperatures over which one or more adults feel comfortable. (See Chapter 2.) 

Concealed Radiator: A heating device located within, adjacent to, or exterior to the 
room being heated but so covered or enclosed or concealed that the heat transfer surface 
of tie device, which may be either a radiator or a convector, is not visible from the room. 
Sudi a' device transfers its heat to the room largely by convection air currents. 

Conductance: The amount of heat (Btu) transmitted from surface to surface in one 
hour through one square foot of a material or construction, whatever its thickness, when 
the temperature difference is 1 F between the two surfaces. 

Conduction: The transmission of heat through and by means of matter unaccom- 
panied by any obvious motion of the matter. 

Conductivity: The amount of heat (Btu) transmitted in one hour through one square 
foot of a homogeneous material 1 in. thick for a difference in temperature of 1 F between 
the two surfaces of the material. 

Conductor (Heat): A material capable of readily conducting heat. The opposite of 
an insulator or insulation. 


Constant Relative Humidity Line: Any line on the psychrometric chart representing a 
series of conditions which may be evaluated by one percentage of relative humidity; 
there are also constant dry-bulb lines, wet-bulb lines, ^ective temperature lines, vapor 
pressure lines, and lines showing other physical properties of air mixed with water vapor. 

Convection: The transmission of heat by the circulation of a liquid or a gas such as 
air. Convection may be natural or forced. 

Convector; A heat transfer siufface designed to transfer its heat to surrounding air 
largely or wholly by convection. Such a surface may or may not be enclosed or concealed . 
When concealed and enclosed the resulting device is sometimes referred to as a concealed 
radiator. (See also definition of Radiator (See also Chapter 13.) 

Decibel: A unit commonly used for expressing sound or noise intensities referred to 


an arbitrary reference level. It is defined by the relation db = 10 logio where Pi is 

Po 

the unknown intensity, and Po is the reference level which is commonly taken as 10-^® 
watts per square centimeter. 

Desree-Day; A unit, based upon temperature difference and time, used in specifying 
the nominal heating load in winter. For any one day there exists as many degree-days 
as there are degrees Fahrenheit difference in temperature between the mean temperature 
for the day and 65 F. 

Degree of Saturation or Per Cent Saturation: The ratio of actual humidity ratio W to 
the saturation humidity ratio Ws corresponding to the actual temperature and the 
j IF / . . . 1.1 1 . .. 1 ,.... 


observed pressure. 


(Approximately the same as but not identical with relative 


humidity. See Chapter 1). 
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Dehumidificatlon: The condensation of water vapor from air by cooling below the 
dew-point. 

Dehydrafion: The removal of water vapor from air by the use of adsorbing or absorb- 
ing materials. 

Density: The weight of a unit volume, expressed in pounds per cubic foot, d = IT -5- F. 

Dew-Point Temperature: The temperature corresponding to saturation (100 per cent 
relative humidity) for a given moisture content. 

Direct-Indirect Heating Unit; A heating unit located in the room or space to be heated 
and partially enclosed, the enclosed portion being used to heat air which enters from 
outside the room. 

Direct Radiator: Same as Radiator, 

Direct-Return System {Hot Water): A hot water system in which the water, after it 
has passed through a heating unit, is returned to the boiler along a direct path so that 
the total distance traveled by the water is the shortest feasible, and so that there are 
considerable differences in the lengths of the several circuits composing the system. 

Down-Feed One-Pipe Riser {Steam): A pipe w-hich carries steam downward to the 
heating units and into which the condensation from the heating units drain. 

Down-Feed System {Steam): A steam heating system in which the supply mains are 
above the level of the heating units which they serve. 

Draft Head {Side Outlet Enclosure): The height of a gravity convector between the 
bottom of the heating unit and the bottom of the air outlet opening. {Top Outlet En- 
closure): The height of a gravity convector between the bottom of the heating unit and 
the top of the endosure. 

Drip: A pipe, or a steam trap and a pipe, considered as a unit, which conducts con- 
densation from the steam side of a piping system to the water or return side of the system. 

Dry Air: In psychrometric work, dry air is defined as air without water vapor. This 
state, though not obtained practically, is used as the basis of calculations. 

Dry-Bulb Temperature: The temperature indicated by a standardized thermometer 
after correction for radiation, etc. 

Dry Return: A return pipe in a steam heating system which carri^ both water of 
condensation and air. The dry return is above the level of the water line in the boiler 
in a gravity system. (See Wet Return.) 

Dust: Solid material in a finely divided state, the particles of which are large and 
heavy enough to fall with increasing velodty, due to gravity in still air. For instance, 
particles of fine sand or grit, the average diameter of which is approximately 0.01 
centimeter, such as are blown on a windy day, may be called dust. 

Dynamic Head or Pressure: Same as Total Pressure, 

Effective Temperature: An arbitrary index which combines into a single value the 
effect of temperature, humidity, and movement of air on the degree of warmth or cold 
felt by the human body. The numerical value is that of the temperature of still, satu- 
rated air which would induce an identical sensation of warmth. ^ 

Enthalpy: Enthalpy was formerly called heat content^ sometinaes total heat. It is a 
thermodynamic property whidi serves as a measure of the quantity of thermal energy 
convected by a fluid in steady flow. In a non-flow process the increase of enthalpy equals 
the quantity of heat absorbed provided pressure is constant. Specific enthalpy is the ratio 
of total enthalpy to total weight, that is, enthalpy per unit weight of substance, Btu 
per pound. 

Entropy; Entropy is the ratio of the heat added to a substance to the absolute 
temperature at which it is added. It is a thermodynamic property which, for practical 
purposes, is best defined by stating its principal functions: (1) dimng a reversible 
adiabatic change of state, entropy is constant; (2) during a reversible isothermal change 
of state, the heat absorbed is equal to absolute temperature times change of entropy. 
Specific entropy is the ratio of total entropy to total weight, that is, entropy per unit 
weight, Btu per d^ee Fahrenheit per pound. 

^uivalent Evaporation: The amount of water a boiler would evaporate, in pounds 
per hour, if it received feed water at 212 F and vaporized it at the same temp«ature 
and atmospheric pressure. 

Estimated Design Load: The sum of the heat emission of the equivalent direct radia- 
tion to be installed plus the allowance for heat loss of the connecting piping plus the 
heat requirements of any auxiliary apparatus connected with the system. 

Estimated Maximum Load; The load stated in Btu per hour or equivalent direct 
radiation that has been estimated to be the greatest or maximum load that the boiler 
will be called upon to carry. 

Extended Heating Surface: See Heating Surface, 
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Extended Surface Heating Unit: A heating unit having a relatively large amount of 
extended surface which may be integral with the core containing the heating medium^ or 
assembled over such a core, making good thermal contact by pressure or by being 
soldered to the core or by both pressure and soldering. An extended surface heating 
unit is usually placed within an enclosure and therefore functions as a convector. 

Fan Furnace System: See Warm Air Heating System. 

Force: The action on a body w’hich tends to change its relative condition as to rest 
or motion, F « {WV) -r (gO- 

Free Enthalpy: A thermodynamic property which serves as a measure of the available 
energy of a system with respect to surroundings at the same temperature and same 
pressure as that of the system. No process involving an increase in available energy can 
occur spontaneously. (See example on Free Enthalpy in Chapter 1.) 

Fumes; Particles of solid matter resulting from such cAemiral processes as combus- 
tion, explosion, and distillation, ranging from 0.1 to 1.0 micron in size. 

Furnace: That part of a boiler or warm air heating plant in which combustion takes 
place. Also a complete heating unit for transferring heat from fuel being burned to the 
air supplied to a heating system. 

Furnace Volume The total furnace volume for horizontal-return tubular 

boilers and water-tube boilers is the cubical contents of the furnace between the grate 
and the first plane of entry into or between tubes. It therefore includes the volume 
behind the bridge wall as in ordinary horizontal-return tubular boiler settings, unless 
manifestly ineffective (Z.s., no gas flow taking place through it), as in the case of waste- 
heat boilers with auxiliary coal furnaces, where one part of the furnace is out of action 
when the other is being used. For Scotch or other internally fiired boilers it is the cubical 
contents of the furnace, flues and combustion chamber, up to the plane of first entry into 
the tubes. {A.S.M.E. Power Test Codes, Series 1929.) 

Gage Pressure: Pressure measured from atmospheric pressure as a base. Gage 
pressure may be indicated by a manometer which has one leg connected to the pressure 
source and the other exposed to atmospheric pressure. 

Grate Area: The area of the grate surface, measured in square feet, to be used in 
estimating the rate of burning fuel. This area is construed to mean the area measured 
in the plane of the top surface of the grate, except that with special furnaces, such as 
those having magazine feed, or special shapes, the grate area shall be the mean area of 
the active part of the fuel bed taken perpendicular to the path of the gases through it. 
For furnaces having a secondary grate, such as those in double-grate down draft boilers, 
the effective area shall be taken as the area of the upper grate plus one-eighth of the area 
of the lower grate, both areas being estimated as previously defined. 

Gravity Warm Air Heating System: See Warm Air Heating System. 

Heat: Heat is that form of energy which transfers from one system to a second 
system at lower temperature by virtue of the temperature difference, when the two are 
brought into communication. 

Heating Medium: A substance such as water, steam, air, or furnace gas used to 
convey heat from the boiler, furnace or other source of heat or energy to the heating 
unit from which the heat is dissipated. 

Heating Surface: The exterior surface of a heating unit. Extended heating^ surface 
(or extended surface): Heating surface consisting of fins, pins or ribs which receive heat 
by conduction from the prime surface. Prime Surface: Heating surface having the 
heating medium on one side and air (or extended surface) on the other. (See also Boiler 
Heating Surface.) 

Heat of the Liquid: This can usually be interpreted as the specific enthalpy of 
saturated liquid. 

Hot Water Heating System; A heating system in which water is used as the medium 
by which heat is carried through pipes from the boiler to the heating units. 

Humid Heat: Ratio of increase of enthalpy per pound of d:^ air to rise of tempera- 
ture under conditions of constant pressure and constant humidity ratio. 

Humidify; To add water vapor to the atmosphere; to add water vapor or moisture 
to any material. 

Humidistat: A r^ulatory device, actuated by changes in humidity, used for the auto- 
matic control of relative humidity. 

Humidity: Water vapor when mixed with dry air or other dilutent gases. Absolute 
humidity is the weight of water vapor per unit volume of moist air, pounds per cubic 
foot. It can be calculated by dividing the humidity ratio, weight of water vapor per 
pound of dry air, by the volume of the mixture per pound of dry air. Relative humidity 
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is the ratio of the partial pressure of the water vapor in the air to the saturation pressure 
of pure water corresponding to the actual temperature. (See Chapter 1.) 

Humidity Ratio: Weight of water vapor per pound of dry air. (Formerly called 
specific humidity.) 

Hygrostat: ^me as Humidistat, 

Inch of Water: The pressure due to a column of liquid water one inch high at a 
temperature of 60 F, 

insulation {Heat): A material having a relatively high heat-resistance per unit of 
thickness. 

Isobaric: An adjective used to indicate a change taking place at constant pressure. 

Isothermal: An adjective used to indicate a change taking place at constant tem- 
perature. 

Latent Heat: Latent heat is the heat required to produce a change of state at 
constant temperature. The most general interpretation is heat absorbed at constant 
temperature. More specifically the latent heat of vaporization is the difference betvreen 
the specific enthalpies of saturated vapor and saturated liquid at the same temperature 
(and, for a pure substance, the same pressure). Latent heat of sublimation is the dif- 
ference between the specific enthalpies of saturated vapor and saturated solid at the 
same temperature. Latent heat of fusion is the difference between the specific enthalpies 
of saturated liquid and saturated solid at the same temperature. 

Laws of Thermodynamics: The Law of Conservation of Energy states that energy,^ in 
any of its forms, can neither be created nor destroyed. As a corollary to this, the First 
Law of Thermodynamics states that in any power cycle or refrigeration cycle the net 
heat absorbed by the working substance is exactly equal to^ the net work done. The 
Second Law of Thermodynamics states that a power cycle which absorbs heat at a single 
temperature and converts it wholly into work, as required by the First Law, is impos- 
sible; hence it is absolutely necessary to reject heat at some lower teinperature if any 
work is to be done. The Second Law further prescribes the least possible quantity of 
heat that must be so rejected depending on the two temperatures involved - 

Manometer: An instrument for measuring pressures; essentially a U-tube partially 
filled with a liquid, usually water, mercury, or a light oil, so the amount of displacement 
of the liquid indicates the pressure being exerted on the instrument. 

Mass: The quantity of matter, in pounds, to which the unit of force (one pound) 
will give an acceleration of one foot per second per second, w = TF ^ g. 

Mb, Mbh: Symbols which represent, respectively, 1000 Btu and 1000 Btu per hour. 

Mechanical Equivalent of Heat: The conversion factor from Btu to foot pounds; 
J = 778.26 foot pounds per Btu. This is also referred to as Joule’s Equivalent. 

Micron; A unit of length, the thousandth part of one millimeter or the millionth of 
a meter. 

Mol {Pound Mol): A weight in pounds numerically equal to the molecular weight of a 
substance. In the case of gases, and at not too high pressures, the volume of 1 mol is 
approximately the same for any gas at the same temperature and pressure. At 32 F 
and standard atmospheric pressure this volume is 358.65 cu ft. 

One-Pipe Supply Riser {Steam): A pipe which carries steam upward to a heating 
unit and which also carries the condensation from the heating imit in a direction opposite 
to the steam flow. 

One-Pipe System {Hot Water): A hot water system in which the cooled water from 
the heating units is returned to the supply main. Consequently, the heating units 
farthest from the boiler are supplied with cooler water than those near the boiler in the 
same circuit. 

One-Pipe System {Steam): A steam heating system consisting of a inain circuit in 
which the steam and condensate flow in the same pipe, usually^ in opposite directions. 
Ordinarily to each heating unit there is but one connection which must serve as both 
the supply and the return, although separate supply and return connections may be used. 

Overhead System: Any steam or hot water system in which the supply main is above 
the heating units. With a steam system the return must be below the heating units; 
with a water system, the return may be above the heating units. 

Panel Radiator; A heating unit placed on or flush with a flat wall surface and in- 
tend^ to function essentially as a radiator. 

Plenum Chamber: ^ air compartment maintained under pressure and connected to 
one or more distributing ducts. 

Potentiometer: An instrument for measuring or comparing small electromotive forces. 
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Power: The rate of performing work; usually expressed in units of horsepower, Btu 
per hour, or watts. 

Prime Surface: See Heating Surface. 

Psychrometer: An instrument for ascertaining the humidity or hygrometric state of 
the atmosphere. Psychrometric: Pertaining to psychrometry or the state of the atmo- 
sphere as to moisture. Psychrometry: The branch of physics that treats of the measure- 
ment of degree of moisture, especially the moisture mixed with the air. 

Pyrometer; An instrument for measuring high temperatures. 

Radiant Heatins: A method of heating involving the installation of the heating units 
(pipe coils) within the wall, floor or ceiling of the room, so that the heating process takes 
place mainly by radiation from the wall, floor or ceiling surfaces to the objects in the 
room. Also sometimes referred to as Panel Warming. (See Chapter 45). 

Radiation: The transmission of heat through space by wave motion. 

Radiator: A heating unit exposed to view within the room or space to be heated. ^ A 
radiator transfers heat by radiation to objects within visible range and. by conduction 
to the surrounding air which in turn is circulated by natural convection; a so-called 
radiator is also a convector but the single term radiator has been established by long usage. 

Recessed Radiator: A heating unit set back into a wall recess but not enclosed. 

Refrigerant: A substance which produces a refrigerating effect by its absorption of 
heat while expanding or vaporizing. 

Relative Humidity; See Humidity; also discussion relative humidity, Chapter 1. 

Return Mains: The pipes which return the heating medium from the heating units to 
the source of heat supply. 

Reversed-Retum System (JHot Water): A hot water heating system in which the water 
from several heating units is returned along paths arranged so that all circuits composing 
the system or composing a major sub-division of the system are practically of equal 
length. 

Saturated Air; A mixture of dry air and saturated water vapor, all at the same dry- 
bulb temperature. It may also be considered as w containing the maximum possible 
amount of water vapor at a given temperature without becoming supersaturated. 

Saturation: The condition for coexistence in stable equilibrium of two or more distinct 
phases, such as steam over the water from which it is being generated. 

Saturation Pressure; The saturation pressure for a pure substance for any given 
temperature is that pressure at which vapor and liquid or vapor and solid can coexist 
in stable equilibrium. 

Sensible Heat: Heat which manifests itself by temperature change. 

Smoke: Carbon or soot particles less than 0.1 micron in size which result from the 
incomplete combustion of carbonaceous materials such as coal, oil, tar, and tobacco. 

Smokeless Arch; An inverted baffle placed in an up-draft furnace toward the rear 
to aid in mixing the gases of combustion and thereby to reduce the smoke produced. 

Specific Enthalpy: The ratio of total enthalpy to total weight. The specific enthalpy 
of air is its enthalpy, Btu per pound, measured above 0 F and 29.921 in. Hg as a reference 
point. The specific enthalpy of water is its enthalpy, Btu per pound, measured from the 
reference point of saturated liquid at 32 F. (See Enthalpy^ 

Specific Gravity: The ratio of the weight of a body to the weight of an equal volume 
of water at some standard temperature, usually 39.2 F. 

^ Specific Heat: The ratio of heat absorbed per unit weight of substance to temperature 
rise. For gases, both specific heat at constant pressure, Cp, and specific heat at constant 
volume, Cvt are frequently given. In air conditioning, Cp is usually used. 

Specific Volume: The volume, expressed in cubic feet, of one pound of a substance. 
v = l^d^ 

Split System; A system in which the heating and ventilating are accomplished by 
means of radiators or convectors supplemented by mechanical circulation of air (heated 
or unheated) from a central point. 

Square Foot of Heating Surface {Equivdlen^: Equivalent Direct Radiation (EDR). 
That amount of heating surface which will give off 240 Btu per hour. The equivalent 
square feet of heating surface may have no direct relation to the actual surface area. 

Stack Height: The height of a gravity convector between the bottom of the heating 
unit and the top of the outlet opening. 
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Standard Air: Air weighing 0.075 lb per cubic foot. (The density of air at 29.921 
in. Hg barometric pressure, 68 F dry-bulb and 50 per cent relative humidity is 0.07497; 
and dry air at 70 F dry-bulb is 0.07496.) 

Static Pressure: The normal force per unit area that would be exerted by a moving 
fluid on a small body immersed in it if the body w’ere carried along with the fluid- Practi- 
cally, it is the normal force per unit area at a small hole in a wall of the duct through 
which the fluid flows (piezometer) or on the surface of a stationary tube at a point where 
the disturbances created by inserting the tube cancel. It is supposed that the thermo- 
dynamic properties of a moving fluid depend on static pressure in exactly the same 
manner as those of the same fluid at rest depend upon its uniform hydrostatic pressure. 

Steam: Water in the vapor phase. Dry Saturated Steam is steam at the saturation 
temperature corresponding to the pressure, and containing no water in suspension. Wet 
Saturated Steam is steam at the saturation temperature corresponding to the pressure, 
and containing water particles in suspension. Superheated Steam is steam at a tem- 
perature higher than the saturation temperature corresponding to the pressure. 

Steam Heating System: A heating system in which heat is transferred from the boiler 
or other source of steam to the heating units by means of steam at, above, or below 
atmospheric pressure. 

Steam Trap: A device for allowing the passs^e of condensate and preventing the 
passage of steam, or for allowing the passage of air as well as condensate. 

Superheated Steam: See Steam. 

Supply Mains (Steam): The pipes through which the steam flows from the boiler or 
source of supply to the run-outs and risers leading to the heating units. 

Surface Conductance; The amount of heat (Btu) transmitted by radiation, conduc- 
tion, and convection a surface to the air or liquid surrounding it^ or vice versa, in one 
hour per square foot of surface for a difference in temperature of 1 deg between the 
surface and the surrounding air or liquid. 

Therm: 100,000 Btu. (Used in the gas industry.) 

Thermal Resistance: The reciprocal of conductance. 

Thermal Resistivity: The reciprocal of conductivity. 

Thermostat: An instrument which responds to changes in temperature and which 
directly or indirectly controls the source of heat supply. 

Ton of Refrigeration: The removal of 12,000 Btu of heat per hour at a low temperature. 

Ton Day of Refrigeration: The removal of 288,000 Btu of heat at a low temperature. 

Total Heat: This can usually be interpreted as increase of enthalpy at constant 
pressure. It is often regarded as synonymous with enthalpy. 

Total Pressure: In the theory of the flow of fluids; the sum of the static pressure 
and the velocity pressure at the point of measurement. 

Tube (or Tubular) Radiator; A cast-iron heating unit used as a radiator and having 
sm^l vertical tubes. 

Two-Pipe System (Steam or Water): A heating system in which one pipe is used for 
the supply of the heating medium to the heating unit and another for the return of ^e 
heating medium to the source of heat supply. The essential feature of a two-pipe 
system is that eaci heating unit receives a direct supply of the heating medium which 
medium cannot have serv^ a preceding heating unit. 

Underfeed Distribution System (Hot Water): A hot water heating system in which the 
main flow pipe is below the heating unit. 

Underfeed Stoker; A stoker which feeds the coal underneath the fuel bed. 

Unit: As applied to heating, ventilating and air conditioning equipment this word 
means a factory-built and assembled equipment with apparatus for accomplishing some 
specified function or combination of fimctions. ^ (See Chapters 22 and 23.) 

It is loosely applied to a great variety of equipment. Usually the function is included 
in the name, and hence come terms like Unit Heater, Unit Ventilator, Humidifying 
Unit, and Air Conditioning Unit. ^ ... 

Units are said to be direct or room, when intended for location, or located in, the 
treated space; indirect or remote, when outside or adjacent to the treated space. They 
are ceiling units when suspended from above, and floor when supported from below. 
Other descriptive words mclnde free delivery when the unit is not intended to be attached 
to ducts or similar resistance-producing devices, and pressure when for use with such 
ducts. Complete description requires the use of several of these qualifying words or 
phrases. (See Chapter 23.) 
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Up-Fccd System {Steam): A steam heating system in which the supply mains are 
below the level of the heating units which they serve. 

Vacuum Heaiins System: A two-pipe steam heating system equipped with the neces- 
sary accessory apparatus which will permit operating the system below atmospheric 
pressure when desired. 

Vapor; Any substance in the gaseous state. 

Vapor Heating System: A steam heating system which operates under pressures at 
or near atmospheric and which returns the condensation to the boiler or receiver by 
gravity. Vapor systems have thermostatic traps or other means of resistance on the 
return ends of the heating units for preventing steam from entering the return mains; 
they also have a pressure-equalizing and air-eliminating device at the end of the dry 
return. Direct Vent Vapor System: A vapor heating system with air valves which do 
not permit re-entry of air. 

Vapor Pressure: Synonymous with saturation pressure in the case of a pure substance. 

Velocity: The time rate of motion of a body in a fixed direction. In the fps system 

it is expressed in units of one foot per second. V — -j. 

Velocity Pressure: The difiFerence due to velocity between total pressure and static 
pressure. It is supposed to equal the kinetic energy per unit volume of the fluid at the 
point of measurement. 

Ventilation: The process of supplying or removing air by natural or mechanical 
means, to or from any space. Such air may or may not have been conditioned. (See 
Air Conditioning.) 

Warm Air Heating System: A warm air heating plant consists of a heating unit 
(fuel-burning furnace) enclosed in a casing, from which the heated air is distributed to 
the various rooms of the building through ducts. If the motive head producing flow 
depends on the difference in weight between the heated air leaving the casing and the 
cooler air entering the bottom of the casing, it is termed a grcwity system. A booster 
fan may, however, be used in conjunction with a gravity-designed system. If a fan is 
used to produce circulation and the system is designed especially for fan circulation, it is 
termed a/a» furnace system or a central fan furnace system. A fan furnace system may 
include air washers and filters. 

Wet-Bulb Temperature: Thermodynamic wet-bulb temperature is the temperature at 
which liquid or solid water, by evaporating into air, can bring the air to saturation 
adiabatically at the same temperature. Wet-bulb temperature (without qualification) is 
the temp^ture indicated by a wet-bulb psychrometer constructed and used according to 
specifications. {A.S.M.E. Power Test Codes, Series 1932, Instruments and Apparatus, 
Part 18.) 

Wet Return: That part of a return main of a steam heating system which is filled 
with water of condensation. The wet return usually is below the level of the water line 
in the boiler, although not necessarily so. (See Dry Return.) 
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^^LLreviationd, ^tandard^ 


Standard Abbreviations, Conversion Equations, Graphical 
Symbols for Piping, Ductwork, Heating and Ventilating, 
Refrigerating, Specific Heat Table, State Codes or Standards 


T he abbreviations outlined herewith pertaining to heating, venti- 
lating, and air conditioning have been compiled from a selected list 
of approved standards^. In general the period has been omitted in all 
these abbreviations except where the omission results in the formation of 
an English word. Grouped together in this chapter will be ‘found a few 
conveniently arranged conversion equations. The graphical symbols 
for drawings have been abstracted from a recently approved standard®. 

The specific heats of a selected list of solids, liquids, gases and vapors 
are given in Tables 1, 2 and 3. 

An outline of available state codes, standards or laws relating to the 
heating, ventilating, or air conditioning of various types of buildings is 
given in Table 4. This material was compiled by the A.S.H,V.E. and is 
based on information furnished by the individual states through a com- 
prehensive survey conducted in 1943. References are given to the titles 
of all codes, standards or laws which relate to this field of engineering and 
where copies of these standards may be obtained. 


Absolute. abs 

Acceleration, due to gravity g 

Acceleration, linear a 

Air horsepower air hp 

Alternating-current (as adjective) a-c 

AmpercL amp 

Ampere-hour. amp-hr 

Ar^ A 


Atmosphere- 
Average.. 


-atm 


Avoirdupois.. 

Barometer.. 


~avg 


-avdp 
^bar. 


Boiler pressure- 
Boiling point- 


Brake horsepower. 

Brake horsepower-hour- 
Briti^ thermal unit 


“bp 

-bp 


-bhp 


-bh^hr 
.Btu 


.cal 




rg 

Centimeter 

- ... -cm 


^Abbreviations for Scientific and Engineering Terms, ZlO.1-1941; Letter Symbols for Mechanics of Solid 
Bodies, ZlO.3-1942, and Letter Ssmibols for Heat and Thomodynamics, ZlO.4-1943 (American Standards 
Association). 

^Graphical Ssrmbols for Use on Drawings in Mechanical Engineering, Z32.2-1941 (American Standards 
Association). 
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Centimeter-gram-second (system) cgs 

Change in specific volume during vaporization ,vig 

Cubic,— cu 

Cubic foot -CU ft 

Cubic feet per minute cfm 

Cubic feet per second cfs 

Decibel db 

Degree® deg or ° 

D^ee centigrade C 

D^ee Fahrenheit. F 

Degree Kelvin K 

Degree Reaumur. R 

Density, Weight per unit volume, Specific weight d or p (rho) 


d = — 

V 


Diameter D or diam 

Direct-current (as adjective) d-c 

Distance, linear s 

Dry saturated vapor, Diy saturated gas at saturation pressure and temperature, 

vapor in contact with liquid Subscript g 

Entropy, (The capital should be used for any weight, and the small letter for unit 

weight) 5 or s 

Feet per minute. fpm 

Feet per second ips 

Foot it 

Foot-pound ft-lb 

Foot-pound-second (system) ips 

Force, total load F 

Freezing point ip 

Gallon gd 

Gallons per minute. gpm 

Gallons per second gps 

Gram g 

Gram-calorie g-cal 

Head— H or h 

Heat content, Total heat, Enthalpy. (The capital should be used for any weight 

and the small letter for unit weight) — E or h 

Heat content of saturated liquid, Totd heat of saturated liquid, Enthalpy of 

saturated liquid, sometimes called heat of the liquid hf 

Heat content of dry saturated vapor, Total heat of dry saturated vapor, Enthalpy 

of dry saturated vapor. hg 

Heat of vaporization at constant pressure.—. L or hig 

Horsepower. Jip 

Horsepower-hour. hp-hr 

Hour Jhr 

Inch in. 

Inch-pound in.-lb 

Indicated horsepower. ihp 

Indicated horsepower-hour ihp-hr 

Internal energy. Intrinsic energy. (The capital ^ould be used for any weight and 

the small letter for unit weight). U or u 

Kilogram kg 

Kilowatt kw 

KUowatthour l^hr 

Length of path of heat flow, thickness JL 

Load, total W 

Mass mass 

Mechanical efficiency em 

Mechanical equivalent of heat. J 

Melting point. : mp 

Meter 

*It is recommended that the abbreviation for the temperature scale, F, C, K, be included in expressions 
for numerical temperatiures but, wherever feasible, the abbreviations for degree be omitted; as 68 F. 


mass 

, — - — — 
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Micron y. (mu) 

Miles per hour. ... mph 

Millimeter. mm 

Minute. min 

Molecular weight mol. wt 

Mol mol 

Ounce oz 

Pound lb 

Power, Horsepower, Work per unit time * — P 

Pressure, Absolute pressure, Gage pressure, Force per unit area p 

Quantity (total) of fluid, water, gas, heat; Quantity by volume; Total quantity 

of heat transferred Q 

Quality of steam, Pounds of dry steam per pound of mixture x 

Revolutions per minute rpm 

Saturated liquid at saturation pressure and temperature, Liquid in contact 

with vapor Subscript f 

Second .• sec 

Specific gravity™.. sp gr 

Specific heat sp ht or c 

Specific heat at constant pressure .. ™ Cp 

Specific heat at constant volume Cv 

Specific volume, Volume per unit weight. Volume per unit mass » 

Square foot sq ft • 

Square inch sq in. 

Temperature (ordinary) F or C. {Theta is used preferably only when t is used for 

Time in the same discussion). t or 0 {theta) 

Temperature (absolute) F abs or K. (Capital theta is used preferably only when 


Thermal conductance* (heat transferred per unit time per d^ee). 


^ 1 kA q 

Thermal conductance per unit area. Unit conductance (heat transferred per 

unit time per unit area per d^ee) Ga 

r « sa -i- =» S ^ 

A RA A{ti-tt) L 

Thermal conductivity (heat transferred per unit time per unit area, and per 

degree per unit length) h 

g 

k — 

L 

Surface coefficient of heat transfer, Film coefiicient of heat transfer, Individual 
coefficient of heat transfer (heat transferred per unit time p^* unit area 
per degree) — / 

_g_ 

f ^ — d 

J tx-h 


(In general/ is not equal to k/L, where L is the actual thickness of the fluid film.) 

Over-all coefiSdent of heat transfer, Thermal transmittance per unit area (heat 

transferred per unit time per unit area per degree over-all) V 


U = 


_g 

A 


h — ti 


^Temis designate properties independent of size or shape, sometimes called spedfic Proper- 

ties* Examples: conductivity, resistivity. Terms ending ance designate quantities depending not only 
on the mateial, but also upon size and shape, sometimes called taial quantities. Examples: conduct^ce, 
•transmittance. Terms ending ion designate rate of heat transfer. Eimmplea: conduction, transmission. 
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Thermal transmission (heat transferred per unit time) q 

Thermal resistance (degrees per unit of heat transferred per unit time) R 

p _ _ L 

^ " g ' kA 

Thermal resistivity. X/k 

Vaporization values at constant pressure, Differences between values for saturated 

vapor and saturated liquid at the same pressure. Subscript fg 

Velocity. V 

Volume (total) V 

Volume p^ unit time, Rate at which quantity of material passes through a 

machine, Quantity of heat per unit time. Quantity of heat per unit weight g 

Watt w 

Watthour. whr 

Weight of a major item, Total weight W 

Weight rate, Weight per unit of power, Weight per unit of time w 

Work (total) W 


CONVERSION 
Heat Power and Work 

1 ton refrigeration 
Latent heat of ice 


1 watthour 


EQUATIONS 


1 kilowatthour 

1 kilowatt (1000 watts) 

1000 mean calorie ) 

1 kilogram calorie j 

1 horsepower 

1 boiler horsepower 

Weight and Volume 

1 gal (U. S.) 

1 British or Imperial gallon 
1 cu ft 

1 cu ft water at 60 F 
1 cu ft water at 212 F 
1 gal water at 60 F 
1 gal water at 212 F 

1 lb (avdp) 

1 bushel 
1 short ton 


r 12,000 Btu per hour 
1 200 Btu per minute 


1 200 Btu per minute 

■ 143.4 Btu per pound 

778.26 ft-lb 
■ 0.293 whr 
252 mean calories 
' 2,655 ft-lb 
^ 3.413 Btu 
I 3600 joules 
860 mean calories 
' 3,413 Btu 

■ \ 3.517 lb water evaporated from 

and at 212 F 
' 1.341 hp 

- 56.88 Btu per minute 
. 44,253 ft-lb per minute 
' 3.969 Btu 
> 3087 ft-lb 

^ 1.1627 whr 
' 0.746 kw 

. 42.42 Btu per minute 

33,000 ft-lb per minute 
, 550 ft-lb per second 
/ 33,475 Btu per hour 
\ 9.808 kw 

/ 231 cu in. 

1 0.1337 cu ft 
277.42 cu in. 

, / 7.48 gal 
\ 1728 cu in. 

62.37 lb 
59.83 lb 
8.341b 
7.998 lb 
f 16 oz 
\ 7000 grains 
1.244 cu ft 
2000 lb 
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Pressure 

144 lb per square foot 
2.0421 in. mercury at 62 F 
2.309 ft water at 62 F 
27.71 in. water at 62 F 
0.1276 in. mercury at 62 F 
1.732 in. water at 62 F 
14.6959 lb per square inch 
2117 lb per square foot 
33.9 ft water at 62 F 
30 in. mercury at 62 F 
29.921 in. mercury at 32 F 
0.03609 lb per square inch 
0.5774 oz per square inch 
5.196 lb per square foot 
0.433 lb per square inch 
62.35 lb per square foot 
0.491 lb per square inch 
7.84 oz per square inch 
1.131 ft water at 62 F 
13.58 in. water at 62 F 


Metric Units 
1 cm 
1 in. 

1 m 
1ft 

1 sq cm 
1 sq in. 

1 sq m 
1 sq ft 
1 cu cm 
1 cu in. 

1 cu m 
1 cu ft 
1 liter 
1 

11b 

1 metric ton 
1 gram 

1 kilometer per hour 
1 gram per square centimeter 
1 kg per sq cm (metric atmosphere) 

1 gram per cubic centimeter 
1 d3me 
1 joule 

- ^ / 75 1^-m per second 

1 metnc horsepower - j q ggg (U. S.) 

1 kilogram-calorie per kilogram =1.8 Btu per pound 

1 gram-calorie per square centimeter = 3.687 Btu per square foot 

1 gram-calorie per square centimeter per centimeter = 1.452 Btu per sq ft per inch 
1 gram-calorie per second per square centimeter [ 2903 Btu per hour per square 
for a temperature gradient of 1 deg C per centi- = \ foot for a temperature gradient 
meter I of 1 deg F per inch of thickness. 


= 0.3937 in. 

= 2.540 cm 
= 3.281 ft 
= 0.3048 m 
= 0.155 sq in. 

= 6.452 sq cm 
= 10.76 sq ft 
^ 0.0929 sq m 
= 0.06102 cu in. 

= 16.39 cu cm 
« 35.31 cu ft 
= 0.02831 cu m 
= 1000 cu cm = 0.2642 gal 
= 2.205 lb (avdp) 

= 0.4536 kg 
= 2205 lb (avdp) 

= 0.002205 lb (avdp) 

= 0.6214 mph 

_ / 0.02905 in. mercury at 62 F 
\ 0.3944 in, water at 62 F 
= 14.22 lb per square inch 
_ / 0.03613 lb per cubic inch 
\ 62.43 lb per cubic foot 
= 0.00007233 poundals 

_ /lO, 000, 000 ergs 
"" ^ n.7.^76 ft-lb 


1 lb per square inch 
1 oz per square inch 

1 atmosphere 

1 in. water at 62 F 
1 ft water at 62 F 

1 in. mercury at 62 F 
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Graphical Symbols for Drawings 
Heating 

1. High Pressure Steam 

2. Medium Pressure Steam 

3. Low Pressure Steam 

4. High Pressure Return 

5. Medium Pressure Return 

6. Low Pressure Return 

7. Boiler Blow Off 

8. Condensate or Vacuum Pump Discharge 

9. Feedwater Pump Discharge 

10. Make Up Water 

11. Air Reli^ Line 

12. Fuel Oil Flow 

13. Fuel Oil Return 

14. Fuel Oil Tank Vent 

15. Compressed Air 

16. Hot Water Heating Supply 

17. Hot Water Heating Return 

Air Conditioning 
• 18. Refrigerant Discharge 

19. Refrigerant Suction 

20. Condenser Water Flow 

21. Condenser Water Return 

22. Circulating Chilled or Hot Water Flow 

23. Circulating Chilled or Hot Water Return 

24. Make Up Water 

25. Humidification Line 

26. Drain 

27. Brine Supply 

28. Brine Return 


Piping 


C O O 0 oo 


fof 


•A- 


•RD' 

•RS- 

-C- 

«CR- 

'CH< 




-D- 

-B- 

-BR- 


Plumbing 

29. Soil, Waste or Leader (Above Grade) 

30. Soil, Waste or Leader (Below Grade) 

31. Vent 

32. Cold Water . 

33. Hot Water 

34. Hot Water Return 

35. Fire Line f 

36. Gas e 

37. Acid Waste 

38. Drinking Water Flow 

39. Drinking Water Return 

40. Vacuum Cleaning v 

41. Compressed Air 


Sprinklers 

42. Main Supplies 

43. Branch and Head 

44. Drain 


s 
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Graphical Symbols for Drawings 


Ductwork 


45. Duct (1st Figure, Width; 2nd, Depth) 

46. Direction of Flow 

47. Inclined Drop in Respect to Air Flow 

48. Inclined Rise in Respect to Air Flow 

49. Supply Duct Section 

50. Exhaust Duct Section 

51. Recirculation Duct Section 

52. Fresh Air Duct Section 

53. Other Duct Sections 

54. Roister 

55. Grille 

56. Supply Outlet 

57. Exhaust Inlet 

58. Top Raster or Grille 

59. Center Raster or Grille 

60. Bottom Register or Grille 

61. Top and Bottom Register or Grille 

62. Ceiling Register or Grille 

63. Louver Opening 

64. Adjustable Plaque 




lV^0x/2-700cfm 
20 100 cfm 

CR Z QyilZ-lOOcfm 
Z(d 20^12- 700 Cfm 


^^20 ^12 -700 cfm 
20^ 12- 700 cfm 


TaBR 20 12- ea, 700 cfm 
TaB6 20x12- eof. 700 cfm 


\^20x 12 - 700 cfm 
20x12-700 cfm 
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Graphical Symbols for Drawings 


Ductwork 


65. Volume Damper 

66. Deflecting Damper 

67. Deflecting Damper, Up 

68. Deflecting Damper, Down 

69. Adjustable Blank Off 

70. Turning Vanes 

71. Automatic Dampers 

72. Canvas Connections 

73. Fan and Motor With Guard 

74. Intake Louvers and Screen 
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Graphical Symbols for Drawings 

75. Heat Transfer Surface, Plan 

76. Wall Radiator, Plan 

77. Wall Radiator on Ceiling, Plan 

78. Unit Heater (Propeller), Plan 

79. Unit Heater (Centrifugal Fan), Plan 

80. Unit Ventilator, Plan 

Traps 

81. Thermostatic 

82. Blast Thermostatic 

83. Float and Thermostatic 

84. Float 

85. Boiler Return 

Valves 

86. Reducing Pressure 

87. Air Line 

88. Lock and Shield 

89. Diaphragm 

90. Air Eliminator 

91. Strainer 

92. Thermometer 

93. Thermostat 


Heating and Ventilating 




o=> 

<t=> 



e 

_D_ 

© 
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Graphical Symbols for Drawings 


Refrigerating 


94. Thermostat 
(Self Contained) 

95. Thermostat 
(Remote Bulb) 


96. Pressurestat 

97. Hand Expansion Valve 

9S. Automatic 

Expansion Valve 

99. Thermostatic 
Expansion Valve 


100. Evaporator Press. Regu* 
lating Valve, Throttling 
Type 

101 . Evaporator Press. Regu- 
lating Valve, Thermo- 
static Throttling Type 

102. Evaporator Press. Regu- 
lating Valve, Snap-Ac- 
tion Valve 

103. Compressor Suction 
Pressure Limiting Valve, 
Throttling Type 


104. Hand Shut Off Valve 


© 

(T 

— dZl 


110. Low Side Float 


111. Gage 


112. Finned Type Cool- 
ing Unit, Natural. 
Convection 




105. Thermal Bulb 


106. Scale Trap 


107. Dryer 


108. Strainer 


109. High Side Float 





113. Pipe Coil 


114. Forced Convection 
Cooling Unit 


115. Immersion Cooling 
Unit 


116, Ice Making Unit 


117. Heat Interchanger 


118. Condensing Unit, 
Air Cooled 


119. Condensing Unit, 
Water Cooled 


120. Compressor 


121. Cooling Tower 


122. Evaporative Con- 
denser 


123. Solenoid Valve ^ 

124. Pressurestat With , — , 

High Pressure Cut- — j [ P [ 
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Table 1. Specific Heat of Solids^ 


Materials 

Temperature F 

Specific Heat 

Althority 

Alloys 




Brass, Red, 

32 

0.0899 

S 

Brass, Yellow 

Bronze (SOCm, 20Srtj 

32 

0.0883 

S 

57-208 

0.0862 

s 

Monel MetaL 

68-2370 

0.127 

s 

Aluminum, 

80-212 

0.212 

s 

Asbestos. 

68-208 

0.195 

s 

Brickwork 


0.195 

H 

Carbon (Graphite),-. 

104-1637 

0.314 

I 

Coal , , , 


0.278 

H 

Coke. 


0.20i 

H 

Concrete. , ,, 


0.270 

H 

Copper, 

64-212 

0.0928 

S 

Fire Clay Brick 

Glass 

77-1832 

0.258 

I 

Crown. . 

50-122 

0.161 

S 

■pllTlt 

50-122 

0.117 

s 

Gold 

64 

0.0312 

s 

Gypsum _ 


0.259 

H 


32 

0.487 

S 

Ice._ 

-40 

0.434 

S 

Iron, Pure t 

32 

0.1043 

S 

Iron, Pure 1 

32-600 

0.127 

M 

Iron, Cast j 

68-212 

0.1189 

H 

Iron, Wrought - 

59-212 

0.1162 

H 

Lead ; 

32 

0.0297 

S 

Nickel- J 

32 

0.1032 

S 

Masonry. , „ j 


0.2159 

H 

Plaster i 


0.2 

! H 

Platinum j 

Rocks 

58-212 

0 0319 

! S 

Gneiss j 

63-210 

0.196 

s 

Granite, i 

64-212 

0.192 

s 

Limestone - „i 

1 59-212 

0.216 

s 

Marble 1 

1 32-212 

0.21 

s 

Sandstone . . . , i 


0.22 

s 

Silver - 

32 

0.0536 

s 

Steel — 


0.1176 

H 

Sulphur 

240-320 

0.220 

S 

Silica Brick. - 

77-1832 

0.263 

I 

Tin- 

77 

0.0548 

s 

Woods (Average)- 

' 68 

0.327 

s 

Zinc - - 

i 32 

0.0913 

s 




•See also The Specific Heat of Thermal Insulating Materials, by Gordon B. Wilkes and Carl O. Wood 
(A.S.H.V.E. Transactions, VoL 48, 1942. p. 493). ^ 

Not3ss; When one temperature is given the true speafic heat is given, otherwise the value is the mean 
specific heat between the ^en limits. ^ . 

Authorities: S— Smithsonian Physical Tabl^, 1933; I — International Critical Tables; H — Heating, 
Ventilation and Air Conditioning, by L. A, Harding and A. C. Willard; M — Engineers* Handbook, by 
Liondi S. Marks. 


831 







HEATING VENTILATING AIR CONDITIONING GUIDE 1944 


Table 4. State Codes, Standards or Laws Relating to the Heating, 
Ventilating or Air Conditioning of Buildings 


Stvte 

Codes, STAM)iRD& oa L\ws 

Where Material 
Can be Obtained 

ALABAMA 

None. 


ARIZONA 

Law 56-117. Laundry— hours of labor — ventilation — penalty, Law 
65-218. Ventilation (with reference to mines) 

Secretary of State, State 
House, Phoemx. 

ARKANSAS 

Installation of all boilers. 

Dept, of Labor, State 
Capitol, Little Rock 

CALIFORNIA 

Reference to the ventilation laws may be found in the Cahfornia Health 
and ^fety Code under the following sections. 

Sec 16800— Construction Requirements, Air Ducts. 

Sec. 16820-16835 — Vent Shafts 

Sec. 16900-16905 — Gas Apphance Vents. 

Sec 17080-17088— Garages 

Sec 16233-16235, 16270-16271— Rooms. 

. Sec. 16300-16305^tairway8. 

Supervisor of Docu- 
ments, 214 State 
Capitol, Sacramento 

COLORADO 

None 


CONNECTICUT 

School Building Code (1941), Chapter 6 — Structural and Mechanical, 
D. Heating and Ventilation. 

State Dept, of Edu- 
cation, Div. of In- 
struction, Hartford 


Statutes: Section 2566 specifies the number of cubjc feet of an* for 
children and adults m tenement and boarding houses 

Section 2585, amd. by 443f, specifics ventilation required for bathrooms 
and toilets m tenament houses. 

State Dept of Health, 
Hartford 


Samtary Code: Regulations 280 and 281 concern ventilation to be 
provide for industnal processes. Regulation 127 concerns ventilation 
of all new water closet compartments. 

Labor Laws (1941): VIII. Industrial Safety, A. General, Sec 2355 — 
Lighting and sanitary condition of factories and round houses, IX. In- 
dustrial Health and Samtation, L^lation, Sec. 2355— Lightmg and 
sanitary condition of factories and round houses. 

Dept of Labor and 
Factory Inspection, 
Hartford. 

DELAWARE 

Minimum Standards for School Buildings and Sites (1931). 

State Board of Edu- 
cation, Dover. 

DISTRICT OF 
COLUMBIA 

Building Code (1S>41), Section SOS — ^Mechanical Ventilation; Section 
702, Article 702-04r— (Jonstniction of Air Conditiomng Ducts. 

Engineering Dept., 
Dept, of Inspection, 
Govt District of 
Columbia. 

FLORIDA 

School Code Law; Laws Relating to Construction Hotels, Apartment 
Houses, and Public Eatmg Places. 

Secy of State, 
Tallahassee. 

GEORGIA 

None. 


IDAHO 

None. 


ILLINOIS 

Laws Relating to Labor and Employment (1941) Health and Safety Act; 
Occupational Diseases; Compresaea Air ihnployment. 

Dept of Labor, 

Capitol Bldg., 

Springfield. 


Hhnois School Law, Section 15, paragraph 20 is amphfied in April, 1940, 
Educational Press Bulletm with sections on Ventilatmg and Heating. 

Superintendent of 

Pubhc Instruction, 
Springfield. 

INDIANA 

Rules and Regulations of the State Board of Health Governing the 
Construction, Equipment and Maintenance of Samtary Features of 
Pubho and Parocmial School Building (1936). 

Rules and Regulations of the Adnunistrative Building Council — Article 
VIII, Sections 19-8-1, 19-8-2 and 19-^3 Pertaimng to Ventilation of 
Rooms and Plumbing Fixtures. 

Division of Environ- 
mental Samtation, State 
Board of Health, 1098 
W. Michiran St., 
Indianapolis. 

mA 

Code ojf Iowa, Chapter 323, Requirements for Sanitation and Ventila- 
tion of Single Family and Multiple Dwellings. 

Code of Iowa, Chapter 73, Ventilation Requirements in Industnal 
Establishments Pertaining to Health and Safety. 

Department of Pubhc Instruction Rules Relating to Heating and Venti- 
lating of School Buildings 

Dept of Health, Div. 
Pubhc Health Engr 
and Industnal Hygiene, 
Des Moines. 
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CHAPTER 48. ABBREVIATIONS, SYMBOLS, STANDARDS 


Table 4. State Codes, Standards or Laws Relating to the Heating, 
X’entilating or Air Conditioning of Buildings — (Continued) 



Codes, Sta^t>ards or Laws 


Where M^teriil 
C vN BE Obtained 


KANSAS Matter IS left to judgment of safety engineennspector. See Labor La^s 1 Labor Department, SOI 

1 of Kansas (1942). G S 1935, 44^6. | Harrison Topeka. 


KENTUCKY 

Statutes of Kentucky; flection 217.280 prondea for the proper venti- 
lation of food establishments, Sections 352 020, 352 030, 352.040, 
352 050, 352,080, 352 090, 352 120, 352 150, 352 190, .352.210, 352.320. 
352.330, 352.340. 352.350, 352 360, 352.370, 352.380, 352.390 and 
352.400; also, 352 570, 352 580, 352.590, 352 600 and 352.610 provide 
for the proper ventilation of mines. 

Secy, of State, 

Frankfort. 

LOUISIANA 

None 


MAINE 

Regulations bearing on this subject in reference to the installation of 
plumbing fixtures m closed rooms are outlined in Sections 101 and 102 of 
the State Plumbing Code. 

: Rules and Regulations Relating to Sanitation of Factories and Mercan- 
; tile Establishments include Swtiona on Ventilation. 

1. „ 

Division of Samtarv 
Engineenng Dept of 

1 Health and Welfare, 
State House, Augusta 

MARYLAND 

Standard for Maryland School Buildings, Revised, 1941 

State Dept of Edu- 
cation, Baltimore 

MASSACHUSETTS 

Laws Relating to the Erection, Alteration, Inspection and Use of Build- 
ings (Form A); Regulations Relative to the Inspection of Buildings 
Which Are Subject to the Provisions of Chapter 143, General Laws 
(Form B-1). 

Dept, of Pubhc Safety, 
Division of Inspection, 
1010 Commonwealth 
Ave., Boston 

MICHIGAN 

Housing Law of Michigan (1939). 

Secretary of State, 
Capitol Bldg , Lansing 

MINNESOTA 

Laws Relating to Sanitation, Ventilation and Toilets in Factories, etc 
.4180 requirements m r^;ard to garages, spray rooms and spray booths. 

General Orders on Lhists, Fumes, Vapors and Gases. 

Industrial Commission, 
State Office Bldg., 

St. Paul 

MISSISSIPPI 

None. 


MISSOURI 

State Labor and Industrial Inspection Laws (1941). 

i 

Dept of Labor and In- 
dustrial Insp^ion, 
State Office Bldg., 
Jefferson City. 

MONTANA 

Revised Codes of Montana (1935), Section 1175 refers to ventilation of 
school buildings. 

Secretary of State, 
Helena. 

NEBRASKA | 

Safety Codes (1937) and Labor Laws (1S>43). 

Dept of Labor, Lincoln. 

NEVADA 

Nevada Compiled Laws (1929), Sections 5894 and 5715 pertain to Sdiool 
Buildings. Compiled Labor Laws (1937), Part 14, Section 4241 Venti- 
lation of Mines; Part 8, Sec 2817 Ventilation Bunk Houses. 

Secretary of State, 
Carson City. 

NEW HAMPSHIRE 

Und^ the provisions of Chapter 215 of the Revised Laws, Safety and 
Health of Employees, recommendations are made in mills lactones, 
workshops, commercial and mercantile establishments for proper venti- 
lation. 

Bureau of Labor, 
Concord. 

NEW JERSEY 

1 

Industrial Code Bulletin and Labor Laws. 

State Dept, of Labor, 
Wallach Bldg., Trenton. 

NEW MEXICO 

Regulations Govenung the Heating and Ventilation of Tourist Courts, 
Tourist Camps, Hotels and Lod{^ Hous^ (1939). 

Dept, of Public Health, 
Santa Fe. 

NEW YORK 

Cominissioner of Education is authorized to determine the requirements 
for proper ventilation of school buildings. 

Codes are enforced by the D^iartment of Labor which contain sections 
on ventilation requirements potaimng to a number of industrial pro- 
cesses, such as: 

No. 10 Foundry Code; No. 12 Dust, Fumes and Gases; No. 32 Auto- 
mobile Spray; No. 33 Rock DnUing; No. 34 Stone Crushing; No. 35 
Stone CJutriM and Finishing; Noe. 9 and 16 Sanitary Code; No. 17 
Mines and (Quarries; No. 25 Removal of Toxic Crases in Mmes, 
Tunnels and Shafts; No. 37 Mihtary Pyrotechnics. 

Commissioner of Edu- 
cation, Albany. 

Secretary, Labcu* Dept., 
^ Centre St., 

New York, 

NORTH CAROLINA 

Bmldmg Code (1936) Chapter 14, Heating and Mechanical Ventilation, 
Experiment Station Bulletm No. 10. « 

North Carolina State 
College, Raleigh. 
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Table 4. State Codes, Standards or Laws Relating to the Heating, 
Ventilating or Air Conditioning of Buildings — (Concluded) 


State 

Codes, Standards or Laws 

Where Materul 
Can be Obtained 

NORTH DAKOTA 

None. 


OHIO 

Ohio State Building Codes; No. 102 Theaters and Assembly Halls 
(lll>40); No. 103 School Biuldmgs (1938); No. lOS Chur^es (1938); 
No, 106 Hospitals and Homes (1936), No. 107 Hotels and Aparianents 
(1940); No. 108 Pubhc (Sarages (1938); No 109 (1941); Workshops, 
Pactones, Mercantiles and Office Buildings. 

Dept, of Industrial Re- 
lations, Div. of Factory 
and Building Inspection, 
Columbus. 

OKLAHOMA 

Bureau of Factory Inspection Bulletin No. 7-A, containing the laws 
goreming the inspection and r^ulation of factories or other places where 
mbor is enmloye^ Bur^u of Factory Inspection Book No. 11-A — 
Petroleum Lidustry Safety Standards. 

Dept of Labor, 
Oklahoma City 

OREGON 

General Safety Manual; Logging Safety Code; Sawmill and Wood- 
working Safety Code; Smety Code for Construction Work; Electrical 
and Communication Workesrs Safety Code; Safety Code for Arc Weld- 
ing, Sandblasting and Spray Painting Operations. 

State laws and regulations relating to school buildings, sanitation, 
plumbing, heating and ventilation, including factory inspections. 

Industrial Accident 
Commission, Salem. 

Bureau of Labor, State 
Library Bmlding, Salem. 

PENNSYLVANIA 

Regulations For: Abrasive and Polishing Wheels; Bedding and Up- 
holstery; Brewing and Bottling; Canneries; Cereal Mills, Malt Houses 
and Grain Elevators; Construction and Rep^; Dry Cleam^; Dry 
Color Industry; The Storage, Handling and Use of Explosives; Electnc 
Safety Code; Fire and Pamc Emulations; Foundnes; General Safety 
Act; Industiial Samtation; Le^ Manufacturiim; Pamt Grmdmg; 
Relations for Labor Camra; Laundries; Lead Corroding and Lead 
Cbridizing; Loggmg, Sawmill, Woodworking, Veneer and Cooperage 
Op^tions, Mmes other than Coal Mmes; Miscellaneous Hazards and 
Conations of Employment; the Manufacture of Nitro and Amido Com- 
pounds; Plants Manufacturing or Using Explosives; Printing and 
Alhal Industries; Spray Coating; Tunnel Construction and Work in 
Compressed Air; Tc^le Industnes. 

Dept, of Labor and 
Industry, 

Harrisburg. 

RHODE ISLAND 

Rhode Island Labor Laws (1942). 

Dept, of Labor, State 
House. Providence. 

SOUTH CAROLINA 

None. 


SOUTH DAKOTA 

State Code, Chapter 13.2018 Care of Steam Boilers; Chapter 27.1711 
Ventilation of Hotels, Rooming Houses, Restaurants, Tourist Camps. 

* Office of State Engineer, 
Pierre. 

TENNESSEE 

WilliftTnH Code of Tennessee, Sections 5341-5343, which deal with the 
ventilation of workshops and factories, places of amusement, etc. 

Secy, of State, 

Nashville. 

TEXAS 

School Building Law, Bulletin 382, February, 1938, Article No. 2920, 
No. 2921, No. 2922. 

Dept, of Education, 
Austin. 

UTAH 

35-1-16. Sanitary Code for Pubhc Buildings and Railway Cars; 35-1-17. 
Supervision of Bathing Places. 

Dept, of Engineering* 

: 439 State Capitol Bldg , 
Salt Lake City. 

VERMONT 

Public Laws Rules and Regulations Relating to Public Buildmgs, 
Sanitation, Plumbing, Heatim Ventilation (1941). 

State Board of Bteolth, 
Burlington. 

VIRGINIA 

Mining Laws of State of Virgmia have provisions regarding ventilation 
in TninfiS, 

Dept, of Labor and In- 
dustry, Finance Bldg, 
Richmond. 

WASHINGTON 

(General Safety Standards: Standard No. 49 Blower and Exhaust 
^tems; No. 50 Respirators, Helmets, etc., No. 51 Carbon Monoxide 
C^; No. 49 Ventilation; No. 210 Laundry Ventilation; No. 154 Dry 
Clmnim with Volatil^Inflaznznable or Explosive Liquids. Coal Mining 
Laws; (Jccupational Disease Code; Metal Mine Standards; Safety m 
Pasons Employed in Tunnels, Quames, Caissons or Subways; Con- 
struction Code. 

Dept, of Labor and 
Industries, 

Olympia, 

WEST VIRGINIA 

Installation Regulations for Powor Boilers. 

Dept, of Labor, 
Charleston. 

WISCONSIN 

Heating, Ventilation and Air Conditioning Code (1939). Applies to 
pubhc buildings and places of employm^t General Orders on Spray 
Coating (1939). Gen^ Orders on Dusts, Fumes, Vapors and (lases 
(1941). 

Industrial Commission 
of Wisconsin, Madison. 

WYOMING 

IJone. 
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CHAPTER 49 


lfV]a.rine ^JJ-eatin^ and \Jentiiaiion 


General Considerations, Ship Construction Features, Factors 
Affecting Design, Requirement for Various Types of Space, 
Ship Insulation 


T he importance of adequate shipboard heating and ventilation 
arrangements cannot be overemphasized. Installations must not 
only keep the passengers comfortable and the operating personnel physi- 
cally fit and mentally capable of maintaining the ship as a profitable 
business investment, but must also satisfy the human element. The 
provision of satisfactory living and working conditions is one of the most 
economical means of keeping a high morale. 

GENERAL CONSIDERATIONS 

Unlike a shore establishment in connection with which personnel 
obtain their food, rest and recreation from outside sources, a ship must be 
self-sufficient and provide for all human needs. Accordingly, every vessel 
is a complete, independent community comprising, at least to some 
degree, the facilities available in the average urban development. These 
facilities must be contained in the minimum practicable space and weight 
to conserve dead weight and increase the pay load. The pay load may be 
expressed in terms of cargo carrying ability, passenger carrying capacity, 
fighting strength, or towing abiUty. 

An atmosphere compatible with efficient operation must be maintained 
in working and machinery spaces, and temperatures must be such that 
materials or equipment will not be damaged. Conditions in living spaces, 
whether ashore or afloat, must permit adequate rest and comfort of 
occupants. Passenger accommodations must be treated to provide 
service and living conditions similar to those afforded by the various 
classes of hotels. Many of the expedients used ashore for this purpose are 
not applicable afloat. For instance, all living quarters aboard ship cannot 
be located at a distance from the power plant; but must often have 
boundaries in common with heat producing spaces. The thermal con- 
ductivity of shipbuilding materials such as steel, copper, brass, etc., is 
many times the value for building materials used ashore, and this, to- 
gether with concentrated arrangement of equipment, produces a difficult 
heat transfer and insulation problem. ^ Furthermore, the use of portholes, 
windows, skylights, and similar openings is greatly restricted in marine 
applications because of the necessity for strength, water-tightness and 
protection from the sea in foul weather. During wartime, the utility of 
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portholes, windows, and skylights is greatly restricted because they must 
be fitted with light-excluding devices. 

Much of the cooling and ventilation that is accomplished by natural 
means ashore must be handled by mechanical means afloat. Space does 
not exist for the large ventilation trunks required for natural ventilation. 
xMso, because of the restricted space and shipbuilding materials the heat 
quantities that must be dissipated by ventilation air are often greater 
than would be required for a similar shore installation. Mechanical venti- 
lation is not merely desirable, but is absolutely necessary in many ship- 
board spaces to enable the crew to operate the vessel. Furthermore there 
are numerous spaces which must be ventilated to prevent the accumula- 
tion of objectionable, combustible and toxic gases. Shipboard equipment 
must also be reliable inasmuch as specialized servicing facilities are not 
available at sea, and failure during an emergency may jeopardize the 
vessers safety. Experience has demonstrated that simple and foolproof 
heating and ventilating arrangements are essential for satisfactory service. 
Ventilation systems on ships must be designed to operate in heavy 
weather with little or no attention, and to resist the efforts of unauthorized 
pert^.ixnel to readjust the heat or air distribution. Also, they must be laid 
out in such a manner that the watertight and fireproof integrity of the 
vessel is not impaired. 

Contrary to the impression among some engineers and designers, that 
there is a basic difference between marine and shore installations in the 
application of heating, ventilating and air conditioning arrangements, the 
same fundamentals apply to both shore and shipboard applications. The 
air capacity handled by a system ashore will equal the capacity that an 
identical system will deliver afloat. The same laws of heat transfer apply, 
and the same heat balance must be maintained in the human body. The 
only variation between ship and shore applications is that emphasis is 
placed on different practical aspects of the design. 

SHIP CONSTRUCTION FEATURES 

The seaworthiness of the vessel is increased by subdividing the main 
watertight hull space into a number of watertight compartments. This 
is usually done by providing transverse watertight structures (bulkheads) 
so located along the ship’s length that the vessel will not sink even when 
the shell is pierced in one or more watertight compartments, by collision, 
torpedoing, or other causes. It is obvious that the watertightness of these 
bulkheads is very important, particularly under war conditions. Every 
effort is made to lead ventilation ducts so that they do not pass through 
such structures. Where openings must be cut for ventilation or other 
purposes, special watertight closures are fitted to protect the watertight- 
ness of the bulkheads. 

In addition to the obstructions caused by the main transverse bulk- 
heads, the ship’s interior is fitted with decks and flats (partial decks) that 
are spaced to suit the use to which the space is put. The deck height (floor 
heiglit) in cargo spaces generally varies from 9 to 30 ft. This height in 
living quarters varies from 7)^ to 9 ft. Usually in main machinery spaces, 
the entire depth is subdivided only by a few flats, with gratings provided 
where necessary to service the equipment. 
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Bulkheads, shell, and decks are designed to suit structural as well as 
watertight requirements of the vessel, and consequently, the designer 
must always contend with beams, stiffeners, stanchions and brackets. 

Fig. 1 indicates the arrangement of a typical cargo vessel, and shows 
the main transverse watertight bulkheads, decks, structural members, 
and many other pertinent characteristics. Living quarters are usually 
located on and above the weather deck, this custom being based on the 
assumption that better natural air and light are available in this location. 
It is obvious that the upper 'tween deck and other spaces can be con- 
veniently used for additional living and working spaces, but that natural 
ventilation is far less effective in this case. 

The foregoing description mentions some of the limits and natural 
boundaries which affect the design and layout of ship ventilation and 
heating systems. It should be added that there are also equipment, 
wireways, and miscellaneous piping which must be considered. Since 
there is very little unassigned space, fan rooms are usually quite congested 
and many studies must be made to ascertain the arrangement of equip- 
ment which will best suit the conditions. Cuts in structural members 
must be limited in number and size. Lack of headroom often causes poor 
aspect ratios, inaccessibility, and other undesirable conditions. It there- 
fore follows that the design of a ship's heating and ventilating system is 
far more than a theoretical calculation. A good designer must be familiar 
with all phases of ship construction and operation in order to provide 
sufficient and efficient ventilation and heating, and to locate the equip- 
ment where it will interfere least with basic arrangements, major equip- 
ment, stability, and other important factors. 

FACTORS AFFECTING DESIGN 

A ship may be favorably compared to a floating hotel. Its make-up 
includes living accommodations, dining rooms, shops, power plants, com- 
missary spaces, etc., all of which must be so arranged and maintained as 
to make it self-sustaining for long periods of time. In contrast to a hotel, 
however, a ship may, on a single cruise, move from artic to tropical 
climates. On the other hand, it may be built to operate only in one single 
locality. It is therefore necessary to assume maximum and minimum 
design air temperature condition based on the intended use of the vessel 
so that adequate cooling and heating may be provided. For vessels 
designed to operate generally in all parts of the world, a maximum 
summer temperature may be taken as 88 F and a minimum winter tem- 
perature as 10 F. For other ships, those which spend long periods in port 
or in inland waters, the maximum and minimum temperatures may be 
taken as 90 and 0 F respectively. 

Preliminary design of heating and ventilating installations aboard ship 
is simplified by the uniformity of the conditions which apply to all ships. 
Among such conditions are (1) the necessity for the vessel to supply its 
own power, (2) the availability of an unlimited supply of sea water, (3) 
the drastic restriction of shipbuilding materials because of strength 
requirements, corrosion resistance and fire hazard, and (4) the limitation 
of available space and permissible weight. On the other hand, shipboard 
space, weight, and power limitations require precise layouts with mini- 
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portholes, windows, and skylights is greatly restricted because they must 
be fitted with light-excluding devices. 

IMuch of the cooling and ventilation that is accomplished by natural 
means ashore must be handled by mechanical means afloat. Space does 
not exist for the large ventilation trunks required for natural ventilation. 
Also, because of the restricted space and shipbuilding materials the heat 
quantities that must be dissipated by ventilation air are often greater 
than would be required for a similar shore installation. Mechanical venti- 
lation is not merely desirable, but is absolutely necessary in many ship- 
board spaces to enable the crew to operate the vessel. Furthermore there 
are numerous spaces which must be ventilated to prevent the accumula- 
tion of objectionable, combustible and toxic gases. Shipboard equipment 
must also be reliable inasmuch as specialized servicing facilities are not 
available at sea, and failure during an emergency may jeopardize the 
vessel's safety. Experience has demonstrated that simple and foolproof 
heating and ventilating arrangements are essential for satisfactory service. 
Ventilation systems on ships must be designed to operate in heavy 
weather with little or no attention, and to resist the efforts of unauthorized 
pers^.unel to readjust the heat or air distribution. Also, they must be laid 
out in such a manner that the watertight and fireproof integrity of the 
vessel is not impaired. 

Contrary to the impression among some engineers and designers, that 
there is a basic difference between marine and shore installations in the 
application of heating, ventilating and air conditioning arrangements, the 
same fundamentals apply to both shore and shipboard applications. The 
air capacity handled by a system ashore will equal the capacity that an 
identical system will deliver afloat. The same laws of heat transfer apply, 
and the same heat balance must be maintained in the human body. The 
only variation between ship and shore applications is that emphasis is 
placed on different practical aspects of the design. 

SHIP CONSTRUCTION FEATURES 

The seaworthiness of the vessel is increased by subdividing the main 
watertight hull space into a number of watertight compartments. This 
is usually done by providing transverse watertight structures (bulkheads) 
so located along the ship’s length that the vessel will not sink even when 
the shell is pierced in one or more watertight compartments, by collision, 
torpedoing, or other causes. It is obvious that the watertightness of these 
bulkheads is very important, particularly under war conditions. Every 
effort is made to lead ventilation ducts so that they do not pass through 
such structures. Where openings must be cut for ventilation or other 
purposes, special watertight closures are fitted to protect the watertight- 
ness of the bulkheads. 

In addition to the obstructions caused by the main transverse bulk- 
heads, the ship’s interior is fitted with decks and flats (partial decks) that 
are spaced to suit the use to which the space is put. The deck height (floor 
height) in cargo spaces generally varies from 9 to 30 ft. This height in 
living quarters varies from to 9 ft. Usually in main machinery spaces, 
the entire depth is subdivided only by a few flats, with gratings provided 
where necessary to service the equipment. 
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Bulkheads, shell, and decks are designed to suit structural as well as 
watertight requirements of the vessel, and consequently, the designer 
must always contend with beams, stiffeners, stanchions and brackets. 

Fig. 1 indicates the arrangement of a typical cargo vessel, and shows 
the main transverse watertight bulkheads, decks, structural members, 
and many other pertinent characteristics. Living quarters are usually 
located on and above the weather deck, this custom being based on the 
assumption that better natural air and light are available in this location. 
It is obvious that the upper 'tween deck and other spaces can be con- 
veniently used for additional living and working spaces, but that natural 
ventilation is far less effective in this case. 

The foregoing description mentions some of the limits and natural 
boundaries which affect the design and layout of ship ventilation and 
heating systems. It should be added that there are also equipment, 
wireways, and miscellaneous piping which must be considered. Since 
there is very little unassigned space, fan rooms are usually quite congested 
and many studies must be made to ascertain the arrangement of equip- 
ment which will best suit the conditions. Cuts in structural members 
must be limited in number and size. Lack of headroom often causes poor 
aspect ratios, inaccessibility, and other undesirable conditions. It there- 
fore follows that the design of a ship's heating and ventilating system is 
far more than a theoretical calculation. A good designer must be familiar 
with all phases of ship construction and operation in order to provide 
sufficient and efficient ventilation and heating, and to locate the equip- 
ment where it will interfere least with basic arrangements, major equip- 
ment, stability, and other important factors. 

FACTORS AFFECTING DESIGN 

A ship may be favorably compared to a floating hotel. Its make-up 
includes living accommodations, dining rooms, shops, power plants, com- 
missary spaces, etc., all of which must be so arranged and maintained as 
to make it self-sustaining for long periods of time. In contrast to a hotel, 
however, a ship may, on a single cruise, move from artic to tropical 
climates. On the other hand, it may be built to operate only in one single 
locality. It is therefore necessary to assume maximum and minimum 
design air temperature condition based on the intended use of the vessel 
so that adequate cooling and heating may be provided. For vessels 
designed to operate generally in all parts of the world, a maximum 
summer temperature may be taken as 88 F and a minimum winter tem- 
perature as 10 F. For other ships, those which spend long periods in port 
or in inland waters, the maximum and minimum temperatures may be 
taken as 90 and 0 F respectively. 

Preliminary design of heating and ventilating installations aboard ship 
is simplified by the uniformity of the conditions which apply to all ships. 
Among such conditions are (1) the necessity for the vessel to supply its 
own power, (2) the availability of an unlimited supply of sea water, (3) 
the drastic restriction of shipbuilding materials because of strength 
requirements, corrosion resistance and fire hazard, and (4) the limitation 
of available space and permissible weight. On the other hand, shipboard 
space, weight, and power limitations require precise layouts with mini- 
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mum design safety factors, and this necessitates unusual attention to 
design details. Particular attention should be given also to the adjust- 
ment of a system after installation, because designed air quantities are 
usually close to the minimum acceptable and therefore, improper balance 
will result in unsatisfactory conditions in some spaces. 

Each space aboard ship must be treated in accordance with the par- 
ticular requirements of its use. The ventilation of most spaces is deter- 
mined by empirical calculations. The quantity of air supplied must be 
not less than that which satisfies (1) maximum allowable temperature 
rise, (2) minimum allowable fresh air per person, and (3) permissible air 
change, named in order of importance. 

The present practice of various ship designers may be to supply the 
quantity of air which satisfies only one of these requirements, but the 
most satisfactory ship ventilation will result from the use of that quantity 
which is large enough to satisfy all three. 

When heating and cooling loads are estimated, the cooling effect of the 
water through which the vessel is sailing must be considered if the space 
is at or below the waterline. Maximum and minimum water tempera- 
tures of 85 and 35 F are usually used for such calculations. This factor is 
important enough to justify the omission of ventilation from certain 
spaces which have only small heat gains and do not require fresh air 
for other purposes. 

The relation between supply and exhaust ventilation depends on the 
type of space, and the space’s relation to the weather. In any case, it 
should be remembered that positive means for supply and exhaust must 
always be provided. Where natural ventilation is anticipated, infiltration 
and exfiltration via open doors, windows, etc., cannot always be con- 
sidered adequate for this purpose. 

In addition to the ventilation requirements, but closely related to and 
usually forming an integral part of the study, is the manner in which 
heating shall be furnished for cold weather conditions. In all spaces 
which are provided with mechanical supply ventilation, where heat is also 
required, the simpler method and most economical from standpoint of 
weight is that in which duct type or blast heaters are fitted in the venti- 
lating systems. Where this type of heating is furnished, convectors or 
radiators should be provided for spaces requiring heat but not furnished 
with mechanical supply ventilation. The most satisfactory arrangement 
for this method of heating, except where individual space control is 
essential, is zone heating. To accomplish this, the ventilation supply 
system, with the fan operating at slow speed (usually about 50 to 70 
per cent delivery) passes the air over a preheater which raises the air to a 
temperature of about 40 to 60 F. This preheated air is then passed 
through the system and thence through one or more reheaters which are 
located in the ducts and so arranged that each serves a group of spaces 
which possess^ the same or similar heating requirements. It may be 
necessary to slightly revise the individual space air quantities, whidi have 
been determined on the basis of summer cooling, in order to bring them 
in line with the reheat or delivery temperature. In some cases central 
heating is used. By this arrangement all the air needed for heating is 
passed through the preheater and reheater fitted in series. This system 
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has the disadvantage of affording poorer thermostatic control and cruder 
heating properties. In all installations of duct type heaters, however, 
care must be taken in the first stage of heating (preheater) to provide 
protection against freezing, either by heater design or compensating auto- 
matic valve control. Of course, many of the usual combinations or 
variations of duct type and convection or radiant heaters may be used 
with varying degrees of satisfaction, depending on basic design require- 
ments such as weight and space limitations and economic justification for 
refinements. 

REQUIREMENT FOR VARIOUS TYPES OF SPACE 

In the paragraphs which follow the most important considerations are 
given for the treatment of the various spaces, but the resulting quantities 
of air should in all cases be checked with those shown in Table 1. 

Machinery Spaces 

The prime purpose of machinery space ventilation is to maintain a 
habitable temperature for the operating personnel. Of secondary impor- 
tance is the necessity for preserving temperature conditions satisfactory 
for the successful operation of machinery, particularly of that designed 
for certain maximum ambient temperatures. High dissipation of heat, 
from high temperature steam equipment or from high powered electrical 
installations, make it more practicable to use spot cooling of working 
areas, rather than to attempt to obtain uniform ambient temperature. 
The permissible temperature rise at working stations is usually about 
15 F while the overall temperature rise is usually between 30 and 50 F. 

When the necessary quantity of air has been determined, the venti- 
lation arrangements should be designed so that all of this air will be 
distributed to locations where the personnel are to be stationed under 
operating conditions, thus giving them the maximum benefit from the cool 
air so introduced. This consideration is of vital importance because it 
must be remembered that the physical well being and alertness of the 
crew are more important than the operating ambients of the machinery; 
and by such installation the personnel receives the air before it becomes 
heated to the temperatures satisfactory for the equipment. 

In addition to the air supply, these spaces must be exhausted, pref- 
erably by mechanical means. Every attempt should be made to remove 
air at or close to heat sources so that the mixing of ambient air with that 
which has been heated to a higher temperature will be at a minimum. 
The quantity or capacity of the mechanical exhaust systems should take 
into consideration the expansion of the supply air because of heating and 
should be also sufficient to insure an indraft through access openings to 
the space. Generally, in order to accomplish this, the quantity of me- 
chanical exhaust should be about 120 per cent of the supply. In many 
installations, the combustion air for diesel engines and boilers is taken 
directly from the machinery space and serves as a partial mechanical 
exhaust system. 

Normally, heat is not required for machinery spaces except for those 
fitted with electrically operated equipment, which may remain inactive 
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Table 1. Typical Heating and Ventilation Practices for Ships 


Crews Quarters Mech. 


Passenger & Officers Qtrs. 


Mess Rooms Mech. 


Galley and Pantry.. 


Deck Pantries (No cook- 
ing Equipment) 

Stores Spaces (Adjacent 

to Living Quarters) 

Stores Spaces (Isolated 

Locations) 

Hospital Spaces .... 

Soiled Linens and Oilskin 

Lockers 

Shops. 

Group Berthing Spaces 

CO 2 Bottle Space 

Battery Room 

Laundry 


Dry Cargo Holds.. 


Stearing Gear Space.. 
Dry Stores 


Gyro Room... 


Theaters and Halls 

Passageways.- 


Engine & Boiler Rooms.. 
Misc. Machinery 


Resistor Spaces.. 
Stair Wells 


Type of 
Ventilation 

Sup. 

Exh. 

Mech. 

Mech. 
or Nat. 

Nat. 

Mech. 

Mech. 

Mech. 
or Nat. 

Mech. 

Mech. 
or Nat. 

Mech. 

Mech. 
or Nat. 

Mech. 

Mech. 
or Nat. 

Mech. 

Mech. 
or Nat. 

Mech. 

& Nat. 

Mech. 

Mech. 

& Nat. 

Mech. 

Mech. 

Nat. or 

or Nat. 

Mech. 

Mech. 

Nat. or 

or Nat. 

Mech. 

Mech. 

Mech. 

Nat. 

Mech. 

Mech. 

Mech. 
or Nat. 

. Mech. 

Mech. 
or Nat. 

. Nat. 

Mech. 

. Nat. 

Mech. 

Mech. 

Mech. 

, Mech. 

Nat. or 

or Nat. 

Mech. 

Mech. 

Mech. 

or Nat. 

or Nat. 

Mech. 

Nat. or 
Mech. 

Mech. 

Nat. or 
Mech. 

Mech. 

Nat. or 
Mech. 

Nat. 

Nat. 

Mech. 

Mech. 

or Nat. 

or Nat. 

Mech. 

Mech. 

or Nat. 

or Nat. 

Nat. 

Mech. 

Nat. 

Nat. 


Type 

OF 

Heating 

Air 

Change 
• Minutes 

Remarks 

H.B.a 

i 


or DR..^ 

1 5-6 


D.R. 

3-4 


H.B. 



or D.R. 

5-6 


H.B. 



or D.R. 

4-6 


H.B. 



or D.R. 

5-6 

May be 

H.B. 

4-6 

exhausted 

or D.R. 


through galleys 
and Pantries. 

H.B. 


Maybe 

or D.R. 

3-6 

exhausted 
through galleys 
and Pantries, 

H.B. 

1-2 

Tempered air 
Sup. 

H.B. 



or D.R. 

3-6 



15-20 



15-30 


:.B. or D.R. 

4 



15-20 


H.B. 



or D.R. 

6-10 


H.B. 



or D.R. 

3-6 



10 


D.R. 

2 


H.B. 

1-4 

Tempered air 
Sup, 


20-30 


H.B. 


Unit Heater if 

or D.R. 

2-6 

desired. 

— 

6-10 



3-6 


H.B. 



or D.R. 

6-8 


D.R. 


Exhausting or 
Supplying ad- 
jacent Quarters. 


1-2 



2-4 



10 


D.R. 


Same as pas- 
sageways. 

Exh. at top. 


»H. B. — Hot Blast System. 
bD. R. — Direct Radiation. 
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during periods while in port. Such spaces should be equipped so as to 
heat them to about 50 F during such periods. 

Living Spaces 

The minimum quantity of air required for any space which is fitted for 
sleeping or office work, including hospital spaces, should be that which 
will limit the temperature rise over the outside air conditions to not more 
than 10 F (a rise of 7 F is more satisfactory if practicable), or a minimum 
of 30 cfm per person, whichever is the greater. For spaces fitted for 
eating, recreation, or manual work the rise may be taken at 10 F with not 
less than 20 cfm per person. 

It will be notecf that the quantities thus obtained are minimum and 
should be supplied by mechanical means. This is especially important 
if the spaces are located inside of the ship and have no direct weather 
exposures with ample openings, such as portholes or windows, which may 
remain open even in inclement weather. The same requirement applies 
to the necessity for mechanical exhaust, although natural exhaust may be 
used where only a short run of duct is required. 

If the air to these spaces is supplied by mechanical ventilation it should 
enter through registers or diffusing type terminals. The installation of 
bracket fans within these compartments at proper locations and of suf- 
ficient number will aid materially in providing proper distribution for 
comfort. 

Heat should be furnished to these spaces to maintain the following 
temperatures when operating in the minimum winter conditions: 


Staterooms, Berthing, Messing and Office spaces 70 F 

Working spaces and Shops 60 F 

Hospital spaces 75 to 78 F 


Toilets, Washrooms, Showers and Baths 

Spaces for this purpose should be fitted with mechanical exhaust venti- 
lation for odor and steam removal. They should have one or more well 
located exhaust terminals overhead; one will usually suffice for the 
average size space. The supply may be taken naturally. Generally, the 
surrounding living or working spaces are exhausted trough them. The 
minimum total quantity exhausted should be that which would change the 
air within the compartment in 6 min, plus 25 cfm for each fiixture, plus 
50 cfm for each shower head. Air requirements on merchant vessels are 
commonly estimated on the basis of a 4-min rate of chetnge. 

Heating should be obtained by use of convection-type heaters which 
should maintain 70 to 80 F for bathing or washing spaces and 70 F for toilet 
spaces when the outside winter temperature is at the design condition. 

Galleys, Bakeries, and Food Handling Spaces 

The problem of the ventilation of spaces fitted for cooking and food 
preparation is primarily one of heat and smoke or fume removal. Me- 
chanical exhaust is always required for this purpose. The supply may be 
natural, but the required exhaust capacity will be most satisfactory if 
arranged for 50 per cent mechanical and 60 per cent natural. 

The exhaust quantities are generally large and may be predicated on 
restricting the ambient temperature rise to about 15 F over the outside 
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summer design air conditions. It will generally be found that the resulting 
quantity will change the air in these spaces in about ^ to 1 min, depending 
on concentration of equipment. All of the exhaust should be arranged so 
as to remove air from the space through hoods fitted over the cooking 
equipment and these hoods should contain grease filters over ranges and 
griddles and should be made readily accessible for frequent cleaning. 

The mechanical supply when fitted should blow air directly on the 
personnel but away from the equipment and so as not to interfere with 
the flow of exhaust air to the hoods. 

Generally, no heat is required for these spaces in winter except that the 
supply air temperature should not be too low. Usually a preheater 
delivering air at about 45 to 60 F should be provided. 

Laundries 

The problems in the ventilation of laundries are somewhat similar to 
those for galleys. Heat removal is necessary and best accomplished by 
the installation of mechanical exhaust through hoods fitted over the heat- 
producing equipment. 

The supply for these spaces may be all mechanical, or part mechanical 
and part natural. The mechanical supply should be distributed through 
adjustable blast-type terminals at relatively high velocities directed to 
blow cool air on the torsos of the operating personnel. Experience 
indicates that this quantity should be sufficient to change the air in the 
spaces in from 1 to 4 min. 

The exhaust should be at least one air change per minute and at least 
equal to 120 per cent of the total supply so as to insure an indraft of air 
through the access openings to the space. All exhaust openings within 
the space should be fitted to be readily accessible for frequent cleaning 
and lint removal. 

No winter heating is required except that the supply air should be 
delivered at about 40 to 60 F. 

Storerooms and Cargo Spaces 

The ventilation of these spaces should be predicated upon the kind 
and type of stores or cargo to be carried. 

For materials which would not' be adversely affected by summer tem- 
peratures, no ventilation is required. Also, storerooms or cargo spaces 
below the water line in which temperatures would not normally exceed 
100 F with the sea water assumed as 85 F maximum, may not require 
ventilation for certain cargoes. As spaces in these two categories are 
frequently dainp some means of moisture removal must be provided. 
Chernical dessicants are satisfactory where it is essential to prohibit 
openings through watertight structure. In other cases a supply of dry 
air is provided froin a central silica gel dehumidification system and 
distributing ducts, with recirculation used to-accelerate the drying process. 

Where storage spaces must be ventilated to obtain a change of air in 
about 15 to 30 min, in some cases the ventilation is determined by the 
maximum temperature which the cargo or stores can withstand without 
damage. 
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Spaces in which inflammable liquids are carried, or where inflammable 
vapors may be generated, require special consideration. They should be 
fitted with mechanical exhaust with terminals so located as to remove 
explosive or combustible vapors. The supply to these spaces may be 
natural and arranged so that good distribution, free from pockets, is 
assured. 

If stores and cargo, which require some special and constant tempera- 
ture or humidity control, are carried, special air conditioning equipment 
must be installed to suit the particular requirements. 


SHIP INSULATION 

In order to properly limit one of the major ventilation heat loads which 
is that made necessary by heat transmission, and to prevent condensa- 
tion, it is necessary to use insulation judiciously. The principal sources 
of heat in a ship are the power plant and sun load. The confinement or 
exclusion of this heat in the structure of a ship is not easy, principally 
because of the complex structural nature of the beams, stiffeners, bulk- 
heads, decks and hull. The continuous metal paths offer easy means of 
heat flow throughout the structure. 

Insulation like any other component hull part of the ship cannot be 
used indiscriminately because of weight and space limitations. Therefore 
higher heat transmission coefficients are accepted for insulated structures 
of certain classes of vessels, than would be considered satisfactory ashore. 
On passenger and cargo vessels, the structure is frequently covered with a 
metal sheathing in order to improve appearance. Such sheathing reduces 
the resistance to heat flow because the necessary supports form a metallic 
contact that bypasses the insulation. 

Hull insulation may be either sheathed fill or blanket and board type 
and should possess certain desirable physical characteristics, namely: 

1. Fireproofness. The material must be incombustible and when subjected to high 
temperatures by fires within compartments and it must not give off smoke or harmful gases. 
If cements are used to secure the material they too must satisfy the same combustible 
restrictions. When the exposed surface of the insulation is to be finished with paint, the 
paint should be fire retardant. Insulation properly used will retard the spread of fires 
within ships. Government regulations govern the construction and insulation of bulk- 
heads to prevent the spread of fire on vessels. 

2. Density. A 6,000 ton warship may have from 13 to 25 tons of hidl insulation, 
depending on the type of insulation. It is obviously desirable to minimize this dead 
weight commensurate with other considerations. 

3. Thermal Conductivity. It is important that the conductivity of insulation used 
be 0.33 Btu per hour per square foot per degree Fahrenheit. 

4. Ruggedness. As any exposed or internally applied material is subjected to rough 
usage aboard ship it must be able to withstand much pounding from the seas and vibra- 
tion from the ship’s machinery. 

5. Verminproof. For sanitary reasons it is essential that insulation harbor no vermin. 

6. Applicability. Because of the necessity of speeding construction of vessels and 
minimizing costs, insulating materials must lend themselves to easy and ready applica- 
tion. Generally, when cements are used the application is slow and laborious. 

For duct insulation — ^mineral wool or spun glass are the most commonly 
used materials. Corrugated asbestos is not recommended because the 
presence of moisture tends to disintegrate it. Semi-rigid insulation is 
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generally used because it is simplest to install. Blanket type insulations 
are applied only to round or curved surfaces, and are secured with twine 
and lagged with sewed-on canvas. Semi-rigid type insulation, secured 
by adhesive, flat wire bands, and corner clips, is lagged with canvas only 
where exposed. Blanket t>’pe insulation is at least 1 in. thick. The 
thickness of semi-rigid insulation is frequently selected in accordance 
with the values given in Table 2. 


Table 2. Duct Insulation Thickness for Use in Ships 


Application 

j Thickness 

1 In. 

Tempered air ducts in unheated spaces where a temperature differential 

greater than 35 F exists 

Cold air ducts, supply and exhaust passing through heated spaces — 

Exposed ducts in riMted spacf^s, flir . j 

1 

Concealed ducts carrying reheated air, sidjacent structure exposed 

Concealed ducts carrying reheated air, adjacent structure not exposed 

1 

li 

Dnrtfi servingr only the spare in which they are located 

None 

Exhaust ducts carrying hot gases (galley, forges, etc.), in living and 
working spa.ces _ __ .. . . .. _ _ . 

1 

Supply ducts in machinery spaces and similar hot spaces, serving spaces 

other tha.n the hot spaces through which they pass _ 

1 

He^iters. 

1 

Ducts subject to excessive sweating 

V2 


Fans are seldom insulated. Preheaters are frequently located close to 
the fresh air intake in order to conserve insulation, and for the same 
reason zone reheaters are located as close to the zone as possible. Where 
a reheater serves only one space, the heater is commonly located in the 
space. 
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EMERGENCY WAR PRACTICES 


I NFORMATION given in the Technical Data Section of The Guide 
is based on standard and commonly accepted good practices. Due to 
war conditions and in order to save critical materials for war service 
many substitutions in materials and changes in methods have been 
necessary. Recent changes in priority regulations have had a tendency 
to relax some of the restrictions that have been placed upon the use of 
some metals in producing heating and air conditioning equipment, but 
nevertheless it will undoubtedly be necessary to continue the use of 
substitute materials wherever feasible during the emergency. 

Regulations by the War Production Board have banned the manufacture, 
installation and sale of heating, ventilating, air conditioning and re- 
frigeration equipment of almost all kinds except for essential war and 
civilian use. Interpretation of the regulations discloses that all air 
conditioning for personal comfort is eliminated, and equipment for sup- 
plying preference orders only can be made available. In this way, the 
most essential needs of the war program, by virtue of their high priority 
rating, have first access to whatever equipment is available. Provision 
has been made for securing materials to permit emergency repair services 
to be rendered on existing equipment. 

As amendments to these orders are made from time to time to meet 
current needs, it is not feasible to include a list of these regulations but 
they are available at all regional and local offices of W. P, B. 

Whereas, there was a tendency at first to reduce ventilation standards as 
a means of saving fuel during the emergency, greater emphasis is now 
being placed upon intelligent operation of heating, ventilating, and air 
conditioning systems. Public attention is being directed to correction 
of fuel burning equipment and to the advisability of maintaining tem- 
peratures at the minimum allowable value for reasonable comfort. The 
emphasis upon saving fuel is being continued in Government publicity, 
and consequently the engineer must continue to seek out ways and 
means of accomplishing the necessar^^ fuel economy in every type of 
plant as fuel is a weapon of war. 
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In the preceding pages are given technical 
data covering every phase o£ heating, cooling, 
ventilating and air conditioning, and related 
phases of re&igeration. In the pages following 
are factual data on apparatus and materials 
utilized by men in the profession and the in- 
dustry to meet commercial, industrial, in- 
stitutional and residential requirements. For 
convenient reference, these products are as- 


sembled in five general groups, as follows: 

Air Conditioning 883- 937 

Air System Equipment 938- 1018 

Controls and Instruments. . 1019-1044 

Heating Systems 104S- 1131 

Insulation 1 132- 1160 

These general references are supplemented 
by cross references to relevant technical data 


thus giving to the reader complete information 
on the various subjects. 

In am Index to Modern Equipment, au'ranged 
alphabetically according to names of products 
are more than 300 items listing products shown 
in the GUIDE, and also many other products 
made by the manufacturers represented. An 
alphabetical listing of advertisers permits 
ready reference to the products described by 
a specific manufacturer. 








On pages 851-8S4 will be found an alpha- 
betical list of manufacturers — 195 in this 
edition — ^whose products are shown in the 
Catalog Data Section. 

On pages 885-880, under each of the index 
headings— Air Cleaning Equipment, Fans, 
Humidifiers, Ventilators, etc. — will be found, 
fully cross-indexed, a complete list of manu- 
facturers of any desired products, and page 
numbers in the CateJog Data Section where 
the products are described. 

By reference to these indices, the manu- 
factvirers names amd the page numbers, any 
item of equipment or materials and the 
producers address, may be located quickly. 
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Brownell Co., Dayton, Ohio 1095 

Brunner Manufacturing Co., Utica, 

N,Y. 967 

Bryant Heater Co., 17825 St Clair 

Ave., Cleveland, Ohio 902 

Buffalo Forge Co., 450 Broadway, 

Buffalo, N.Y. 981 

Buffalo Pumps, Inc., 450 Broadway, 

Buffalo, N.Y. 1104 

Burnham Boiler Corp., Irvington-on- 
Hudson,N,Y 1075 

C 

Campbell Heating Co., 3172 Dean 

Ave., Des Moines, Iowa 904-905 

E. K. Campbell Heating Co., 2441-3-5 

Charlotte, Kansas City, Mo» 903 

Carey, Philip Co., Locldand, Cincin- 
nati, Ohio 1142 

Carnegie-lliinois Steel Corp., Pitts- 
burgh, Pa 1018 
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Page 

Carrier Corp., Syracuse, N. Y 888-889 

Ceiotex Corp., 120 S. LaSalle St., 

Chicago, 111 1143 

Champion Blower & Forge Co., 

Lancaster, Pa. 982 

Chicago Pump Co., 2330 Wolfram St., 

Chicago, III 1105 

Clarage Fan Co., Kalamazoo, Mich 890 

Coal-Heat (a pub.), 20 W, Jackson 

Blvd., Chicago, 111 1163 

Cochrane Corp., 3130 North 17th St., 

Philadelphia, Pa. 1110 

Combustion Engineering Co., Inc., 200 

Madison Ave., New York, N- Y. 1100 

W. B. Connor Engineering Corp., 114 
East 32nd St., New York, N. Y., 

942-943, 1004 

Coppus Engineering Corp., 339 Park 

Ave., Worcester, Mass 944 

Crane Co., 836 S. Michigan Ave., 

Chicago, HI 1076-1077 

Curtis Refrigerating Machine Div. of 
Curtis Manufacturing Co., 1959 
Kienlen Ave., St. Louis, Mo 968 

D 

Davies Air Filter Corp., 36 East 12th 

St, New York, N. Y 945, 1005 

DeBothezat Div., American Machine 
& Metals, Inc., 902 DeBothezat 

St., East Moline, III 983 

Detroit Lubricator Co., Detroit, 

Mich 948,1022-1023 

Detroit Stoker Co., General Motors 

Bldg., Detroit, Mich 1096-1097 

Dole Valve Co., 1901-1941 Carroll Ave., 

Chicago, HI 1120 

Doilinger Corp., (formerly Staynew) 6 

Centre Pk., Rochester, N. Y 946-947 

Domestic Engineering (a pub.), 1900 

Prairie Ave., Chicago, HI 1165 

DowChemicalCo., Midland, Mich... . 1131 
Dravo Corp., 300 Penn Ave-, Pitts- 
burgh, Pa. 916-917 

C. A, Dunham Co., 450 E. Ohio St., 
Chicago, Ilf- 1048-1050 

C 

Eagle-Picher Lead Co., American Bldg., 

Cincinnati, Ohio 1144 

Electric Air Heater Co., Mishawaka, 

Ind. 915 

r 

Farrar & Trefts, Inc., 20 Milburn St., 

Buffalo, N.Y. 1080 

Fodders Manufacturing Co., Inc., 85 

Tonawanda St, Buffalo, N. Y. 918 

Fitzgibbons Boiler Co., Inc., 101 Park 
Ave., New York, N- Y. 1078-1079 


Page 

Frick Co., (Inc.), Waynesboro, Pa. . . . 969 

Fueloil and Oil Heat (a pub.), 232 

Madison Ave., New York, N. Y 1166 

Fulton Sylphon Co., Knoxville, 

Tenn 1024-1025 

G 

G & 0 Manufacturing Co., 138 Win- 
chester Ave., New Haven, Conn 965 

Gar Wood Industries, Inc., 7924 

Riopelle St., Detroit, Mich 912 

Genera! Controls, 801 Allen Ave., 

Glendale 1, Calif. 1026-1027 

General Electric Co., Bloomfield, 

N.J. 892-893 

General Electric Co., Schenectady, 

N.Y. 1000-1001 

Grinnell Co., Inc., Providence, 

R.1 1066-1067,1111 

H 

William S. Haines & Co., 12th and 
Buttonwood Sts., Philadelphia, Pa. . 1 051 
Arthur Harris & Co., 210-218 N. 

Aberdeen St, Chicago, III 1124 

Hart & Cooley Manufacturing Co., 

Holland, Mich 1006-1007 

Hastings Air Cond. Co., Inc., Hastings, 

Nebr 891 

Heating & Ventilating (a pub.), 140-148 

Lafayette St, New York, N. Y. 1167 

Heating, Piping and Air Conditioning 
(a pub.), 6 N. Michigan Ave., 

Chicago, HI 1164 

Hendrick Manufacturing Co., 48 

Dundaff St, Carbondale, Pa. 1008 

Henry Valve Co., 1001-19 N. Spaulding 

Ave., Chicago, III. 1028 

Herco Oil Burner Corp., Lancaster, Pa. 1102 
Hoffman Specialty Co., Inc., 1001 York 
St, Indianapolis, Ind 1052-1053 

1 

Ilg Electric Ventilating Co., 2880 N. 

Crawford Ave., Chicago, Hi. . 919, 984-985 
Illinois Engineering Co., Chicago, 

HI 1064-1055 

Illinois Testing Laboratories, Inc., 422 

N. LaSalle St, Chicago, HI 1029 

Independent Register Co., 3747 East 

93rd St, Cleveland, Ohio 1009 

insulite Division of Minnesota and 
Ontario Paper Co., 500 Baker Arcade 

Bldg., Minneapolis, Minn 1146-1147 

Insui-Wool Insulation Corp., Wichita, 

Kan 1145 

International Boiler Works Co., East 
Stroudsburg, Pa 1081 
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International Exposition Co., Grand 

Central Palace, New York, N. Y 1 161 

Iron Fireman Manufacturing Co., 
Portland, Oregon ... . . 1098-1099 

J 

Jenkins Bros., 80 White St., New 

York13,N.Y 1121 

Johns-Manviiie, 22 East 40th St., 

New York, N.Y. 1148-1149 

Johnson Service Co., Milwaukee, 

Wis 1030-1031 

Jones & Laughlin Steel Corp., Jones & 
Laughlin Bldg., Pittsburgh, Pa. 1017 

EC 

Kennard, Sam, Inc., 4821 Easton Ave., 

St. Louis 13, Mo 922 

Kewanee Boiler Corp., Kewanee, 

III 1082-1085 

Kleley & Mueller, Inc., 2013-2033 

43rd St., North Bergen, N.J 1112 

Kimberly-Clark Corp., Neenah, 

WIs 1150-1151 

Kramer Trenton Co., Trenton, N. J. 920-921 

L 

La-Del Conveyor & Mfg. Co., New 

Philadelphia, Ohio 986-987 

Lau Blower Co., 2007 Home Ave., 

Dayton, Ohio 988 

Lee Engineering Co., Union National 

Bank Bldg., Youngstown, Ohio 913 

Leeds & Northrup Co., 4941 Stenton 

Ave., Philadelphia, Pa. 1032 

Libby-Owens-Ford Glass Co., Nicholas 

Bldg., Toledo, Ohio 1135 

LIlie-Hoffmann Cooling Towers, Inc., 

4239 Duncan Ave., St. Louis 10, 

Mo r. 957 

Lockport Cotton Batting Co., Lockport, 

N.Y. 1152 

M 

Manning, Maxwell & Moore, Inc., 

Bridgeport, Conn 1033 

Marley Co., Fairfax and Marley Roads, 

Kansas City, Kan 958 

Mario Coil Co., 6135 Manchester Ave., 

St Louis, Mo 970 

Marsh, Jas. P., Corp., 2073 Southport 

Ave., Chicago, 111 1122-1123 

Martocello, Jos. A. &, Co., 229-231 
North 13th St., Philadelphia, Pa. — 9^ 
McDonnell & Miller, Wrigley Bldg., 

Chicago, III 1070-1071 

McQuay, Inc., 1602 Broadway, N.E., 
Minneapolis, Minn. 924-925 


Page 

Mercoid Corp., 4201 Belmont Ave., 

Chicago, 111 1036 

Meriam Co., 1947 West 112th St, 

Cleveland, Ohio 1037 

Minneapolis-Honeyweil Regulator Co., 

Minneapolis, Minn 1034-1035 

Modine Manufacturing Co., 17th and 

Hoiburn Sts., Racine, Wis 926-927 

Morrison Products, Inc., East 168th 
St. and Waterloo Rd., Cleveland 10, 

Ohio 989 

Mueller Brass Co., Port Huron, 

Mich 1128-1129 

L J. Mueller Furnace Co., 2009 W. 

Oklahoma Ave., Milwaukee, Wis. 908-909 
Mueller Steam Specialty Co., Inc., 

40-20 22nd St, Long Island City, 

N.Y. 1113 

Mundet Cork Corp., 65 S. Eleventh 

St, Brooklyn 11, N.Y 1153 

D- J. Murray Mfg. Co., Wausau, Wis. . 923 

N 

Nash Engineering Co., 234 Wilson Rd., 

South Norwalk, Conn. 1106-1107 

National Radiator Co., Johnstown, 

Pa. 1086-1087 

Herman Nelson Corp., The, Moline, 

III 928-929 

John J. Nesbitt, Inc., Holmesburg, 

Philadelphia, Pa. 930 

New York Blower Co., 32nd St and 

Shields Ave., Chicago, I ii 990 

Niagara Blower Co., 6 East 45th St, 

New York, N. Y 894 

Norge Heating and Conditioning Div., 
Borg-Warner Corp., 12346 Kercheval 
Ave., Detroit, Mich 910-911 

O 

Owens-Corning Fiberglas Corp., 

Toledo, Ohio 950-951 

Owens-lllinoIslGlass Co., Ohio Bldg., 
Toledo, Ohio 1133 

P 

Pacific Lumber Co., 100 Bush St, San 

Francisco, Calif. 1154 

Pacific Steel Boiler, Div., U. S. Radiator 

Corp., Detroit Mich. 1091 

Palmer Co., 2506 Norwood Ave., 

Cincinnati (Norwood), Ohio 1038 

Parks-Cramer Co., Fitchburg, Mass.. . 895 
Penn Electric Switch Co., Goshen, Ind. 1039 
Pittsburgh Corning Corp., Grant Bldg., 

Pittsburgh, Pa. 1134 

Plumbing and Heating Journal (a pub.), 

45 West 45th St, New York, N.Y,. .. 1168 
H. W. Porter & Co., Newark, N.J 1137 
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Powers Regulator Go., 2719 Greenview 

Ave., Chicagoi III 1040 

Propellair, Inc., 1944 Clark Blvd., 
Springfield, Ohio 991 

R 

Refrigeration Economics Co., Inc., 

Canton, Ohio 931 

Register & Grille Manufacturing Go., 

Inc., 70 Berry St, Brooklyn, N. Y, . . . 1010 
Research Products Corp., Madison, 

Wis. 949 

Revere Copper & Brass, Inc,, 230 Park 

Ave., New York 17, N. Y. 1130 

Reynolds Metals Co., Inc., Reynolds 

Metals Bldg,, Richmond, Va 1155 

Ric-wiL Co., Union Commerce Bldg., 

Cleveland, Ohio 1138 

Ruberoid Co., 500 Fifth Ave., New 
York,N.Y 1156-1157 

S 

Sarco Co., Inc., 475 Fifth Ave., New 

York,N.Y 1056-1057 

Servel, I nc., Evansville 20, 1 nd. 971 

Sheet Metal Worker (a pub.), 45 West 

45th St, New York, N. Y. 1168 

H. B. Smith Co., Westfield, Mass. 1090 

H. J. Somers, Inc., 6063 Wabash Ave., 

Detroit Mich 952 

Spence Engineering Co., inc., 28 Grant 

St, Walden, N. Y. 1041 

Spencer Heater, Division— The Avia- 
tion Corp., Williamsport, Pa.. . , 1088-1089 
Staynew Filter Corp., (See Dellinger 
Corp.) 

B. F. Sturtevant Co., Hyde Park, 

Boston, Mass 995-997 

Supreme Air Filter Co., 126 West 21st 
St,NewYorkl1,N.Y 953 

T 

Taco Heaters, Inc., 342 Madison Ave., 

New York 17, N.Y. 1058-1059 

Taylor Instrument Companies, 

Rochester, N. Y. 1042 

H. A. Thrush & Co., Peru, Ind. . . . 1060-1061 
Todd Combustion Equipment, Inc., 

West 26th St, New York, N, Y. 1103 

Torrington Mfg. Co,, 50 Franklin St, 

Torrington, Conn 992-994 

Trane Co., 2021 Cameron Ave., 

UCros$e,Wis 932-933 

Tuttle & Bailey, Inc., New Britain, 

Conn 1012-1013 

17 

United States Air Conditioning Corp., 
Northwestern Terminal, Minneapolis, 

Minn 898 


Page 

United States Gauge Co., 14 Wall $t, 

New York, N.Y 1043 

United States Gypsum Co., 300 W. 

AdamsSt, Chicago, III 1158-1159 

United States Radiator Corp., Detroit, 

Mich 1092-1093 

United States Register Co., Battle 

Creek, Mich 1011 

United States Steel Corp. Subsidiaries, 

Pittsburgh, Pa 1018 

Universal Cooler Corp., Marion, Ohio . 972 
Universal Zonolite insulation Co., 135 

S. LaSalle St., Chicago, III 1139 

Utifity Fan Corp., 4851 Alameda St., 

Los Angeles, Calif 998 

V 

Vilter Manufacturing Co., Milwaukee 7, 

Wis 973 

Vinco Co., Inc., 305 East 45th St., 

New York, N.Y. 1068-1069 

W 

Wagner Electric Corp., 6403 Plymouth 

Ave., St. Louis, Mo 999 

Warren Webster & Co., Camden, 

N.J 1062-1065 

Water Cooling Equipment Co., 8613 
New Hampshire Ave., St. Louis, Mo. 959 
Webster Engineering Co., 419 W. 

Second St., Tulsa, Okla 1101 

Well-McLain Co., 641 W. Lake St., 

Chicago, III. 1094 

Westinghouse Electric & Mfg. Co., 
Edgewater Park, Cleveland, Ohio ... 954 
Westinghouse Electric Elevator Co., 

150 Pacific Ave., Jersey City, 

N.J 896-897 

White-Rodgers Electric Co., 1293 Cass 

Ave., St. Louis, Mo. 1044 

L J. Wing Mfg. Co., 59 Seventh Ave., 

New York, N.Y. 934-936 

Wolverine Tube Co., 1435 Central 

Ave., Detroit, Mich. 1125 

Wood Conversion Co., First National 

Bank Bldg., St. Paul, Minn 1160 

Worthington Pump & Machinery Corp., 

Harrison, N.J 974-975 

Wright-Austin Co., 309 W. Wood- 
bridge St, Detroit, Mich 1114 

Y 

Yarnall-Waring Co., 7600 Queen St, 

Philadelphia, Pa 1115 

York Corporation, York, Pa. 899 

Young Radiator Co., 709 Marquette St, 

Racine, Wis. 937 

Young Regulator Co., 4500 Euclid Ave., 
Cleveland, Ohio 1014 
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ACCUMULATORS 
McQuay, Inc., 924-925 

ADSORBER, Odor 
W. B. Connor Engineering Corp., 
942-943, 1004 

AIR CLEANING EQUIPMENT 
also Filters, Atr) 

Air-Maze Corporation, 938-939 
Air Refrigeration Corp., ^3 
Amencan Air Filter Co., Inc., 940- 
941 

American Blower Corp., 884-885 
American Moistening Co„ 955 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Bahngon Company, 886-887 
Buffalo Forge Company, 981 
Clarage Fan Company, 890 
W. B. Connor Engineenng Corp., 
942-943, 1004 

Coppus Engineering Corp., 944 
Davies Air Filter Corp., 946, 1005 
Detroit Lubricator Co., 948, 1022- 
1023 

DoUinger Corp. (Staynew), 946-947 

C. A. Dunham Co., 1048-1050 
Fitzgibbons Boiler Co., 1078-1079 
General Electnc Company, 892- 

893, 1000-1001 

Martocello, Jos. A. & Co„ 960 
L. J. Mueller Furnace Co., 908-909 

D. J. Murray Mfg. Co., 923 
Owens-Coming flberglas Corp., 

950-961 

Parks-Cramer Company, 895 
Research Products Corp., 949 
H. J. Somers, Inc., 952 

B. F. Sturtevant Co., 995-997 
Supreme Air Filter Co., 953 
United States Air Conditioning 
Corp., 898 

Westingjiouse Electric Elevator 
Co., 896-897 
York Corporation, 899 

AIR COMPRESSORS (/See Cotn- 
pressors, Air) 

AIR CONDITIONING CON- 
TROLS (JSee Controllers and 
Control Equipment, Humidity 
Controls) 

AIR CONDITIONING COILS 
Acme Industries, Inc., 961 
Aerofin Corporation, 962-964 
Carrier Corporation, 888-889 
Curtis Refrigerating Machine Co., 
Div. Curtis Mfg. Co., 968 
Electric Air Heater Div. of Ameri- 
can Foundry Equipment Co., 916 
Fedders Manufacturing Co., 918 
G. & O. Manufacturing Co., 965 
General Electric Company, 892- 
898, 1000-1001 
Arthur Harris & Co., 1124 
Sam Ketmard, Inc., 922 


Kramer Trenton Co., 920-921 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 
Modine Manufacturing Co., 926- 
927 

Mueller Brass Co., 1128-1129 
D. J. Murray Mfg. Co., 923 
J. J. Nesbitt, Inc., 930 
Niagara Blower Company, 894 
Refrigeration Economics Co.. 931 

B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 

United States Air Conditioning 
Corp., 898 

VHter Manufactunng Co., 973 
Westmghouse Electric Elevator 
Co.. 896-897 

Young Radiator Company, 937 

AIR CONDITIONING REGIS- 
TERS AND GRILLES {See 
Grilles, Registers) 

AIR CONDITIONING UNITS 
Air & Refrigeration Corp., 883 
Airtemp Div., Chrysler Corp., 906- 
907 

American Blower Corp., 884-885 
Amencan Radiator & Standard 
Sanitary Corp., 1072-1073 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Baker Ice Machine Co., 966 
Brunner Manufacturing Co., 967 
Bryant Heater Co , 902 
Buffalo Forge Company, 981 
Burnham Boiler Corp., 1075 
Carrier Corporation, 8^889 
Clarage Fan Company, 890 
Crane Company, 1076-1077 
Curtis Refngerating Machine Co., 
Div. Curtis Mfg. Co., 968 

C. A. Dunham Co., 1048-1050 
Fedders Manufacturing Co., 918 
Fitzgibbons Boiler Co., Inc., 1078- 

1079 

Frick Company, Inc., 969 
Gar Wood Industries, Inc., 912 
General Electric Company, 892- 
893, 1000-1001 

Grinnell Co.. Inc., 1066-1067, 1111 
Hastings Air Conditioning Co., 891 
Ilg Electric Ventilating Co., 919, 
984-986 

Sam Kennard, Inc., 922 
Kramer Trenton Co., 920-921 
Lau Blower Co., 988 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 
Modine Mfg. Co., 926-927 
Morrison Products, Inc., 989 
L, J. Mueller Furnace Co., 908-909 

D. J. Murray Mfg. Co., 923 
Herman Nelson Corp., 928-929 
J, J. Nesbitt, Inc., 930 
Niagara Blower Company, 894 
Norge Heating and Conditioning 

Div., Borg-Wamer Corp., 910-911 
Parks-Cramer Co., 895 
Refrigeration Economics Co., 931 
H. J. Somers, Inc., 962 


B F. Sturtevant Co., 995-997 
Trane Company, The, 932-933 
United States Air Conditioning 
Corp., 898 

United States Radiator Corp., 1092- 
1093 

Universal Cooler Corp., 972 
Utility Fan Corporation, 998 
Vilter Manufactunng Co., 973 
Warren Webster & Co., 1062-1065 
Webster Engineering Co., 1101 
Westinghouse Electnc Elevator 
Co 896-897 

Worthington Pump & Machinery 
Corp., 974-975 
York Corporation, 899 
Young Radiator Company, 937 


AIR COOLING, HUMIDIFYING 
AND DEHUMIDIFYING 
APPARATUS 

Aerofin Corporation, 962-964 
Air & Refrigeration Corp., 883 
Airtemp Div., Chrysler Corp,, 906- 
907 

American Blower Corp., 884-885 
American Radiator & Standard 
Sanitary Corp., 107^1073 
Amencan Moistening Co.. 955 
April Showers Company, 966 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Bahnson Company, 886-887 
Baker Ice Ma^ne Co., 966 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Carrier Corporation, 888-889 
Clarage Fan Company, 890 
Curtis Refrigerating Machine Co., 
Div. of Curtis Mfg. Co., 968 
Fedders Manufacturing Co., 918 
Frick Company, Inc., 969 
General Electric Company, 892- 
893, 1000-1001 

Grinnell Co., Inc., 1066-1067, 1111 
Insul-Wool Insulation Corp., 1145 
Kramer Trenton Co., 920-921 
Mario Coil Company, 970 
McQuay, Incorporate, 924-926 
Modine Mfg. Co , 926-927 
D. J. Murray Mfg. Co., 923 
Herman Nelson Corp., 928-929 
J. J. Nesbitt, Inc., 930 
Niagara Blower Company, 894 
Parks-Cramer Company, 895 
Refrigeration Economics Co„ 931 
Servel, Inc., 971 
H. J. Somers, Inc., 952 
B. F. Sturtevant Co„ 995-997 
Trane Company, 932-933 
United States Air Conditioning 
Corp., 898 

Universal Cooler Corp., 972 
Vilter Manufacturing Co., 973 
Westinghouse Electric Elevator 
Co., 896-897 

L. J. Wing Mfg. Co., 934-936 
Worthington Pump & Machinery 
Corp., 974-975 
York Corporation 899 
Young Radiator Company, 937 


Numerals fcdlowing Manufacturers’ Names refer to pages in the, Catalog Data Section 
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AIR DIFFUSERS 
Air & Refiigeration Corp., 883 
American Blower Corp., 884-885 
American Foundry & Furnace Co., 
900-901 

Anemostat Corp. of America, 1002 
Barber-Colman Co., 1003, 1021 
E, K. Campbell Heating Co., 903 
W. B. Connor Engineering Corp., 
942-943 1004 

Davies Air Filter Corp., 945, 1005 
Hart & Cooley Mfg. Co., 1006-1007 
Independent Register Co., 1009 
Kramer Trenton Co., 920-921 
Tuttle & Bailey, Inc., 101^1013 
United States Renter Co., 1011 
Young Radiator Company, 937 

AIR DUCrrS {See Duds) 

AIR ELIMINATORS 
American Radiator & Standaid 
Sanitary Corp., 1072-1073 
Armstrong Macliine Works, 1108- 
1109 

Bell &. Gossett Co., 1046-1047 
Burnham Boiler Corp., 1075 
Dole Valve Company, 1120 
C. A. Dunham Co.. 1048-1050 
Ho5fman Specialty Co., Inc., 1052- 
1053 

IlUnoia Engineering Co., 1054-1055 
Mueller Steam Specialty Co., Inc., 
1113 

Sarco Company, Inc., 1056-1057 
Trane Company, The, 932-933 
Warren Webster & Co., 1062-1065 
Wright- Austin Co, 1114 

AIR FILTERS (See FiUers, Atr, 
also Air Cleamng EguipmerU) 

AIR FITTINGS, Brass 
Martocello, Jos. A, & Sons. 960 
AIR FITTINGS, Plastic 
Dow Chemical Company, 1131 

AIR FILTER CLEANING COM- 
POUNDS 

Air-Maze Corporation, 938-939 
American Air Filter Co., 940-941 
Dellinger Corp. (Staynew), 946-947 

AIR FILTER GAUGE 
American Air Filter Co„ 940-941 

AIR MEASURING AND RE- 
CORDING INSTRUMENTS 
American Blower Corp., 884-885 
American Moistening Co., 955 
Grinnell Co., Inc., 1066-1067, 1111 
Illinois Testing Labomtones, Inc., 
1029 

Johnson Service Co., 1030-1031 
Minneapohs-Honeywell Regulator 
Company, 1034-1035 
Palmer Company, 1038 
Parka-Cramer Company, 895 
Powers Regulator Co., 1040 
Taylor Instrument Companies, 1042 

AIR MOISTENING APPARA- 
TUS (SeeBumidtfiers) 

AIR PURIFYING APPARATUS 
Air-Maze Corp., 938-939 
Air & Refngeration Corp., 883 
American Air Filter Company, Inc,, 
940-941 

American Blower Corp., 884-885 
Buffalo Forge Co., 981 
Burnham Boiler Corp., 1075 
earner Corporation, 888-889 


W. B. Connor Engineering Corp., 
942-943, 1004 

Coppus Engineering Corp , 944 
Davies Air Filter Corp., 945, 1005 
DeBothezat Dnision American 
Machine & MetaU, Inc , 983 
Owens-Cormng Fiberglas Corp., 
950-951 

H. J. Somers, Inc., 952 
B. F. Sturtevant Co , 995-997 
Supreme Air Filter Co., 953 
Westinghouse Elec. & Mfg. Co., 
954 

L. J. Wing Mfg Co . 934-930 
Wright- Austin Co . 1114 

AIR RECEIVERS (See Recetvefs, 
Air) 

AIR RECOVERY, Method of, 
W. B Connor Engineenng Corp., 
942-943, 1004 

AIR TUBING, Flexible Metal 
(See Tubing, Flextble Metallic) 

AIR VELOCITY METERS (See 
Meters, Air Velocity) 

AIR VELOCITY REGULATORS 
Anemostat Corp. of America, 1002 
Barber-Colman Co.. 1003, 1021 
Johnson Service Co., 1030-1031 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 
Powers Regulator Co , 1040 
Umted States Register Co., 1011 

AIR WASHERS 
Air & Refrigeration Corp., 883 
American Blower Corp., 884-885 
American Coolair Corp., 97^979 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Bahnson Company, 886-887 
Baker Ice Machine Co., 966 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Clarage Fan Company, 890 
W. B. Connor Engineenng Corp., 
942-943, 1004 
D. J. Murray Co., 923 
New York Blower Co., 990 
Parks-Cramer Company, 895 
H. J. Somers, Inc., 952 
B, F. Sturtevant Co., 995-997 
Trane Company, 932^933 
Umted States Air Conditioning 
Corp., 898 

Vilter Manufacturing Co., 973 
York Corporation, 899 

ALARMS, Water Level 
General Controls, 1026-1027 
Illinois EngSneenng Co., 1054-1055 
Kieley 3c Mueller, Inc., 1112 
McDonnell & Miller, 1070-1071 
Mercoid Corporation, 1036 
Minneapolia-Honeyw^ Regulator 
Co., 1034-1035 

Mueller Steam Specialty Co., 1113 
Warren Webster & Co., 1062-1065 
Wright- Austin Company, 1114 
Yamall-Waring Company, 1116 

ALUMINUM FOIL, Insulation 
Alfol Insulation Co., 1140 
Reynolds Metals Co., Inc., 1155 
Ruberoid Co„ The, 1166-1157 
United Stat^ Gyiisum Co., 1158- 
1159 

ALUMINUM FOIL VAPOR 
BARRIER (See Aluminum Foil) 


AMMONIA COILS {See Coils, 
Ammonia) 

ANEMOMETERS 
Illinois Testing Laboratories, Inc., 
1029 

Taylor Instrument Companies. 1042 

ASBESTOS PRODUCTS {See also 
Insulation) 

Carey. Philip, Co., 1142 
Johns-Manville, 1148-1149 
Mundet Cork Corp., 1153 
H. W. Porter & Co., 1137 
Ric-wiL Company, 1138 
Ruberoid Co., The. 1166-1157 
United States Gypsum Co., 1158- 
1159 

Universal Zonolite Insulation Co., 
1139 

ATTIC FAN COOLERS (See Fans, 
Attic, Ventilators, AUtc) 

AUTOMATIC FUEL BURNING 
EQUIPMENT (See Burners, Au- 
matic; Furnace Burners'; Gas 
Burners; Oil Burners; Stokers) 

AUTOMATIC SHUTTERS (See 
Shutters, Automatic) 

AUTOMOBILE HEATER FANS 
Torrington Mfg. Co., The, 992-994 

AXIAL FLOW FANS (See Fans, 
Axial Flow) 

BEARING, Bronze 
Arthur Harris Co., 1124 
Hastings Air Conditiomng Co., 891 
Lau Blower Company, 988 

BENDS, Pipe, Ferrous and Non- 
Ferrous 

Baker Ice Machine Co„ 966 
Crane Co., 1076-1077 
Eagle-Picher Lead Co., 1144 
Frick Company, 969 
Gnnnell Co., Inc., 1066-1067-1111 
Arthur Harris Sr Co., 1124 
Parks-Cramer Co., 895 
Vilter Manufacturing Co., 973 

BENDS, Return (See Pipe, Return 
Bends) 

BLOCKS, Asbestos 
Carey, Philip, Co., 1142 
Johns-Manville, 1148-1149 
Mundet Cork Corp., 1153 
Ruberoid Co., The, 1156-1157 
Umted States Gypsum Co., 1158- 
1159 

Universal Zonolite Insulation Co., 
1139 

BLOCKS, Glass 

American 3-Way-Luxfer Prism Co., 
1132 

Owens-Illinois Glass Co., 1133 
Pittsburgh Cormng Corp., 1134 

BLOWERS, Fan (See Fans, Supply 
and Exhaust) 

BLOWERS, Forced Draft 
Amencan Blower Corp., 884-885 
American Coolair Corp., 978-979 
American Foundry & Furnace Co., 
900-901 

Autovent Fan & Blower Div„ 
Herman Nelson Corp., 929 
Bayley Blower Company, 980 
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Buffalo Forge Company, fiSl 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
Coppus En^neenng Corp., 944 
Curtis Refrigerating Machine Co , 
Div. of Curtis Mfg. Co,, 968 
DeBothezat Division American 
Machine & Metals, Inc., 983 
La-Del Conveyor & Mfg. Co., 986- 
987 

Lau Blower Company, 988 
Mario Coil Company, 970 
Morrison Products, Inc., 989 
Herman Nelson Corp., 928-929 
New York Blower Co., 990 

B. F, Sturtevant Co., 995-997 
Utility Fan Corporation, 998 
L. J. Wing Mfg. Co., 934-936 

BLOWERS, Heating and Venti- 
lating 

Air Controls, Inc., 976 
American Blower Corp., 884-885 
American Coolair Corp., 978-979 
American Foundry & Furnace Co., 
900-901 

Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Campbell Heating Co., 904-905 
E. K. Campbell Heating Co., 903 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
W. B. Connor Engineering Corp., 
942-943, 1004 

DeBothezat Division American 
Machine & Metals, Inc., 983 

C. A. Dunham Co., 1048-1050 
Hastings Air Conditioning Co., 891 
Ilg Electric Ventilating Co., 919, 

984-986 

Insul-Wool Insulating Corp., 1145 
La-Del Conveyor & Mfg. Co., 986- 
987 

Lau Blower Co., 988 
McQuay Incorporated, 924-925 
Morrison Products, Inc., 989 
L. J. Mueller Furnace Co., 908-909 
Herman Nelson Corp., 928-929 
J. J. Nesbitt, Inc., 930 
New York Blower Co., 990 
Niagara Blower Co., 894 
Propellair, Inc., 991 
B. F. Sturtevant Co„ 995-997 
Tonington Mfg. Co., 992-994 
Trane Company, The, 932-933 
United States Air Conditioning 
Corp., 898 

Utility Fan Corporation, 998 
L. J. Wing Mfg. Co., 934-936 

BLOWER HOUSINGS 
Air Controls, Inc., 976 ^ 

Hastings Air Conditioning Co., 891 
Kramer Trenton Co., 920-921 
Lau Blower Co„ 988 
Morrison Products, Inc., 989 
B, F. Sturtevant Co., 995-997 
Torrington Mfg. Co., 992-994 

BLOWER MOTORS (See Motors, 
Electric) 

BLOWERS, Pressure 
American Blower Corp., 884-885 
American Coolair Corp., 978-979 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Bayley Blower Company, 980 
Buffalo Forge Coinp^y, 981 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 


DeBothezat Division American 
Machine & Metals, Inc , 983 
Ilg Electnc Ventilating Co., 919, 

Q Q/I QQg 

Lau Blower Co., 988 
Martocello, Jos A, & Co , 960 
Nash Engineering Co., 1106-1107 
Herman Nelson Corp., 928-929 
New York Blower Co., 990 
B. F. Sturtevant Co., 995-997 
Utility Fan Corporation, 998 
L. J. Wing Mfg. Co.. 934-936 

BLOWERS, Turbine 
Coppus Engineering Corp.. 944 
General Electric Co , 892-893, 1000- 
1001 

B. F. Sturtevant Co., 995-997 
L. J. Wing Mfg. Co., 934-936 

BLOWERS, Warm Air Furnace 
American Blower Corp., 884-885 
Araencan Coolair Corp., 978-979 
Amencan Foundry & Furnace Co., 
900-901 

Amencan Radiator & Standard 
Sanitary Corp., 1072-1073 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Buffalo Forge Company. 981 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
DeBothezat Division American 
Machine & Metals, Inc., 983 
General Electric Company, 892- 
893, 1000-1001 

Hastings Air Conditiomng Co., 891 
La-Del Conveyor & Mfg. Co., 986- 
987 

Lau Blower Co., 988 
Morrison Products, Inc., 989 
L. J. Mueller Furnace Company, 
908-909 

New York Blower Co., 990 
Torrington Mfg. Co., 992-994 
Trane Company, The, 932-933 
United States Air Conditioning 
Corp., 898 

L. J. Wing Mfg. Co., 934-936 
BOILER-BURNER 
Airtemp Div., Chrysler Corp., 906- 
907 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Carrier Corporation, 888-889 
Crane Co., 1076-1077 
G^ Wood Industries, Inc., 912 
General Electric Co., 892-893, 1000- 
1001 

National Radiator Co., 1086-1087 
Herman Ndson Corp., 928-929 
International Boiler Works Co., 
1081 

Webster Engineering Co., 1101 

BOILER COMPOUNDS (SeeCont^ 
pounds. Boiler) 

BOILER COVERING (See Cover- 
ing, Pipe and Surfaces) 

BOILER FEED PUMPS (See 
Pumps, BoUer Peed) 

BOILER FEEDERS (See Feeders, 
Botler) 

boiler water field KIT, 

for Testing and Treating 
VInco Company, 1068-1069 
boiler water TREATMENT 

Cochrane Corp., 1110 
R^arch Products Corp., 949 
Vinco Company, Inc., 1068-1069 


BOILERS, Cast-Iron 

Airtemp Div. Chrysler Corp., 906- 
907 

American Radiator & Standard 
Samtary Corp., 1072-1073 
Bryant Heater Co , 902 
Burnham Boiler Corp , 1075 
Crane Company, 1076-1077 
L. J. Mueller Furnace Co., 908-909 
H. B. Smith Co., Inc., 1090 
National Radiator Co., 1086-1087 
Spencer Heater Division, 1088-1089 
United States Radiator Corp., 1092- 
1093 

Weil-McLain Company, 1094 

BOILERS, Down Draft 

Brownell Company, 1095 
Farrar & Trefts, 1080 
Fitzgibbons Boiler Co., 1078-1079 
Gar Wood Industries, Inc , 912 
International Boiler Works Co., 
1081 

Kewanee Boiler Corp , 1082-1085 
National Radiator Co., 1086-1087 
Pacific Steel Boiler Div., U, S- 
Radiator Corp., 1091 
H. B. Smith Co., Inc., 1090 

BOILERS, Forced 
Recirculation — Oil Burning 

Airtemp Div., Chrysler Corp., 906- 
907 

International Boiler Works Co., 
1081 

National Radiator Co., 1086-1087 

BOILERS, Gas Burning 

Airtemp Div., Chrysler Coip., 906- 
907 

American Radiator & Standard 
Samtary Corp., 1072-1073 
Brownell Company, 1095 
Bryant Heater Co., 902 
Burnham Boiler Corp., 1075 
Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1050 
ntzgibbons Boiler Co., 1078-1079 
General Electnc Company, 892- 
893, 1000-1001 

International Boiler Works Co., 
1081 

KeTmnee Boiler Corp., 1082-1085 
L. J. Mueller Furnace Co., 908-909 
National Radiator Co., 10^1087 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910-911 
Pacific Boiler Div., U. S. 

Radiator Corp., 1091 
H. B. Smith Co.. Inc., 1090 
Spencer Heater Division, 1088-1089 
United States Radiator Corp., 1092- 
1093 

BOILERS, Heating 

Airtemp Div., Chrysler Corp., 906- 
907 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Brownell Company, 1095 
Bryant Heater Co., 902 
Burnham Boiler Corp., 1075 
E. K, CampbeU Heating Co., 903 
Carrier Corporation, 888-889 
Crane Company, 1076-1077 
Farrar & Trefts, Inc., 1080 
, Fitzgibbons BoUer Co., Inc.^ 1078- 
1079 

Gar Wood Industries, 912 
General Electric Company, 892- 
893, 1000-1001 
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International Boiler Works Co.. 
1081 

Kewanee Boiler Corp., 1082-1085 
L. J. Mueller Furnace Co., 908-909 
National Radiator Co., 1080-1087 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910-91 1 
Paatic Steel Boiler Div., U. S. 

Radiator Corp., 1091 
H, B. Smith Co., Inc., 1090 
Spencer Heater Division, 1088-1089 
United States Radiator Corp., 1092- 
1093 

Weil-McLain Company, 1094 
BOILERS, Magazine Feed 
Burnham Boiler Corp., 1075 
Spencer Heater Division, I088-10S9 
Weil-McLain Company, 1094 

BOILERS, Oil Burning 
Airtemp Div., Chrysler Corp., 906- 
907 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Brownell Company, The. 1095 
Burnham Boiler Corp., 1075 
Crane Company, 1076-1077 
Farrar & Trcfts, Inc., 1080 
Fitzgibbons Boiler Ca, Inc., 1078- 
1079 

Gar Wood Industries, Inc., 912 
General Electric Company, 892- 
893, 1000-1001 

International Boiler Works Co., 
1081 

Kewanee Boiler Corp., 1082-1085 
L. J. Mueller Furnace Co., 908-909 
National Ra^ator Co., 108^1087 
Herman Nelson Corp., 928-929 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910-911 
Pacific St^ Boiler Div., U. S, 
Radiator Corp., 1091 
H. B. Smith Co., Inc., 1090 
Spencer Heater Division, 1088-1089 
United States Radiator Corp., 1092- 
1093 

Weil-McLain Company, 1094 

BOILERS, Steel 
Babcock & Wilcox Co., 1074 
Bro^Jvnell Company, The, 1095 
Burnham Boiler Corp., 1075 
E. K. Campb^ Heating Co., 903 
Combustion Engineering Co., 1100 
Farrar & Trefts, Inc., 1080 
Fitzgibbons Boiler Co., Inc., 1078- 
1079 

Gar Wood Industnes, 912 
International Boiler Works Co., 
1081 

Kewanee Boiler Corp., 1082-1085 
National Radiator Co., 1086-1087 
Pacific Steel Bc^er Div., U. S. 

Radiator Corp., 1091 
Spencer Heater Division, 1088-1089 

BOILERS, Water Tube 
Babcock & Wilcox Co., 1074 
Combustion Engineering Co.» 1100 
Fitzgibbons Boiler Co., 1078-1079 
Frick Company, 969 
International Boiler Works Co., 
1081 

National Radiator Co., 1086-1087 
H, B. Smith Co., Inc., 1090 
Spencer Heater Division, 1088-1089 

BREECHINGS AND 
CHIMNEYS 
Bethlehem Steel Co., 1016 
Farrar & Trefts, 1080 


International Boiler Works Co., 
1081 

Kewanee Boiler Corp., 10S2-10S5 
Pacific Steel Boiler Div., U. S. 
Radiator Corp., 1091 

BURNERS, Automatic (5^r also 
Coal Burners^ Stokers) 

American Radiator & Standaid 
Sanitary Corp., 1072-1073 
Crane Company, 107G-1077 
Combustion Engineering Co , 1 100 
Detroit Stoker Company, 1090- 
1097 

Gar Wood Industries, Inc., 912 
General Electnc Company, 892- 
893, 1000-1001 

Iron Fireman Mfg. Co., 1098-1099 
Herman Nelson Corp., 928-929 
Spencer Heater Division, lOSS-1089 
Webster Engineering Co., 1101 

BURNERS, Combination Gas 
and Oil 

Babcock 8c Wilcox Co., 1074 
Combustion Engineenng Co., 1100 
Coppus Engineering Co., 944 
Todd Combustion Equipment, Inc., 
1103 

Webster Engineering Co., 1101 
BURNERS, Gas (See Gas Burners) 
BURNERS, OU (See OU Burners) 

CALKING, Building 
Johns-Manville, 1148-1149 
Kimberly-Clark Corp., 1150-1151 

CASTINGS, Bronze andlDairy 
Ni^el ^ver Metal 
Grinnell Co., Inc., 1066-1067, 1111 
Arthur Harris & Co., 1124 
D. J. Murray Mfg. Company, 923 

CELLULAR GLASS (See Glass, 
Cellular) 

CEMENT, Asbestos 
Carey, Philip, Co., 1142 
Johns-Manville, 1148-1149 
Mundet Cork Corp., 1153 
Ruberoid Co., The, 1156-1157 
United States Register Co., 1011 

CEMENT, Insulating 
Carey, Philip, Co., 1142 
Eagle-Picher Lead Co., 1144 
Johns-Manville, 1148-1149 
Mundet Cork Coip., 1153 
Owens-Coming Flber^as Corp., 
950-961 

Ruberoid Co., The, 1166-1157 
United States Register Co., 1011 
Universal Zonolite Insulation Co., 
1139 

CEMENT, Refractory (See Re- 
fractories) 

CEMENT, Mineral Wool 
Carey, Philip, Co., 1142 
Eagle-Picher Lead Co., 1144 
Johns-Manville, 1148-1149 
Mundet Cork Corp., 1153 
Ruberoid Co„ The, 1166-1157 

CEMENT, VennicuUte 
Universal Zonolite Insulation Co., 


CHAIN, Furnace Pulleys (See 
also PtUleys, Cham) 
Barber-Colman Co., 1003, 1021 


Hart & Cooley Alanufacturing Co., 
1000-1007 

Hendrick Mfg Co., 1008 
Independent Register Co„ 1009 
L. J. Mueller Furnace Co., 908-909 
Trane Company, The, 932-933 
Tuttle & Bailey, Inc , 1012-1013 
United States Register Co., 10 U 

CIRCULATORS, Hot Water 
Heating 

Bell and Gossett Co., 1046-1047 
Crane Company, 1076-1077 
General Electric Company, 892- 
893, 1000-1001 

Taco Heaters, Inc., 1058-1059 
H. A. Thrush & Co., 1060-1061 
Trane Company, 932-933 
United States Radiator Corp., 1092- 
1093 

GLEANERS, Air (See Air Cleaning 
Equipment) 

COILS, Aluminum 
Aerofin Corporation, 962-964 
Baker Ice Machine Co., 966 
Arthur Harris & Co., 11!^ 

Kramer Trenton Co., 920-921 
McQuay, Incorporated, 924-925 
D. J. Murray Mfg. Company, 923 
J. J. Nesbitt, Inc., 930 
Refrigeration Economics Co., 931 

B. F. Sturtevant Co., 995-997 
Trane Company, The, 932-933 
Young Radiator Company, 937 

COILS, Ammonia 

Aerofin Corporation, 962-964 
Baker Ice Machine Co., 966 
Carrier Corporation, 8^889 
Crane Company, 1076-1077 
Frick Company, 969 
G & O Manufacturing Co., 965 
Sam Kennard, Inc., 922 
Kramer Trenton Co., 920-921 
Mario Coil Company, 970 
McQuay, Incorporated, 924-926 
Refrigeration Eronomics Co., 931 
Trane Company, 932-933 
Vilter Manufacturing Co., 973 
Worthington Pump & Machinery 
Corp., 974-975 
Yam^-Waring Co., 1116 
Young Radiator Company, 937 

COILS, Blast 
Aerofin Corporation, 962-964 
Amencan Blower Corp., 884-885 
American Radiator & Standard 
Samtary Corp., 1072-1073 
Autovent Fan & Blower Co„ Div., 
Herman Nelson Corp., 929 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
E. K. Campbell Heating Co., 903 
Carrier Corporation, 888-889 
Clarage Fan Company, 890 

C. A. Dunham Co., 1048-1050 
Electric Air Heater Div. of Ameri- 
can Foundry Equipment Co„ 915 

Fedders Manufacturing Co., 918 
G & 0 Manufacturing Co., 965 
General Electric Company, 892- 
803, 1000-1001 
Sam Kennard, Inc., 922 
Kramer Trenton Co., 920-921 
McQuay, Incorporated. 924-925 
Modme Mfg. Co., 926-927 

D. J* Murray Mfg. Company, 923 
John J. Nesbitt, Inc., 930 

New York Blower Co., 990 
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Niagara Blower Co., 894 
Refngeration Economics Co., 931 
B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 
United States Air Conditioning 
Corp., 898 

Young Radiator Co., 937 
COILS, Brass 
Aerofin Corporation, 962-964 
American Brass Co„ 1126-1127 


COILS, Pipe and Tube, Non- GOMPOUNBS, Boiler and Radi- 


Ferrous 

Aerofin Corporation. 962-964 


ator Sealing 

Dole \’alve Company, 1120 


Amencan Brass Company, 1126- Johna-Manville, 1148-1149 


1127 

Fedders Manufacturing Co., 918 
Arthur Harris & Co., 1124 
Kramer Tienton Co., 920-921 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 


United States Radiator Corp., 1092- 
1093 

Vinco Co.. Inc., 1068-1069 
COMPOUNDS, Cleaning 
DollinL,er Corp. (Staynew), 946-947 


E B . 92C- Umtcd States Radiator Corp.. 1092- 


Carrier Corporation, 888-889 
Crane Company, 1076-1077 


Mueller Brass Co., 1128-1129 


Gnnnell Co., Jnc., 1066-1067, 1111 J- J- Nesbitt, Inc., 930 


Arthur Hams & Co., 1124 
jMcQuay, Incorporated, 924-925 
Revere Copper & Brass, Inc., 1130 
B F Sturtevant Co., 995-997 
COILS, Cooling 
Aerofin Corporation, 962-964 
Baker Ice Machine Co., 966 
Bell & Gossett Co., 1046-1047 
Gamer Corporation, 888-889 
Crane Company, 1076-1077 


1093 

Vinco Co.. Inc., 1068-1069 
COMPOUNDS, Soot Destroyer 


Revere Copper & Brass, Inc., 1130 

Wolverine Tube Div., Calumet and Inc., 1068-1069 

Hecla Consolidated Copper Co.. COMPRESSORS, Air 


Curtis Refrigerating Machine Co., pn^k Company.* 969 
Division of Curtis Mfg. Co.. 968 Grinnell Co., Inc., 1066-1067, 1111 


Fedders Manufacturing Co., 918 
Fnck Company, 969 
G & O Manufacturing Co., 965 
General Electric Company, 892- 
893. 1000-1001 
Arthur Harris & Co., 1124 
Insul-Wool Insulation Corp., 1145 
Sam Kennard, Inc., 922 
Kramer Trenton Co., 920-921 
Mario Coil Company, 970 


Modine Manufacturing Co., 926- Arthur Hams & Co., 1124 


McQuay, Incorporated, 924-925 
D. J. Murray Mfg. Co., 923 
J. J. Nesbitt, Inc., 930 
Niagara Blower Co., 894 
Refngeration Economics Co., 931 
B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 


Baker Ice Machine Co., 966 

COILS Pioe Iron Brunner Manufacturing Co , 967 

. t’ J * • T « nfii W. B. Connor Engineering Corp., 

Acme Industnes. Inc., 961 942-943 1004 

Baker Machine Co., Inc , 966 Curtis Re’fngerating Machine Co., 
rf/ifJ. Curtis Mfg. Co.. 968 

General Electno Company. 892- 
Crane Company, 1O7O-1077 gg3 lOOO-lOOl 

1 1 n Engineering Co , 1 106-1107 

n Powers Regulator Co.. 1040 

Sturtevant Co., 995-997 

Kramer Trent^ Co., 92^921 Worthington Pump and Machinery 
Mario Coil Company, 970 q74_a75 

Refngeration Economics Co., 931 yr. 

Vilter Manufacturing Co., 973 COMPRESSOR MOTORS (See 

Worthington Pump & Machinery Motors, Eledric) 

, Co 974-975 COMPRESSORS, Refrigeration 

York Corporauon. 899 

COILS, Stainless Steel 907 

Arthur Hams & Co.. 1124 Baker Ice Mai^ne Co., 966 

McQuay, Inc., 924-925 Brunner Manufactunng Co.. 067 

^ ^ Garner Corporation, 888-889 

COILS, Tank Curtis Refngerating Machine Co., 

American Distnct Steam Co.. 1118, ^ Divi^on CurUs Mfg. Co., 968 
1136 . Fnck Company, 909 

American Radiator & Standard General ElecjWc Company, 892- 


Arthur Harris & Co., 1124 
Kramer Trenton Co., 920-921 
Mario Coil Company, 970 
Refngeration Economics Co., 931 
Vilter Manufacturing Co., 973 
Worthington Pump & Machinery 
Co , 974-975 
York Corporation, 899 

COILS, Stainless Steel 


McQuay, Inc., 924-925 
COILS, Tank 

American Distnct Steam Co., 1118, 
1136 


Sanitary Corp., 1072-1073 
Baker Ice Machine Co., 966 


United States Air Conditioning Bell and Gossett Co., 1046-1047 


Corp., 898 

Vilter Manufactunng Co., 973 


Clarage Fan Company, 890 
Crane Company, 1076-1077 


Westinghouse Electnc Elevator Frfck Company, Inc., 969 
Co., 896-897 , Arthur Hams & Co., 1124 

Worthington Pump & Machinery Kewanee Boiler Corp., 1082-1085 


Corp., 974-975 

Young Radiator Company, 937 


Kramer Trenton Co., 920-921 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 
Rdrigeration Economics Co., 931 
Taco Heaters, Inc., 1058-1050 
Vilter Manufactunng Co , 973 


COILS Pipe. Copp^ KIStionlS:SSrc 

Aerofin Co^rafion. Taco Heaters, Inc.. lOS 

itoencan Co., 1126-1127 mer Manufactunng ( 
Amenom ^cfiatorS Standard York Corporation. 896 
Samtary Corp,, 1072-1073 

E, B. Badger & Son Co„ 1116-1117 COLUMNS, Water 

Baker Ice Machine Co , Inc , 966 rrtmnnTiv to 

lM&.t cS‘^^^1047 &CoSpX^r67“ 


Brownell Company, 1095 Airtemp Div.. Chrysler Corp 

Crane Company, 1076-1077 907 

Detroit Lubneator Co., 948, 1022- Baker Ice Machine Co., 966 


893. 1000-1001 
Servel, Inc., 971 
Trane Company, 982-933 
Universal Cooler Corp., 972 
Vilter Manufacturing Co., 973 
Westinghouse Electric Elevator 
Co , 896-897 

Worthington Pump Sc Machinery 
Corp., 974-975 
York Corporation, 899 

COMPRESSOR TUBING, Flex- 
ible (See Tubing, Flexible Metals 
ho) 

CONDENSERS 
Acme Industnes, Inc , 961 
Aerofin Corporation, 962-964 
Airtemp Div., Chrysler Corp., 906- 
907 


Haley & Muelte. Inc,., 1112 


COMBUSTION CHAMBERS 
Babcock & Wilcox Co , 1074 
Combustion Engineering Co„ 1100 
Dravo Corporation, 916-917 


Division of Curtis Mfg. Co., 968 S^ieditv 

Fri^*Com^“969“® wSSvAulto C^pan?, 1114 

gSmS C?“nc.?1066-1007. 1111 Yarnall-Wanng Company, 1115 

&^=^to^'£“<;:.VIt 921 COMBUSTnON CHAl 

Mario CoU Company, 970 Babcock & Wilcox Co , V 

Modine Manufacturing Company, Combustion En^e^mg 
926-927 Dravo Corporation, 916- 

McQuay. Incorporated, 924-925 Universal Zonohte Insul 

Mueller Brass Co., 1128-1129 1139 

Rdri^mttion Economics Co., 931 Aspha 

Revere Copper & Brass, Inc., 1130 Conduits 
Wolverine Tube Div., Calumet and Ruberoid Co., 1156-1157 
H^a Consolidated Copper Co., -compounds, BoUer 
Young Radiator Company, 937 Vinco Co., Inc., 1068-106 


1023 Brunner Manufacturing Co., 967 

Kieley & Mueller, Inc , 1112 Carrier Corporation, 8^889 

Mueller Steam Speaalty Co., 1113 Curtis Refngerating Machine Co., 


Div., Curtis Mfg. Co., 968 
Fedders Manufactunng Co., 918 
Fnck Company, 969 
G & O Manufactunng Co., 965 
General Electric Company, 892- 
893, 1000-1001 

Kramer Trenton Co., 920-921 


Universal Zonohte Insulation Co„ Mario Coil Company, 970^ 


COMPOUNDS, Asphalt, for 
Conduits 


McQuay, Incorporatdi, 924-925 
Modine Mfg. Co., 926-927 
D. J. Murray Mfg. Company, 923 
Niagara Blower Co., 894 
Refrigeration Economics Co., 931 
Servel, Inc., 971 
B, F. Sturtevant Co., 995-997 
Trane Company, 932-933 


Radiator Company, 937 Vinco Co., Inc., 1068-1069 Trane Company, 942-9<fd 

Numerals following Manufacturers* Names refer to pages in the Catalog Data Section 
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Universal Cooler Corp , 972 Penn Electric Switch Co., 1039 

Vilter Manufactunng Co , 973 Spence Engineenng Co., 1041 
Westinghouse Electric Elevator Webster Engineering Co , 1101 
Co., 896-897 White- Rodgers Elec, Co., 1044 

Worthington Pump & Machinery L. J. Wing Mfg. Co., 934-936 
Co.. 974-975 


York Corporation, 899 
Young Radiator Company, 937 

CONDUIT, Flexible Metallic 


Clarage Fan Company, 890 
Curtis Refrigerating Machine Co., 
908 

DcBothezat Division, American 
Machine & Metals, Inc., 983 
C. A. Dunham Co., 1048-1050 
Fedders Manufacturing Co, 918 


TOOL equipment (See dso Fitzgibbons Boiler Co., 1078-1079 
Humidity and Temterature Con- Fnck Company, 969 


irol) 


American Brass Company, 1126- Alco Valve Company, 1019 


1127 

Trane Company, 932-933 


American Moistening Co., 955 


G & O Manufactunng Co., 965 
General Electnc Company, 892- 
893, 1000-1001 


CWDUITS. U^dersroimd Ht- Ba&?lm^Co!f]oOWg21 


American Radiator & Standard Hg Electric Ventilating Co , 919, 

984-985 

La-Del Conveyor & Mfg. Co., 986- 


Detroit Lubricator Co., 948. 1022- 
1023 

C. A. Dunham Co., 1048-1050 


987 

Lau Blower Co., 988 
Sam Kennard, Inc , 922 
Kramer Trenton Co , 920-921 
Mario Coil Company, 970 


American District Steam Co., 1118, 

1136 

E. B Badger & Sons Co , 1116-1117 Fulton Sylphon Co., 1024-1025 

General Electric Company, 892- General Controls. 1026-1027 

, «« General Electnc Company. 892- McQuay, Incorporated, 924-925 

H. W. Porter & Co., 1137 893 , lOOO-lOOl Modine Mfg. Co., 926-927 

Ric-wiL Company, The, 1138 Hoffman Specialty Co., Inc., 1052- D. J. Murray Mfg. Co., 923 

CONDUrre, Undergro^ Kpe nUnofs Engineering Co., 1054-1055 H^m^&n c;,S%28-929 
Amencan District Steam Co., 1118, iihnois Testing Laboratones, Inc., Niagara Blower Co., 894 
1136 1029 ’ 

Amencan Rolling Mill Co„ 1015 Johnson Service Co., 1030-1031 
E. B. Badger & Sons Co.. 1116-1117 Kheley & Mueller, Inc., 1112 
Carey, PhiUp, Co., 1142 Leeda & Northrup Co., 1032 

Johns-MMville, 1148-1149 Manning, Maxwell & Moore, Inc., 

Jones & Laughhn Steel Corp., lOU i033 
H.. W. Porter & Co.,_l 137 Mercoid Corporation, 1036 


Ric-wiL Company, The, 1138 

CONNECTIONS, Flexible 
Gharging 

Henry Valve Company, 1028 


Servel, Inc., 971 
B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 
United States Air Conditioning 
Corp., 898 

Universal Cooler Corp., 972 
Utility Fan Corporation, 


Minneapolis-Honeywell Regulator Vilter Manufacturing Co., 973 

Westinghouse Electric Elevator 

Co , 896-897 

L. J. Wmg Mfg. Co., 934-936 
Worthington Pump & Machinery 
Corp., 974-975 
York Corporation, 899 


Co.. 1034-1035 

Parks-Cramer Company, 895 
Penn Electnc Switch Co., 1039 
Powers Regulator Co., 1040 

A Sarco Company, Inc., 1056-1057 

CONTROL, Air Volume Damper gpence Engineering Co.. 1041 

Anemoatat Corp, of America, 1002 Taylor Instrument Companies, 1042 Young Radiator Company, 937 
Barber-Colman Co., 1003, 1021 Warren Webster & Co., 1062-1065 
W. B. Connor Engineering Corp., Webster Engineering Co., 1101 COOLING EQUIPMENT, Oil 
942-943. 1004 White-Rodgers Elec, Co., 1044 Airtemp Div„ Chrysler Corp,, 906- 

Fultos Sylphon Co., 1024-1025 Young !l^(riator Co., 937 907 

General Controls, 1026-1027 Bell and Gossett Co., 1046-1047 

Hart & Cooley Mfg. Co., 1006-1007 CONVECTION HEATERS Carrier Corporation, 888-889 

American Radiator„Jk Standard ‘ 


Independent Register Co., 1009 
Johnson Service Co., 1030-1031 


Sanitary Corp., 1072-1073 


jonnson rjervice <.- 0 ., lusu-iusi rraoA romnanv in 7 fi-invV 
j^mneaiwJis-Hpneywell Regulator c. A. Dunhim ^^flOmOSO 


Co., 1034-1035 
Register & Grille Mfg. Co., 1110 
Tuttle & Bailey, Inc., 1012-1013 
United States Register Co.,|1011 


G & 0 Manufacturing Co., 965 
General Electric Company, 892- 
893, 1000-1001 


Kramer Trenton Co., 920-921 
McQuay, Incorporate, 924-925 
Modine Mfg. Co., 926-927 

COWraOL, BoUer.Water Level 
Crane Company, 1076-1077 
General Control^ 1026-10^ 


GrinneU Co„ Int.-lOee-lOe?. 1111 

^ _* Mario Coil Company, 970 

McQuay, Incorporated, 924-925 
M^ne Manufacturing Co., 926- 

D. J. Murray M^. Co., 923 


Kieley & Mueller, Inc., 1112 
Leeds & Northrup Co., 1032 
McDoimell & Miller, 1070-1071 
Mercoid Corporation, 1036 
Mueli^ Steam Speci?dty Co., 1113 Warren Webster & Co., 1062-1065 
Penn Electnc Switch Co., 1039 Weil-McLain Company, 1094 
Sarco Company, Inc,j^ 1056-1057 L. J. Wmg Mfg. Co.. 934-936 


Niagara Blower Co., 894 
Refrigeration Economics Co., 931 


John J. Nesbitt, Ina, S 
Trane Company, 932-933 
Tuttle & Bailey, Inc., 1012-1013 
United States Air Conditioning Inc., 971 

Corp., 898 Company, 932-933 

United SUtes Radiator Corp., 1092- 
1093 Worthington Pump & Machinery 


Co., 974-976 
York Corporation, 899 
Young Radiator Company, 937 

COOLING EQUIPMENT, Water 
(See also Water Cooling) 

Acme Industries. Inc., 961 
Airtop Div., Chrysler Corp., 906- 

... 

Fulton Sylphon Co., 1024-1025 American Blower Corp., 884-885 aat 


Spence Engineering Co., 1041 
Warren Webster 3: Co., 1062-1065 
Wright-Anstin Co., 1114 

CONTROL EQUIPMENT, 
Combustion 
Bryant Heater Co..|902 


Young Radiator Co.. 937 

COOLING EQUIPMENT. Air 
Acme Industries, Inc., 961 
Aerofin Corporation, 962-964 
Air Control, Inc., 976 


Johnson Service Co., 1030-1031 
Leeds & Northrup Co-, 1032 
Mercoid Corporation, 1036 


Baker Ice Machine Co., Inc., 966 
Brunner Manufacturing Co., 967 
Buffalo Forge Company, 981 


XmT jDuuaio rorge v-ompany, 981 

Minneap<^s-Honeywell Regulator Carrier Corporation, 888-889 
Co,, 1034-1035 Champion Blower & Forge Co., 982 


Gamer Corporation, 888-889 
Fedders Manufacturing Co., 9X8 
Frick Company, 969 
General Electric Company, 892- 
893.1000-1001 
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Kramer Trenton Co„ 920-921 
Lilie-Hoffmann Cooling Towers, 
Inc., 957 

Marley Co , The, 958 
McQuay, Incorporated, 924-925 
Modine Mfg. Co., 926-927 
D. J. Murray Mfg. Company, 923 
J. J. Nesbitt, Inc., 930 
Niagara Blower Co., 894 
Refngeration Economics Co., 931 
Servel, Inc,, 971 
B. F, Sturtevant Co., 995-997 
Trane Company, The, 932-933 
Universal Cooler Corp , 972 
Viiter Manufacturing Co , 973 
Water Cooling Equipment Corp , 
959 

Westinghouse Electric Elevator Co , 
896-897 

Worthington Pump & Machinery 
Corp., 974-975 
Yarnall-Waring Co., 1115 
York Corporation, 899 
Young Radiator Company, 937 

COOLING TOWERS, Atmos- 
pheric, Mechanical Draft, 
Forced Draft, Induced Draft 
(See also Coding Equipment, 
Water) 

American Blower Corp., 884-885 
Baker Ice Machine Co., 966 
Buffalo Forge Company, 981 
Curtis Refrigerating Machine Co., 
968 

lilie-Hoffmann Cooling Towers, 
Inc., 957 

Marley Company, 958 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 
B. F. Sturtevant Co., 995-997 
Water Cooling Equipment Corp., 
959 

Worthington Pump & Machinery 
Corp., 974-975 
York Corporation, 899 
Young Radiator Company, 937 

COOLING TOWER FANS 
American Blower Corp., 884-885 
Amencan Coolair Corp., 978-979 
Baker Ice Machine Co., 966 
Buffalo Forge Company, 981 
DeBothezat Division, American 
Machine & Metals, Inc., 983 
La-Del Conveyor & Mfg. Co., 986- 
987 

Lilie-Hoffmann Cooling Towers, 
Inc., 957 

Marley Company, 958 
Mario Coil Company, 970 
McQuay, Incorporated, 924^925 
Propellair, Inc., 991 
B. F. Sturtevant Co., 995-997 
Water Cooling Equipment Corp , 
959 

CORROSION, Treatment of 
Cochrane Corporation, 1110 
Research Products Corp., 949 
Vmco Company, Inc., 1068-1069 

COVERING, Pipe 
Alfol Insulation Co., 1140 
Armstrong Cork Company, 1141 
Baker Ice Machine Co., 966 
Carey, PhiUp, Co., 1142 
Eagle-Picher Lead Co., 1144 
GrinneU Co., Inc., 1066-1067, 1111 
Johns-ManvUle, 1148-1149 
Lockport Cotton Batting Co., 1152 
Mundet Cork Corp., 1153 
Owens-Cormng Fiberglas Corp., 
950-951 

Numerals following Mam 


Pacific Lumber Co., 1154 
H. W. Porter & Co.. 1137 
Ric-wiL Company. The. 1138 
Ruberoid Company, The, 1156-1157 
United States Gypsum Co., 116S- 
1159 

COVERING, Surfaces 
Alfol Insulation Co., 1140 
Armstrong Cork Company, 1141 
Baker Ice Machine Co., 966 
Carey, Philip, Co , 1142 
Eagle-Picher Lead Co., 1144 
Johns-ManviUe. 1148-1149 
Libby-Owens-Ford Glass Co , 1135 
Mundet Cork Corp., 1153 
Owens-Cormng Fiberglas Corp., 
950-951 

Paafic Lumber Co., 1154 
Reynolds Metals Co., Inc., 1155 
Ruberoid Co., The., 1156-1157 
United States GsTpsum Co., 1158- 
1159 

Wood Conversion Company, 1160 

CUT-OFFS, Low Water 
Detroit Lubricator Co., 948, 1022- 
1023 

General Controls, 1026-1027 
McDonnell & Miller, 1070-1071 
Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1036 

Penn Electric Switch Co., 1039 
Wright-Austin Co., 1114 

DAMPER REGULATORS. BoUer 
(See also Regulators) 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Barber-Caiman Co., 1003, 1021 
Barnes & Jones, Inc , 1045 
Detroit Lubricator Co , 948, 1022- 
1023 

C. A, Dunham Co., 1048-1060 
Fulton Sylphon Co , 1024-1025 
General Controls, 1026-1027 
Illinois Engineering Co., 1054-1055 
IDdey & Mueller, Inc., 1112 
Leeds & Northrup Co , 1032 
Mumeapolis-Honeywell Regulator 
Co„ 1034-1035 

Penn Electric Switch Co., 1039 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 
Spence Engineering Co., 1041 
Taylor Instrument Companies, 1042 
H. A. Thrush & Co., 1060-1061 
Trane Company, 932-933 
United States Radiator Corp., 1092- 
1093 

Warren Webster & Co.. 1062-1065 
Webster Engineering Co., 1101 

DAMPER REGULATORS, 
Furnace 

Automatic Products Corp., 1020 
Barber- Colman Co., 1003, 1021 
Detroit Lubricator Co., 948, 1022- 
1023 

Fulton Sylphon Co., 1024-1025 
General Controls, 1026-1027 
Hart & Cooley Mfg. Co., 1006-1007 
Iron Fireman Mfg. Co., 1098-1099 
Kieley & Mueller, Inc., 1112 
Leeds & Northrup Co.. 1032 
Manmng, Maxwdl & Moore, Inc., 
1033 

Minneapolis-Hoiteywell Regulator 
Co., 1034-1035 

Penn Electric Switch Co., 1039 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 

facturers* Names refer to pagea 1 


Tuttle & Bailey, Inc.. 1012-1013 
United States Register Co., 1011 
Webster Engineenng Co., 1101 
Whitc-Rodgers Electric Co., 1044 

DAMPERS, Air Volume Control 
Allen Corporation, 977 
Amencan Foundry & Furnace Co., 
900-901 

Anemostat Corp. of America, 1002 
Bahnson Company, 886-887 
Barber-Colman Co., 1003, 1021 
Champion Blower & Forge Co., 982 
W. B. Connor Engineering Corp,, 
942-943, 1004 

Hart & Cooley Mfg. Co„ 1006-1007 
Hendnck Mfg. Co., 1008 
Independent Register Co., 1009 
Johnson Service Company, 1030- 
1031 

Minneapohs-Honeywell Regulator 
Co . 1034-1035 

Register & Grille Mfg. Co., 1010 
Spence Engineenng Co., 1041 
TutUe & Bailey, Inc., 1012-1013 
United States Register Co., 1011 
Young Regulator Co., 1014 

DAMPERS, Flue 

United States Register Co., 1011 

Tuttle & Bailey, Inc., 1012-1013 

DAMPERS, Mechanical 
Allen Corporation, 977 
American Foundry & Furnace Co., 
900-901 

Barber-Colman Co., 1003, 1021 
Buffalo Forge Company, 981 
Clarage Fan Company, 890 
Fulton Sylphon Co., 1024-1025 
Hart & Cooley Mfg. Co., 1006-1007 
Johnson Service Co., 1030-1031 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 
Powers Regulator Co., 1040 
Unit^ States Register Co., 1011 
Young Regulator Co., 1014 

DAMPERS. Back Draft (See 
Dampers^ Air Vdume Control) 

DEHUMIDIFIERS 
Air & Refrigeration Corp., 883 
American Blower Corp., 884-885 
Bahnson Company, 886-887 
Bayley Blower Company, 980 
Bryant Heater Co., 902 
Buffalo Forge Company. 981 
Gamer Corporation, 888-889 
Clarage Fan Company, 890 
General Electric Company, 892- 
893, 1000-1001 

GrinneU Co., Inc, 1066-1067. 1111 
McQuay, Incorporated, 924-925 
J. J. Nesbitt, Inc, 930 
Niagara Blower Co., 894 
Parka*Cramer Co., 895 
Refrigeration Economics Co., 931 
Research Products Corp., 949 
H. J. Somers, Inc., 952 
B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 
Umted States Air Conditioning 
Corp., 898 

Worthington Pump & Machinery 
Corp., 974-976 
York Corporation, 899 

DEHYDRATORS, Refrigerant 
Automatic Products Corp., 1020 
Henry Valve Co., 1028 
Kramer Trenton Co., 920-921 
MueUer Brass Co., 1128-1129 

a the Catalog Ihita Section 
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DEHYDRA-TECTORS, 
Refrigerant 
Henry Valve Co., 1028 
DEHYDRANTS 
Henry Valve Co., 1028 
Mueller Brass Co., 1128-1129 
Research Products Corp., 949 

DEODORANTS 

W. B. Connor Engineering Corp., 
942-943. 1004 

DESTROYERS,' Soot (5« Soot 
Destroyer) 

DIFFUSERS, Air {See Air^ Dif- 
fusers, and Ventilators, Floor and 
Wall) 

DISTRICT HEATING {See also 
Corrosion Treatment of—Exi?an- 
Sion Joints — Insulation, Under- 
ground-Meters, Pipe) 

American District Steam Co., 1118, 
1130 

H, W. Porter & Co,. 1137 
Ric-wiL Company, The, 1138 

DRAFT APPARATUS {See Blow- 
ers, Forced Draft) 

DRYERS, Refrigerant 
Automatic Products Corp., 1020 
Henry Valve Company, 1028 
Mueller Brass Co., 1128-1129 

DRYING EQUIPMENT 
Aerofin Corporation, 962-964 
American Blower Corp., 884-885 
American Coolair Corp., 978-979 * 
American Radiator & Standard 
Sanitary Corp., 1072-1073 ^ ' V 
Autovent Fan & Blower Div„ 
Herman Nelson Corp., 929 
Bryant Heater Co., 902 
Buffalo Forge Co., 981 
Campbell Heating Co„ 904-906 
Carrier Corporation, 888-889 
Champion Blower & Forge Co.. 982 
Clarage Fan Company, 890 
Dravo Corporation, 916-917 '' 

Electric Air Heater Co., Div. of 
American Fdy. Equipment Co., 
915 

G & O Manufacturing Co., 965 
McQuay. Incorporated, 924-925 
ModineMfg.Co.. 926-927 

D. J, Murray Mfg. Company, 923 
New York Blower Co., 990 
Niagara Blower Co., 894 
Refrigeration Economics Co., 931 
B, F. Sturtevant Co., 995-997 
Trane Company. 932-933 

L. J. Wing Mfg. Co., 934-936 
Worthington Pump & Machinery 
Co„ 974-976 
York Corporation, 899 

DUCT INSULATION {See Insu- 
lation, Dua) 

DUCTS, Prefabricated {See also 
Fittings, Air Ducts, Furnace) 
Carey, Philip, Co., 1142 
Carrier Corporation, 888-889 
Diavo Corporation, 916-917 
Gar Wood Industries, Inc., 912 
L. J. Mueller Furnace Co., 908-909 
United States Register Co., 1011 

DUST COLLECTING 
EQUIPMENT 

American Air Filter Co« 940-941 
American Blower Corp^ 884-^ 
Buffalo Forge Company, 981 

E. K. Campbell Heating Co., 903 


Clarage Fan Company, 890 
Davies Air Filter Corp., 945, 1005 
Dellinger Corp. fStaynew), 946-947 
Electnc Air Heater Co , Div. 

American Fdy. Co., 915 
D. J. Murray Mfg. Company, 923 
Owens-Coming Fibeiglas Corp., 
950-961 

B. F, Sturtevant Co., 995-997 
Supreme Air Filter Co., 953 
Westinghouse Elec. & Mfg. Co., 954 

DUST COLLECTORS, aoth 
Type 

American Air Filter Co., 940-941 
Amencan Blower Corp., 884-885 
Electnc Air Heater Co., Div. 
American Fdy. Co., 915 

EJECTORS, Sewage 
Chicago Pump Co., 1105 
Nash Engineering Co., 1106-1107 

ELECTROSTATIC AIR 
CLEANERS 

American Air Filter Co., 940-941 
Bahnson Company, 8S6-S87 
Westinghouse Elec. & Mfg. Co., 954 

ENGINES, Diesel 
Worthington Pump & Machinery 
Corp., 974r975 

ENGINES, Steam 
B F. Sturtevant Co., 995-997 

EVAPORATIVE CONDENSERS 
{See Condensers and Evaporators) 

EVAPORATORS 
Acme Industries, Inc., 961 
Aerofin Corporation, 962-964 
Baker Ice Machine Co., Inc., 966 
Buffalo Forge Co., 981 
Carrier Corporation, 888-889 
Curtis Refngerating Machine Co., 
968 

Feddets Manufacturing Co., 918 
Frick Company, 969 
General Electric Company, 892- 
893, 1000-1001 
Sam Kezmard, Ina, 922 
Kramer Trenton Co., 920-921 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 
J- J. Nesbitt, Ina, 930 
Rrfrigeration Economics Co., 931 
B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 
Vilter Manufactunng Co., 973 
Westinghouse Electric Elevator Co., 
896-897 

Worthington Pump & Machinery 
Corp., 974-976 
York Corporation, 899 
Young Radiator Company, 937 

EXHAUSTERS 

American Coolair Corp., 978-979 
American Blower Corp., 884-885 
Autovent Fan & Blower Div,, 
Herman Nelson Corp., 929 
Bayley Blower Co., 9^ 

Champion Blower & Forge Co., 982 
DeBothezat Division, American 
Machine & Metals, Inc., 983 
W. B. Connor Engineering Corp., 
942-943, 1004 

Coppus En^neering Corp., 944 
Ilg Electric Ventilating Co., 919, 
984 - 9 ^ 

New York Blower Co., 990 
B. F. Sturtevant Co., 995-997 
Utility Fan Corporation, 998 
L. J. Wing Mfg. Co., 934-936 
Wright- Austin Company, 1114 


EXHAUST HEADS {See Heads, 
Exhaust) 

EXHAUST TUBING, Flexible 
{See Tubing, Flexible, Metallic) 

EXPANSION JOINTS 
American District Steam Co., 1118, 
1136 

E. B. Badger & Sons Co., 1116-1117 
Baker Ice Machine Co., 966 
Crane Company, 1076-1077 
Fulton Sylphon Co., 1024-1025 
Grinnell Co., Inc., 1066-1067, 1111 
Arthur Harris & Co., 1124 
Illinois Engineering Co., 1054-1055 
Ric-wiL Company, 1138 
Warren Webster & Co., 1062-1065 
Yamall-Waring Co., 1115 

EXPOSITIONS 

International Exposition Co., 1161 

FANS, Attic 
Air Controls, Inc., 976 
Airtherm Manufacturing Co., 914 
Allen Corporation, 977 
American Blower Corp., 884-885 
American Coolair Corp., 978-979 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Burnham Boiler Corp., 1075 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
DeBothezat Division, Ameiican 
Machme & Metals, Inc., 983 
Gar Wood Industries, Inc., 912 
General Electric Company, 892- 
893. 1000-1001 

Ilg Electric Ventilating Co., 919, 

Q Q /l -QRK 

Lau Blower Co.. 988 
L. J. Mueller Furnace Co., 908-909 
John J. Nesbitt, Inc., 930 
Propellair, Inc., 991 
H. j. Somers, Inc., 962 
B. F. Sturtevant Co„ 995*997 
Tomngton Mfg. Co., 992-994 
Trane Company, 932-933 
United States Air Conditioning 
Corp., 898 

Wagner Electric Corp., 999 
L. J. Wing Mfg. Co., 934-936 

FAN BLADES 

American Blower Corp., 884-885 
Buffalo Forge Company, 981 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
DeBothezat Division, American 
Machine & Metals, Ina, 983 
La-Del Conveyor & Mfg, Co., 986- 
987 

Lau Blower Co., 988 
B. F. Sturtevant Co., 995-997 
Torrington Mfg. Co., 992-994 
L. J. Wing Mfg. Co., 934-936 

FANS, Axial Flow 
American Blower Corp., 884-885 
Buffalo Forge Company, 981 
Clarage Fan Company, 890 
DeBothezat Division, American 
Machine & Metals, Inc., 983 
Ilg Electric Ventilating Co., 919, 
984-986 

La^Del Conveyor & Mfg. Co., 986- 
987 

Propellair, Ina, 991 

B, F. Sturtevant Co., 995-997 

L, J. Wing Mfg. Co., 934-936 
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FANS, Centrifugal 
Air Controls^ Inc., 97G 
American Blower Corp.,’ 884-885 
American Coolair Corp,, 978-979 
American Foundiy & Furnace Co , 
900-901 

Autovent Fan & Blower Div , 
Herman Nelson Corp., 929 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
E. K. Campbell Heating Co., 903 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
Coppus Engineering Corp., 944 
General Electric Company, 892- 
893, 1000-1001 

Hastings Air Conditioning Co , 891 
Ilg Electric Ventilating Co., 919, 
984-985 

Lau Blower Co„ 988 
Momson Products, Inc., 989 
L. J. Mueller Furnace Co., 908-909 
Herman Nelson Corp., 928-929 
New York Blower Co., 990 
Niagara Blower Co., 894 
B. F. Sturtevant Co., 995-997 
Torrington Mfg. Co., 992-994 
Trane Company, The, 932-933 
United States Air Conditioning 
Corp., 898 

L. J. Wmg Mfg. Co., 934-936 


FANS, Electric 

Air Controls, Inc., 976 
Airthenn Manufacturing Co., 914 
Amencan Coolair Corp., 978-979 
Autovent Fan 8l Blower Div„ 
Herman Nelson Corp., 929 
Buffalo Forge Company, 981 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
Coppus Engineering Corp-. 244 
DeBothezat Division, American 
Machine & Metals, Inc., 983 
Electric Mr Heater Co., Div. of 
Amencan Fdy. Equipment Co„ 
915 

General Electric Company. 892- 
893, 1000-1001 

Ilg Electric Ventilating Co., 919, 
984-985 

La-Del Conveyor & Mfg. Co., 986- 
987 

Lau Blower Co., 988 
Propellair, Inc., 991 
B. F. Sturtevant Co., 995-997 
Torrington Mfg, Co„ 992-994 
Wagner Electric Corp., 999 
L. J. Wing Mfg. Co.. 934-936 


FANS, Furnace 

Air Controls. Inc., 976 
Amencan Blower Corp., 884-885 
Amencan Foundry & Furnace Co., 
900-901 

Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Buffalo Forge Company, 981 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
DeBothezat Division, American 
Ma^ne & Metals, Inc., 983 
Hastings Air Conditiomng Co., 891 
Ilg Electric Ventilating Co., 919, 
9S4r986 

Lau Blower Ca, 988 - 
Morrison Products, Inc.,. 989 
L. J. Mu^er Furnace Co., 908-909 
B. F. Sturtevant Co., 995-997 
Toirfn^n Mfg. Co., 992-994 
Trane Company, 932-933 


United States Air Conditioning 
Corp., 898 

Utility Fan Corporation, 9DS 
L. J. Wing Mfg. Co . 934-936 

FAN MOTORS Molds, Elec- 
ts) 


FANS. Portable 

Air Controls, Inc , 976 
Allen Corporation, 977 
American Blower Corp., 884-886 
American Coolair Corp , 978-979 
Autovent Fan & Blower Div., 
Herman Nelson Corp.. 929 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Champion Blower & Forge Co., 982 
Coppus Engineering Corp., 944 
General Electric Company, 892- 
893, 1000-1001 

Ilg Electric Ventilating Co., 919, 
984-985 

Lau Blower Company, 988 
Morrison Products, Inc., 989 
New York Blower Co., 990 
B. F. Sturtevant Co., 995-997 
Torrington Mfg. 992-994 
United States Air Conditiomng 
Corp., 898 

Wagner Electric Corp., 999 
L. J. Wing Mfg. Co.. 934-936 


FANS, Propeller 

Air Controls, Inc., 976 
Allen Corporation, 977 
Airtherm Manufacturing Co., 914 
Amencan Blower Corp., 884-885 
American Coolair Corp., 978-979 
Autovent Fan & Blower Div., 
Herman Nelson Corn., 929 
Bahnson Company, 8S6-887 
Buffalo Forge Company, 981 
E. K. Campbell Heating Co., 903 
Champion Blower & Forge Co , 982 
Clarage Fan Company, 890 
W. B. Connor Engineering Corp-. 
942-943, 1004 

Coppus Engineering Corp., 944 
DeBothezat Di^on, American 
Machine & Metals, Inc., 983 
La-Del Conveyor & Mfg. Co„ 986- 
987 

Lau Blower Company, 988 
Marley Company, 958 
Herman Nelson Corp., 928-929 
New York Blower Co„ 990 
Propellair, lac., 991 
B. F Sturtevant Co-, 995-997 
Torrington Mfg. Co., 992-994 
Trane Company, 932-933 
United States Air Conditioning 
Corp., 898 

Utility Fan Corporation, 998 
Water Cooling Equipment Corp., 
969 

L. J. Wing Mfg. Co., 934-936 


FANS, Supply and Exhaust 
Air Contrds, Inc., 976 
Allen Corporation, 977 
Airthenn Manufactunng Co., 914 
Amencan Blower Corp., -884-885 
Amencan Coolair Corp., 978-979 
Amencan Radiator & Standard, 

Sanitary Corp., 1072*1073^ 
Autovent Fan & Blower Div.. 

Herman Nelson Corp., 929 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Champion Blower & Forge Co., 982 


Clarage Fan Company. 890 
Coppus Engineering Co., 944 
DeBothezat Division, American 
Machine & Metals, Inc , 983 i 
General Electric Company, 892- 
893, 1000-1001 

Hastings Air Conditiomng Co., 891 
Ilg Electric Ventilating Co„l919, 
984-985 

La-Del Conveyor Sc Mfg. Co., *[986- 
987 

Lau Blower Co., 088 
Morrison Products, Inc., 989 
L. J. Mueller Furnace Co., 908-909 
Herman Nelson Corp., 928-929 
New York Blower Co., 990 
H. J. Somers, Inc,, 952 
B F Sturtevant Co., 995-997 
Torrington Mfg. Co., 992-994 
Trane Company, 932-933 
United States Air Conditioning 
Corp., 898 

Wagner Electric Corp., 999 
L. J. Wing Mfg. Co.. 934-936 

FEED WATER HEATERS {See 
Heaters, Feed Water) 

FEED WATER REGULATORS 

(See Regulators, Feed Water) 

FEEDERS, Boiler Water 
Crane Company, 1076-1077 
General Controls, 1026-1027 
Kieley & Mueller, Inc., 1112 
McDonnell & Miller. 1070-1071 
Mueller Steam Specialty Co., 1113 
Penn Electric Switch Co., 1039 
Spence Engineering Co., 1041 
Warren Webster & Co., 1062-1065 
Wright-Austin Co„ 1114 

FEEDERS, Water 
General Controls, 1026-1027 
Kieley St Mueller, Inc,, 1112 
M(^onnell & Miller, 1070-1071 
MueUer Steam Speaalty Co., 1113 
Wright-Austin Co., 1114 

FELT, Sound Deadening 
Carey, Philip, Ca, 1142 
Johna-Manville, 1148-1149 
Ixickport Cotton Batting Co., 1152 
Ruberoid Company, 1156-1157 


FELT, Insulating (See Insulation, 
Felt) 

FILTERS, Air (See also Air Clean- 
ing Eduipment) 

Air-Maze Corporation, 938-939 
American Air Filter Co., Inc,, 940- 
941 

W. B. Connor Engineering Corp., 
942-943, 1004 

Coppus Engineering Corp,, 944 ' 
Davies Air Filter Corp., 94S, 1005 
Detroit Lubricator Co., 048, 1032- 
1023 

Dollinger Corp. (Staynew), 946- 
947 

Kimberly-Clark Corp., 1150-1151 
Martocello, Jos. A. & Sons, 960 
Owens-Coming Fiberglas Corp., 
950-951 ! 

Research Products Corp., 949 
H. J. Somers, Inc., 952 
Supreme Air Filter Co., 953 
Westinghouse Elec, & Mifg. Co„ 
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FIREBRICK, Insulating 
Armstrong Cork Company, 1141 
Babcock & Wilcox, 1074 
Johns-ManvUle. 1148-1149. 
Universal ZonoUte Insulation Co , 
1139 

FITTINGS, Air Ducts, Furnace 
Carey. Philip, Co.. 1142 
Gar Wood Industries, Inc., 912 
L. J. Mueller Furnace Co„ 90S-909 
United States Register Co., 1011 

FITTINGS, Hot Water Heating 
Systems 

Bell and Gossett Co., 104G-1047 
Hoffman Specialty Co., 1052-1053 
Taco Heaters, Inc., 1058-1059 
H. A. Thrush & Co., 1060-1061 

FITTINGS, Pipe, Flanged 
American Brass Company, 1126- 
1127 

Amencan Rolling Mill Co., 1015 
Baker Ice Machine Co.. Inc., 966 
Crane Company, 1076-1077 
Frick Company, 969 
Gnnnell Co.. Inc,, 1066-1067, 1111 
Arthur Harris & Co., 1124 
Henry Valve Co., 1028 
Vilter Manufacturing Co., 973 
Worthington Pump & Machinery 
Co., 974-975 
York Corporation, 899 

FITTINGS, Pipe, Screwed 
Baker Ice Machine Co., 966 
Crane Company, 1076-1077 
Frick Company, 969 
Grinnell Co., Inc,. 1066-1067, 1111 
Henry Valve Company, 1028 
Viiter Manirfactunng Co., 973 
Worthington Pump & Machinery 
Co.. 974-975 
York Corporation, 899 

FITTINGS, Pipe, Solder 
American Brass Company. 1126- 
1127 

Crane Company, 1076-1077 
Eagle-Picher Lead Co., 1144 
Mueller Brass Co., 1123-1129 
Wolverine Tube Div. of Calumet 
& Hecla Consolidated Copper 
Co., 1125 

FITTINGS, Pipe, for Under- 
ground Conduit 
American District Steam Company, 
1118, 1136 

H. W. Porter Co.. 1137 
Ric-wiL Company, The, 1138 

FITTINGS. Pipe, Sweat 
American Brass Company, 1126- 
1127 

American Radiator & Standard 
Sanitary Corp.. 1072-1073 
Crane Company, 1076-1077 
Eagle-Hcher Lead Co., 1144 
MueUer Brass Co., 11:^1129 
Wolverine Tube Div. of Calumet 
& Heda Consolidated Copper 
Co.. 1125 

FITTINGS, Plastic 
Dow Chemical Company, 1131 

FITTINGS, Welded 
American Brass Company, 1126- 
1127 

American Rolling Mill Co., 1015 


Crane Company. 1076-1077 
Gnnnell Co., Inc., 1066-1067, 1111 

FLANGES, Lead, Roof 
Eagle-Picher Lead Co., 1144 

FLOATS, Metal (See Trap and 
Valve) 

Arthur Harris & Co., 1 124 
Kieley & Mueller, Inc.. 1112 
McDonnell & Miller. 1070-1071 
Wright- Austin Co., 1114 

FLOOR AND CEILING PLATES 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Camegie-Illinois Steel Corp., 1018 
Grinnell Co., Inc., 1066-1067. 1111 
Tuttle & Bailey, Inc., 1012-1013 

FLOOR PLATES 

Jones & Laughlin Steel Corp., 1017 

FLUE GAS ANALYSIS 
Leeds & Northrop Co., 1032 
MiimeapoUs-Honeywell Regulator 
Co.. 1034-1035 

FOG ELIMINATOR 
Ilg Electric Ventilating Co., 919. 
984-985 

L. J. Wing Mfg. Co., 934-936 

FORCED-AIR DUCTS and FIT- 
TINGS (See Dueds, Fittings) 

FORCED DRAFT COOLING 
TOWERS (.See also Fans, Coding 
TcwerSf Induced Drafts Mechani- 
cal Draft) 

Air & Refrigeration Corp., 883 
Baker Ice Machine Co., 966 
Buffalo Forge Company, 981 
Lihe-Hoffmann Cooling Towers, 
Inc,, 957 

Marley Company, 958 
Water Coohng Equipment Corp., 
959 

FURNACE-BURNER, Oil-fired, 
Stoker-fired 

Airtemp Div., Chrysler Corp., 906- 
907 

.American Radiator & Standard 
Sanitary Corp., 1072-1073 
Crane Company, 1076-1077 
Gar Wood Industries, Inc., 912 
General Electric Company, 892- 
893, 1000-1001 

Iron Fireman Mfg. Co., 1098-1099 
L. J. Mueller Furnace Co., 908-909 
Herman Nelson Corp., 928-929 
Webster Eng^eering Co., 1101 

FUEL BURNING EQUIPMENT, 
Automatic (See Burners^ Auto- 
matic; Furnace Burners; Gas Burn- 
ers; Oil Burners; Stokers) 

FURNACE PIPE 
Johna-Manville. 1148-1149 
L. J. Mueller Furnace Co., 908-909 
Umted States Register Co., 1011 

FURNACES, Electric 
General Electric Company, 892- 
893, 1000-1001 
Leeds & Northrup Co., 1032 

FURNACES, Warm Air, Heavy 
Duty 

American Foundry & Furnace Co,. 
900-901 


Airtheim Manufacturing Co., 914 
American Radiator 8c Standard 
Sanitary Corp., 1072-1073 
Bryant Heater Co., 902 
Campbell Heating Co., 904-905 
E. K. Campbell Heating Co., 903 
Dravo Corporation, 91^917 
Lee Engineenng Co., 913 
L. J, Mueller Furnace Co., 908-909 

FURNACES, Warm Air, Res. 

Airtemp Div., Chrysler Corp., 906- 
907 

Airtherm Manufacturing Co., 914 
Amencan Foundry & Furnace Co., 
900-901 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bryant Heater Co., 902 
Garner Corporation, 888-889 
Crane Company, 1076-1077 
Fitagibbons Boiler Co., Inc., 1078- 
1079 

Gar Wood Industries, 912 
General Electric Company, 892- 
893, 1000-1001 

Iron Fireman Mfg. Co„ 1098-1099 
L. J. Mueller Furnace Co , 908-909 
Herman Nelson Corp., 928-929 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910- 
911 

Spencer Heater Division, 1088-1089 
United States Radiator Corp., 1092- 
1093 

Utility Fan Corporation, 998 

GAGE BOARDS 

Baker Ice Machine Co., 966 
Frick Company, 969 
Manning, Maxwell & Moore, Inc., 
1033 

Jas. P. Marsh Corp., 1122-1123 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Spence Engineering Co., 1041 
Taylor Instrument Companies, 
1042 

United States Gauge Co., 1043 

GAGE GLASSES 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Crane Company, 1076-1077 
Jenkins Bros., 1121 
Libby-Owens-Ford Glass Co., 1136 
Yarnall-Waring Co., 1115 

GAGES, Altitude 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bell and Gossett Company, 1046- 
1047 

Crane Company, 1076-1077 
Jas. P. Marsh Corp., 1122-1123 
Mercoid Corporation, 1036 
Taylor Instrument Companies, 1042 
H. A. Thrush & Co., 1060-1061 
United States Gauge Co., 1043 

GAGES, Ammonia 

Baker Ice Machine Co., 966 
Crane Company, 1076-1077 
Frick Company, 969 
Manning, Maxwell & Moore, 1038 
Jas. P. Marsh Corp., 1122-1123 
Martocdlo, Jos. A. & Co., 960 
Mercoid Corporation, 1036 
United States Gauge Co., 1043 
Viiter Manufacturing Co., 973 
York Corporation, 899 
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GAGES, Compound 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Anderson Products, Inc., 1119 
Crane Company, 1076-1077 
Dole Valve Company, 1120 

C. A. Dunham Co., 1048-1050 
Hoffman Speaalty Co., Inc., 1052- 
1053 

Illinois Engineenng Co , 1054-1055 
Jas. P, Marsh Corp., 1122-1123 
Mercoid Corporation, 1036 
Sarco Company, Inc., 1056-1057 
Spence Engineenng Co., 1041 
Umted States Gauge Co., 1043 
Warren Webster & Co., 1062-1065 

GAGE GLASS PROTECTOR 
Wright-Austin Co., 1114 
GAGES. Liquid Level 
Detroit Lubricator Co., 948, 1022- 
1023 

Henry Valve Company, 1028 
Manning, Maxwell & Moore, 1033 
Menam Company, 1037 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Taylor Instrument Companies, 1042 
United States Gauge Company, 
1043 

Yamall-Waring Company, 1115 

GAGES, Pressure 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Anderson Products, Inc., 1119 
Baker Ice Machine Co., Inc., 966 
Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1050 
Leeds & Northrup Co., 1032 
Manning, Maxw^ & Moore, Inc., 
1033 

Jas. P. Marsh Corp., 1122-1123 
Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Spence Engineering Co., 1041 
Taylor Instrument Companies, 1042 
H. A. Thrush & Co., 1060-1061 
Trane Company, 932-933 
United States Gauge Co., 1043 
Webster Engineering Co., 1101 

GAGES, Stenm 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Anderson Products. Inc., 1119 
Crane Company, 1076-1077 
Dole Valve Company, 1120 
C. A. Dunham Co., 1048-1050 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Manning, Maxwell & Moore, Inc., 
1033 

Jas. P. Marsh Corp., 1122-1123 
Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Spence En^neering Co., 1041 
Taylor Instrument Companies, 1042 
United States Gauge Co., 1043 
Warren Webster & Co.. 1062-1065 

GAGES, Tank 

Detroit Lubricator Co., 948, 1022- 
1023 

Frick Company, 969 
Manning, Mascwell & Moore, Inc., 
1033 

Minneapolis-Honeywell Regulator 
Co., 1034-1035 


Taylor Instrument Companies, 1042 
Wright-Austin Co., 1114 

GAGES, Vacuum 
Anderson Products, Inc ,1119 
Crane Company, 1076-1077 
Dole Valve Company. 1120 
C. A. Dunham Co., 1048-1050 
Hoffman Speaalty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Manmng, Maxwell & Moore, Inc., 
1033 

Jas. P. Marsh Corp.. 1122-1123 
Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Spence Engineenng Co., 1041 
Taylor Instrument Companies, 1042 
Trane Company, 932-933 
United States Gauge Co., 1043 
Warren Webster & Co., 1062-1065 

GAGES, Vapor 
Crane Company, 1076-1077 
C. A. Dunham Co , 1048-1050 
Hoffman Specialty Co., Inc., 1052- 
1053 

Ilhnois Engineering Co., 1054-1056 
Manning, Maxwell & Moore, Inc., 
1033 

Jas. P. Marsh Corp., 1122-1123 
Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Spence Engineering Co., 1041 
Trane Company, 932-933 
United States Gauge Co., 1043 
Warren Webster & Co., 1062-1065 

GAGES, Water 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Baker Ice Machine Co., 966 
Crane Company, 1076-1077 
Detroit Lubncator Co., 948, 1022- 
1023 

Frick Company, 969 
Manning, Maxwell & Moore, Inc., 
1033 

Mercoid Corporarion, 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Taylor Instrument Compemies, 1042 
United States Gauge Co., 1043 
Wright-Austin Co., 1114 
YarnaU-Waring Company, 1115 

GAS BURNERS 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bryant Heater Co., 902 
Coppus Engineering Corp., 944 
Crane Company, 1076-1077 
Todd Combustion Equipment, Inc., 
1103 

Webster Engineering Co., 1101 

GASKETS, Asbestos 
Crane Company, 1076-1077 
Frick Company, 969 
Johns-Manville, 1148-1149 
Ruberoid Co.. The, 1166-1157 

GASKETS, Ciork 
Armstrong Cork Company, 1141 
Mundet Cork Carp., 1153 

GASKETS, Rubber 
Frick Company, 969 
Jenkins Bros., 1121 
Johna-ManvUle, 1148-1149 


GLASS (See hitulatwri, Double 
Glass) 

GLASS BLOCKS 
Amencan 3-Way-Luxler Prism Co , 
1132 

Owens-Illinois Glass Co , 1133 
Pittsburgh Coming Corp., 1134 

GLASS, Cellular 
American 3-Way-Luxfer Prism Co., 
1132 

Owens-Illinois Glass Co., 1133 
Pittsburgh Coming Co., 1134 

GLASS BLOCK ROOFLIGHTS 

(See Skyhghis) 

GOVERNORS, Pump 
Crane Company, 1076-1077 
General Controls, 1026-1027 
Kieley & Mueller, Inc., 1112 
McDonnell & Miller, 1070-1071 
Mueller Steam Specialty Co., Inc., 
1113 

Spence Engineering Co., 1041 
Warren Webster & Co., 1062-1063 
Wright-Austin Co., 1114 

GRATES FOR BOILERS AND 
FURNACES 
BrowneU Company, 1095 
Combustion Engineenng Co., 1100 
Detroit Stoker Company, 1096-1097 
Fitzgibbons Boiler Co., Inc., 1078- 
1079 

International Boiler Works Co., 
1081 

Iron Fireman Mfg. Co., 1098-1099 
Kewanee Boiler Corp., 1082-1085 
L. J. Mueller Furnace Co., 908-909 

D. J. Murray Mfg. Company, 923 
United States Radiator Corp., 1092- 

1093 

GRILLES, REGISTERS AND 
ORNAMENTAL METAL 
WORK (See also Louvers and 
Registers) 

American Blower Corp., 884-885 
American Coolair Corp., 978-979 
American Foundry & Furnace Co , 
900-901 

Anemostat Corp. oi America, 1002 
Barber-Colman Co., 1003, 1021 

E. K. Campbell Heating Co., 903 
Davies Air Filter Corp,, 945, 1006 
Hart & Cooley Manufacturing Co., 

1006-1007 

Hendnck Mfg. Co., 1008 
Independent Register Co., 1009 
L. J. Mueller Furnace Co„ 908-909 
Register & Grille Mfg. Co., 1010 
Trane Company, 932-933 
Tuttle & Bailey, Inc., 1012-1013 
Umted States Air Conditioning 
Corp., 898 

Umted States Register Co., 1011 

HANGERS. Pipe 
American Radiator & Standard 
Sanitary Corp*. 1072-1073 
Baker Ice Machine Co., 966 
Frick Company, 969 
Grinnell Co., Inc., 1066-1067, 1111 
Ric-wiL Company, The, 1138 
Vilter Manufacturing Co., 973 

HANGERS, Radiator 
American Radiator & Standard 
Sajuitary Corp., 1072-1073 
Bell and Gossett Co., 104^1047 
Burnham Boiler Corp., 1075 
Crane Company, 1076-1077 
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Grinnell Co., Inc., 1006-1067, 1111 
United States Iladiator Corp., 1092- 
1093 

HEADS, Eadiaust 
Cochrane Corporation, 1110 
Crane Company, 1076-1077 
Kieley & Mueller, Inc., 1112 
Propellair, Inc., 991 
Wnght-Auatin Co„ 1114 

HEADS, Sprinkler {Fire Frotec- 
twn) 

GrinneU Co., Inc., 1066-1067, 1111 

HEAT SUIUPACE 
Aerofin Corporation, 962-964 
Airtheim Manufacturing Co.. 914 
American Blower Corp., 884-885 
Buffalo Forge Company, 981 

C. A. Dunham Co., 1048-1060 
Electric Air Heater Co., Div. of 

American Foundry Equipment 
Co., 915 

Fedders Manufacturing Co., 918 
G & O Manufacturing Co.. 965 
General Electric Company, 892- 

893, 1000-1001 

Kramer Trenton Co , 920-921 
McQuay, Incorpoiated, 924-925 
Modine Manufacturing Co., 926- 
927 

D. J. Murray Mfg. Company, 923 
John J. Nesbitt, Inc., 930 
Niagara Blower Co., 894 
Refrigeration Economics Co., 931 

B. F. Sturtevant Co.. 995-997 
Trane Company, 932-933 
Westinghouse Electric Elevator Co., 

896-897 

L, J. Wing Mfg, Co., 934-936 
Young Radiator Company, 937 

HEATERS, Air 
Aerofin Corporation, 962-964 
Air & Refrigeration Corp., 883 
Airtemp Div., Chrysler Corp., 906- 
907 

Airthenn Manufacturing Co., 914 
Amencan Blower Corp., 8^885 
American Foundry & Furnace Co., 
900-901 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Autovent Fan & Blower Div., 
Herman Nelson Corp,, 929 
Baker Ice Machine Co., 966 
Bryant Heater Co., 902 
Buffalo Forge Company, 981 

E. K, Campbell Heating Co., 903 
Campbell Heating Co., 904-905 
Carrier Corporation, 888-^9 
Clarage Fan Company, 890 
Combustion Engineering Co., 1100 
Dravo Corporation, 916-917 

C. A. Dunham Co., 1048-1050 
Electric Air Heat» Co., Div, of 

American Foundry Equipment 
Co., 915 

Fedders Manufacturing Co.. 918 
Gar Wood Industries, Inc., 912 
General Electric Company, 892- 
893, 1000-1001 

Grinnell Co„ Inc., 1066-1067, 1111 
Ilg Electric Ventilating Co., 919, 
984-985 

Iron Fireman Mfe. Co., 1098-1099 
Lee Engineeriiig Co., 913 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 
Modme Mfg. Co., 926-927 

D. J. Murray Mfg. Co., 923 

Please mentloi] 


Norge Heating and Conditiomng 
Div„ Borg- Warner Corp., 910-91 1 
Herman Nelson Corp., 928-929 
John J, Nesbitt, Inc., 930 
Refrigeration Economics Co , 931 
B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 
United States Air Conditiomng 
Corp., 898 

Westinghouse Electric Elevator Co., 
896-897 

L. J. Wing Mfg. Co.. 934-936 
Young Radiator Company, 937 

HEATERS, Automatic Hot 
Water, Domestic 
Airtemp Div., Chrysler Corp., 906- 
907 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Crane Company, 107G-1077 
C A. Dunham Co., 1048-1050 
Fit^gibbons Bcaler Co., Inc,, 1078- 
1079 

Gar Wood Industries, Inc., 912 
Iron Fireman Mfg. Co., 1098-1099 
Kewanee Boiler Corp., 1082-1085 
Norge Heating and Conditiomng 
Div., Borg-Wamer Corp., 910-911 
Spencer Heater Division, 1088-1089 
Taco Heaters. Inc., 1058-1059 
United States Radiator Corp., 1092- 
1093 

Young Radiator Company, 937 

HEATERS, Blast 
Aerofin Corporation, 962-964 
Air & Refrigeration Corp., 883 
Airtherm Manufactunng Co., 914 
American Blower Corp., 884-8^ 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Carrier Corporation, 888-889 
Clarage Fan Company, 890 

C. A. Dunham Co.. 1048-1050 
Electric Air Heater Co., Div. of 

American Foundry Equipment 
Co , 915 

Fedders Manufacturing Co., 918 
G & O Manufacturing Co., 965 
General Electric Company, 892- 
893, 1000-1001 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 
Modine Mfg. Co., 926-927 

D. J. Murray Mfg. Company, 923 
John J Nesbitt, Inc., 930 

New York Blower Co., 990 
Refrigeration Economics Co., 931 

B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 

L. J. Wing Mfg, Co., 934-936 
Young Radiator Co., 937 

HEATERS, Cabinet 

C. A. Dunham Co., 1048-1060 
Electric Air Heater Co., EHv. of 

American Foundry Equipment 
Co., 915 

Fedders Manufacturing Co., 918 
General Electric Company, 892- 
893, 1000-1001 

McQuay, Incorporated, 924-926 ’ 
Modine Mfg. Co., 926-fe 
Herman Nelson Corp., 928-929 
John J. Nesbitt, Inc., 930 
B, F. Sturtevant Co., 996-997 
Trane Company, 932-933 
Weil-McLain Company, 1094 

i THE GUIDE 1941 when writing 


L. J. Wing Mfg. Co., 934-936 
Young Radiator Co., 937 

HEATERS, Electric 
.\utovent Fan Sn Blower Div., 
Herman Nelson Corp., 929 
Burnham Boiler Coip., 1075 
Crane Company, 1076-1077 
Electric Air Heater Co., Div. of 
American Foundry Equipment 
Co., 915 

General Electric Company, 892- 
893, 1000-1001 

Grinnell Co., Inc., 1066-1067, 1111 
Ilg Electric Ventilating Co., 919, 
9 81 935 

B. F- Sturtevant Co., 995-997 
L. J. Wing Mfg. Co., 934-936 
Young Radiator Company, 937 

HEATERS, Feed Water 
Bell and Gossett Co., 1046-1047 
Brownell Company, 1095 
Cochrane Corp., 1110 
W. B. Connor Engineering Corp., 
942-943. 1004 

General Electric Company, 892- 

893. 1000- 1001 

Worthington Pump & Machinery 
Corp., 974-975 

HEATERS, Fuel OH 
Airthenn Manufacturing Co., 914 
American District Steam Co., 1118, 
1136 

Bell and Gossett Co., 1046-1047 
W. B. Connor Engineering Corp., 
942-943, 1004 

Dravo Corporation, 916-917 
General Electric Company, 892- 

893. 1000- 1001 

Kewanee Boiler Corp., 1082-1085 
Lee Engineering Co., 913 
Taco Heaters, Inc,, 1058-1059 
H. A. Thrush & Co., 1060-1061 
Tojdd Combustion Equipment, Inc., 

Weil-McLain Company, 1094 

HEATERS, Gas 
Airtherm Manufacturing Co., 914 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bryant Heater Company, 902 
Crane Company, 1076-1077 
Burnham Boiler Corp , 1075 
Dravo Corporation, 916-917 
C. A. Dunham Co„ 1048-1050 
General Electric Company, 892- 
893, 1000-1001 

Ilg Electric Ventilating Co., 919,, 
984-985 

Kewanee Boiler Corp., 1082-1085 
Lee Engineering Co., 913 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910-911 
Utility Fan Corporation, 998 

HEATERS, Hot Water Service 
American District Steam Co., 1118, 
1136 

American Radiator & Standard. 

SsmitaiT Corp., 1072-1073 
BeU and Gossett Co., 1046-1047 
Brownell Company, 1095 
Bryant Heater Company, 902 
Burnham Boiler Corp., 1076 
W. B. Connor Engineering Corp.,. 
942-943, 1004 

Crane Company, 1076-1077 
Fitagibbons Boiler Co., Inc., 1078- 
1079 

Gar Wood Industries, Inc., 912 
to Advertisers 
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International Boiler Works Co,, 
1081 

Kewanee Boiler Corp., 1082-1085 
L. J. Mueller Furnace Co., 908-909 
National Radiator Co., 1086-1087 
J. Jf. Nesbitt, Inc.. 930 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910-91 1 
Pacific Steel Boiler Div., U. S, 
Radiator Corp., 1091 
H. B. Smith Co„ Inc., 1090 
Spencer Heatei Division, 1088-1089 
Taco Heaters, Inc., 1068-1059 
H, A. Thrush & Co., 1060-1061 
Trane Company, 932-933 

HEATERS, Indirect 
Aerofin Corporation, 962-964 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bell and Gossett Co., 1046-1047 
W. B. Connor Engineering Corp , 
942-943, 1004 

Crane Company, 1076-1077 
Fedders Manufacturing Co., 918 
Fitzgibbona Boiler Co., Inc., 1078- 
1079 

Lee Engineering Co., 913 
Taco Heaters, Inc., 1058-1059 
H. A. Thrush & Co., 1060-1061 
L. J. Wing Mfg. Co.. 93^936 

HEATERS, Refuse Burning 
Kewanee Boiler Corp., 1082-1085 
Lee Engineering Co., 913 
L. J. Mueller Furnace Co., 930 

HEATERS, Storage 
American District Steam Co., 1118, 
1136 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bell and Gossett Co„ 1046-1047 
Brownell Company, 1095 
Burnham Boiler Corp., 1075 
W. B. Connor Engineering Corp., 
942-943, 1004 

Crane Company, 1076-1077 
General Electnc Company, 892- 
893, 1000-1001 

Kewanee Boiler Corp., 1082-1085 
Taco Heaters, Inc., 1068-1059 

HEATERS, Tank 
American District Steam Co., 1118, 
1136 

Amencan Radiator & Standard 
Sanitary Corp., 1072-1073 
Bell and Gossett Co„ 1046-1047 
Burnham Boiler Corp,, 1075 
W. B. Connor Engineering Corp., 
942-943, 1004 

Crane Company, 1076-1077 
Fitzgibbons Boiler Co., Inc,, 1078- 
' 1079 

Gar Wood Industries, Inc., 912 
GrinneU Co., Inc., 1066-1067, 1111 
International Boiler Works Co., 
1081 

Kewanee Boiler Corp., 1082-1086 
L. J. Mueller Furnace Co., 908-909 
Paafic Steel Boiler Div., U. S. 

Radiator Cor^, 1091 
Spencer Heater Division, 1088-1089 
Taco Heaters, Inc., 106^1059 
United States Radiator Corp., 1092- 
1093 

Weil-McLain Company, 1094 

HEATERS, Unit 

Airtherm Manufacturing Co., 914 

Amencan Blower Corp., 884-885 


American Foundry & Furnace Co., 
900-901 

Bayley Blower Company, 980 
Bryant Heater Co., 902 
Buffalo Forge Company, 981 
Burnham Boiler Corp., 1075 
E. K. Campbell Heating Co., 903 
Carrier Corporation, 8^889 
Clarage Fan Company, 890 
Crane Company, 1076-1077 
Dravo Corporation, 916-917 

C. A. Dunham Co., 1048-1050 
Electric Air Heater Co., Div. of 

American Foundry Equipment 
Co., 915 

Fedders Manufacturing Co., 918 
Grinnell Co., Inc., 1066-1067. 1111 
Hastings Air Conditiomng Co., 891 
Ilg Electric VenUIating Co., 919, 
984-985 

Iron Fireman Mfg. Co., 1098-1099 
Kramer Trenton Co., 920-921 
Lee Engineenng Co., 913 
McQuay, Incorporated, 924-925 
Modine Mfg. Co., 926-927 
L. J. Mueller Furnace Co., 908-909 

D. J. Murray Mfg. Company, 923 
National Radiator Co., 1086-1087 
Herman Nelson Corp., 928-929 
John J. Nesbitt, Inc., 930 

New York Blower Co., 990 
Niagara Blower Co.. 894 
Refrigeration Economics Co., 931 

B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 
United States Air Conditiomng 

Corp., 898 ^ 

Umted States Radiator Corp., 1092- 
1093 

Warren Webster & Co., 1062-1065 
L. J. Wmg Mfg. Co., 934-936 
Young Radiator Company, 937 

HEATERS, Unit, Gas Fired 

Airtherm Manufacturing Co , 914 
American Foundry & Furnace Co., 
900-901 « ^ ^ 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bryant Heater Co., 902 
BuJffalo Forge Company, 981 

E. K. Campbell Heating Co., 903 
Crane Company, 1076-1077 
Dravo Corporation, 916-917 

C. A. Dunham Co., 1048-1050 

Ilg Electric Ventilating Co., 919, 
984-986 ^ 

Lee Engineenng Co., 913 
McQuay, Incorporated, 924^926 
L. J. Mueller Furnace Co., 908-909 
National Radiator Co„ 108^1087 
Trane Company, 932-933 

HEATING SYSTEMS, Air, Res. 

Aerofin Corporation, 962-964 
AiiWnp Div., Chrysler Corp., 906- 
907 

Airtherm Manufacturing Co., 914 
American Blower Corp., 884-886 
American Foundry & Furnace Co., 
900-901 ^ ^ 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bahnson Company, 886-887 
Bryant Heater Co., ^2 
Buffalo Forge Company, 981 
Burnham Boiler Corp., 1076 
Carrier Corporation, 888-889 
Clarage Fan Company, 890 
Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1050 
Fedders Manufacturing Co„ 918 


Gar Wood Industries, Inc., 912 
General Electnc Company, 892- 
893, 1000-1001 

McQuay, Incorporated, 924-925 
Modine Mfg. Co., 926-927 
L. J. Mueller Furnace Co., 908-909 
Herman Nelson Corp., 928-929 
John J. Nesbitt, Inc., 930 
Norge Heating and Conditiomng 
Div., Boig-Warner Corp., 910-911 
Spencer Heater Division, 1088-1089 
B. F. Sturtevant Co., 995-997 
Trane Company, The, 932-933 
United States Radiator Corp#, 1092- 
1093 

Westinghouse Electric Elevator Co., 
896-897 

L. J. Wing :Mfg. Co.. 934-936 
Young Radiator Company, 937 

HEATING SYSTEMS, Air, 
Heavy Duty 

Airtherm Manufacturing Co., 914 
Amencan Foundry & Furnace Co., 
900-901 

American Radiator & Standard 
Samtary Corp., 1072-1073 
Bryant Heater Co., 902 
Campbell Heating Co., 904-905 
E. K. Campbell Heating Co., 903 
Dravo Corporation, 916-917 
Lee Engineering Co., 913 
L. J. Mueller Furnace Co., 908-909 

HEATING SYSTEMS, Auto- 
matic 

Airtemp Div., Chrysler Corp., 906- 
907 

American Foundry & Furnace Co., 
900-901 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Anderson Products, Inc., 1119 
Barnes & Jones, Inc,, 1045 
Bryant Heater Co., 902 
Burnham Boiler Corp., 1075 
Campbell Heating Co., 904-905 
Camer Corporation, 888-889 
Crane Company, 1076-1077 
Dravo Corporation, 916-917 
C. A. Dunham Co., 1048-1050 
Electric Air Heater Div. of Ameri- 
can Foundry Equipment Co , 915 
Gar Wood Industries, Inc., 912 
General Electnc Company, 892- 
893, 1000-1001 

Hoffman Speaalty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Iron Fireman Mfg. Co., 1098-1099 
L^ Engineering Co., 913 
L. J. MueUer Furnace Co.. 908-909 
Herman Nelson Corp., 928-929 ^ 
Norge Heating and Conditiomng 
Div., Borg-Wamer Corp., 910-911 
Sarco Company, Inc., 1056-1067 
Spence En^eering Co., 1041 
Spencer Heater Division, 1088-1089 
Taco Heaters, Inc., 105^1059 
Trane Company, 932-933 
United States Radiator Corp., 1092- 
1093 

Westinghouse Electric Elevator Co., 
896-897 

Warren Webster & Co., 1062-1066 
L. J. Wing Mfg. Co., 934-936 
York Corporation, 899 


HEATING SYSTEMS, Furnace 
Airtemp Div., Chrysler €orp., 906- 
907 

Airtherm Manufacturing Co., 914 
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American Radiator & Standard 
Sanitary Corp., 1072-1073 
Bryant Heater Co , 902 
E. K Campbell Heating Co , 903 
Campbell Heating Co , 904-906 
Carrier Corporation, 000 
Crane Company, 1076-1077 
Gar Wood Industries, Inc., 912 
General Electric Company, 892- 
893, 1000-1001 
Lee Engineering Co., 913 
L. J. iVIuelJer Furnace Co., 908-909 
Herman Nelson Corp., 928-929 ^ 
Norge Heating and Conditioning 
Div„ Borg-Wamer Corp., 9 10-9 1 1 
Spencer Heater Division, 1088-1089 
United States Radiator Corp., 1092- 
1093 

L, J. Wing Mfg. Co . 934-936 

HEATING SYSTEMS. Gas Fired 

Airtemp Div.,f Chrysler Corp., 906- 
907 

Airtherm Manufacturing Co.. 914 
American Blower Corp., 884-885 
American Foundry & Furnace Co., 
900-901 

American Radiator & Standard 
S^tary Corp., 1072-1073 
Barnes & Jones, Inc., 1045 
Bryant Heater Co., 902 
Burnham Boiler Corp , 1075 
Campbell Heating Co., 904-905 
E. K. CampbeU Heating Co . 903 
Carrier Corporation, 888-889 
Crane Company, 1076-1077 
Dravo Corporation, 916-917 
C. A. Dunham Co., 1048-1050 
Gar Wood Industries, Inc., 912 
General Electnc Company, 892- 
893, 1000-1001 

Kewanee Boiler Corp., 1082-1085 
Lee Engineenng Co., 913 
L, J. Mueller Furnace Co., 908-909 
National Radiator Co., 1086-1087 
Herman Nelson Corp., 928-929 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910-911 
Spen<»r Heater Division, 1088-1089 
Trane Company, 932-933 
Umted States Radiator Corp., 1092- 
1093 


HEATING^SYSTEMS. Hot 
Water 

Airtemp;Div.,^ChryslerICorp., 906- 
907 

American Blower Corp., 884-885 
Amencan Radiator & Standard 
Sanitary Corp., 1072-1073 
Bell and Gossett Co., 1046-1047 
Bryant Heater Co., M2 
Burnham Boiler Corp., 1075 
Crane Company, 1076-1077 
Gar Wood industries, Inc., 912 
General Electric Company, 892- 
893, 1000-1001 

Hoffman Specialty Co., Inc., 1052- 
1053 

Kewanee Boiler Corp., 1082-1085 
McQuay, Incorporated, 924-925 
Modine Mfg. Co., 926-927 
L. J. Mueller Furnace Co., 908-909 
National Radiator Co., 1086-1087 
Herman Nelson Corp., 928-929 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910-911 
Spencer Heater Division, 1088-1089 
Taco Heatdrs, Inc.. 1058-1059 
Trane Company, 932-933 
H. A. Thrush & Co.. 1060-1061 


Umted States Radiator Coip., 1092- 
1093 

L. J. Wing Mfg. Co . 934-936 

HEATING SYSTEMS, Oil Fired 
Airtemp Div., Chrysler Corp., 906- 
907 

Airtherm Manufacturing Co , 914 
Amencan Foundry & Furnace Co., 
900-901 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Barnes & Jones, Inc., 1045 
Burnham Boiler Corp., 1075 
Carrier Corporation, 888-889 
Crane Company, 1076-1077 
Dravo Corporation, 916-917 
Gar Wood Industries, Inc., 912 
General Electric Company, 892- 
893, 1000-1001 

Kewanee Boiler Corp., 1082-1085 
Lee Engineering Co., 913 
L. J. Mueller Furnace Co., 908-909 
National Ra^ator Co., 1086-1087 
Herman Nelson Corp., 928-929 
Norge Heating and Conditioning 
Div,, Borg-W'amer Corp., 910-911 
Spencer Heater Division, 1088-1089 
Trane Company, 932-933 
United States Radiator Corp., 1092- 
1093 

HEATING SYSTEMS, Steam 

Aerofin Corporation, 962-964 
Airtemp Div., Chrysler Corp., 906- 
907 

Airtherm Manufacturing Co., 914 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Anderson Products, Inc., 1119 
Barnes & Jones, Inc., 1045 
Bell and G^sett Co., 1046-1047 
Bryant Heater Co., 902 
Burnham Boiler Corp., 1075 
Carrier Corporation, 888-889 
Crane Company, 1076-1077 
C. A. Dunham Co., .1048-1050 
Gar Wood Industries, Inc., 912 
General Electnc Company, 892- 
893, 1000-1001 

William S. Haines & Co., 1051 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Kewanee Boiler Corp., 1082-1085 
Modine Manufacturmg Co., 926- 
927 

L. J. Mueller Furnace Co., 908-909 
National Radiator Co., 1086-1087 
Herman Nelson Corp., 928-929 
Norge Heating and Conditioning 
Div., Borg-Wamer Corp., 910-911 
Ric-wiL Company, The, 1138 
Sarco Company, Inc., 1066-1067 
Spence Engineenng Co., 1041 
Spencer Heater Division, 1088-1089 
Trane Co., The, 93^933 
Umted States Radiator Corp., 1092- 
1093 

Warren Webster & Co., 1062-1065 
L J. Wing Mfg. Co.. 934-936 

HEATING SYSTEMS, Vacuum 

Airtemp Div., Chrysler Corp., 906- 
907 

American District Steam Ca, 1118, 
1136 

Amencan Radiator & Standard 
Samtary Corp., 1072-1073 
Anderson Products, Inc., 1119 
Barnes & Jones, Inc., 1045 
Burnham Boiler Corp., 1075 


Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1050 
Gar Wood Industries, Inc , 912 
General Electric Company, 892- 
893, 1000-1001 

William S Haines & Co , 1051 
Hoffman Specialty Co , Inc., 1052- 
1053 

Illinois Engineenng Co., 1054-1055 
Modine Manufacturing Co., 926- 
927 

L. J. Mueller Furnace Co., 908-909 
Sarco Company, Inc , 1056-1057 
Spencer Heater Division, 1088-1089 
Trane Company, The, 932-933 
Umted States Radiator Corp , 1092- 
1093 

Warren Webster & Co., 1062-1065 

HEATING SYSTEMS, Vapor 
Airtemp Div., Chrysler Corp., 906- 
907 

American District Steam Co., 1118, 
1136 

Amencan Radiator & Standard 
Sanitary Corp., 1072-1073 
Bames & Jon^, Inc., 1045 
Burnham Boiler Corp., 1075 
Crane Company, 1076-1077 

C. A. Dunham Co., 1048-1050 
Gar Wood Industnes. Inc., 912 
General Electnc Company, 41892- 

893, 1000-1001 

William S. Haines Sc Co , 1061 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Modine Manufacturing Co.,jL’926- 
927 

L. J. Mueller Furnace Co., 908-909 
National Radiator Co., 1086-1087 
Herman Nelson Corp., 928-929 
Sarco Company, Inc., 1060-1057 
Spencer Heater Division, 1088-1089 
Trane Company, 932-933 
Umted States Radiator Corp., 1092- 
1093 

Warren Webster^& Co., 1062-1065 

HOSE, Refrigerant Charging 
Henry Valve Company, 1028 

HOT WATER HEATING SYS- 
TEMS (jSeeHeatmg Systems, Hot 
Water) 

HUMIDIFIERS 
Air & Refrigeration Corp., 883 
American Blower Corp., 884^885 
Amencan Moistening Co., 965 
American Radiator & Standard 
Samtary Corp., 1072-1073 
Armstrong Machine Works, 1108- 
1109 

Bahnson Company, 886-8S7 
Baker Ice Machine Co., 966 
Barber-Colman Co., 1003, 1021 
Buffalo Forge Company, 981 
Burnham Boiler Corp , 1075 
Carrier Corporation, 888-889 
Clarage Fan Company, 890 
General Electric Company, 892- 
893, 1000-1001 

Grinnell Co., Inc.. 1066-1067, 1111 
Johnson Service Co., 1030-1031 
McDonneU & MiUer, 1070-1071 
McQuay, Incorporated, 924-925 
L. J. Mueller Furnace Co., 908-909 

D. J. Murray Mfg. Company, 923 
Parks-Cramer Company, 895 

H, J Somers, Inc., 952 
B. F, Sturtevant Co., 995-997 
Trane Company, The, 932-933 
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United States Air Conditioning 
Corp , 898 

Weil-McLain Company, 1094 
Westinghouse Electric Ele\*ator Co., 
896-897 

L. J. Wing Mfg. Co.. 934-936 

HUMIDIFIERS, Central Plant 
Air & Refrigeration Corp., 883 
American Blower Corp , 884-885 
Armstrong Machine Works, 1108- 
1109 

Bahnson Company, 886-887 
Baker Ice Machine Co., 966 
Barber-Colman Co., 1003, 1021 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Carrier Corporation, 88&-889 
Clarage Fan Company, 890 
Gar Wood Industries, Inc., 912 
^neral Electric Company, 892- 
893, 1000-1001 

Johnson Service Company, 1030- 
1031 

Niagara Blower Co., 894 
Parks-Cramer Company, 895 
Powers Regulator Co., 1040 
H. J. Somers, Inc., 952 
B. F. Sturtevant Co., 995-997 
Trane Company, The, 932-933 
United States Air Conditioning 
Corp., 898 

Westinghouse Electric Elevator Co.. 
896-897 

HUMIDIFIERS. Unit 
Air 8 e Refrigeration Corp., 883 
American Blower Corp.. 884-885 
American Moistening Co., 955 
Armstrong Machine Works, 1108- 
1109 

Bahnson Company, 886-887 
Buffalo Forge Company, 981 
Burnham Boiler Corp., 1075 
Camer Corporation, 888-889 
Qarage Fan Company, 890 
Dravo Corporation, 916-917 
General Electric Company, 892- 
893. 1000-1001 

GrinneU Co.. Inc., 1066-1067, 1111 
Marley Company, The, 958 
McQuay, Incorporated, 924-925 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

D. J. Murray Mfg. Company, 923 
Parke-Cramer Company, 895 
H. J. Somers, Inc., 952 
B. F. Sturtevant Co., 995-997 
Trane Company, 93^933 
Tuttle & Bailey, Inc., 1012-1013 
United States Air Conditioning 
Corp., 898 

L. J. Wing Mfg. Co., 934-936 

HUMIDITY CONTROL 

American Moistening Co., 955 
Anemostat Corp. of America, 1002 
Armstrong Machine Works, 1108- 
1109 

Bahnson Company, 886-887 
Barher-Colman Co-, 1003, 1021 
Detroit Lubricator Co., W8, 1022- 
1023 

Fulton Sylphon Co., 1024-1025 
General Controls, 1026-1027 
General Electric Company, 892- 
893, 1009-1001 

Grinnell Co., Inc., 1066-1067, 1111 
Johnson Service Co., 1030-1031 
Leeds & Northrup Co., 1032 
Manning, Marw^ & Moore, Inc., 
1033 

Mercoid Corporation, 1036 

Numerals following Manr 


Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Parks-Cramer Company, 895 
Penn Electnc Switch Co., 1039 
Powers Regulator Co., 1040 
H. J. Somers, Inc., 952 
B. F. Sturtevant Co , 995-997 
Taylor Instrument Compames, 1042 
White-Rodgers Electnc Co., 1044 

HUMIDITY RECORDERS and 
INDICATORS 
American Moistening Co., 955 
Grinnell Co., Inc., 1066-1067. 1111 
Johnson Service Co., 1030-1031 
Leeds & Northrup Co., 1032 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 
Palmer Company, 1038 
Powers Regulator Co., 1040 
Taylor Instrument Companies, 1042 

HYGROMETERS (See also Hu- 
midity Recorders and Indicators) 
American Moistening Co.. 955 
Detroit Lubricator Co., 948, 1022- 
1023 

Gnnnell Co.. Inc., 1066-1067, 1111 
Johnson Service Co., 1030-1031 
Minneapolis-Honeywell Regulator 
Co.. 1034-1035 
Palmer Company, 1038 
Parks-Cramer Company, 895 
Taylor Instrument Compames, 1042 

INDUCED DRAFT COOLING 
TOWERS (See also Cooling 
Towers, Forced Draft, Mechanical 
Draft) 

Baker Ice Machine Co., 966 
Buffalo Forge Company, 981 
Lilie-Hoffman Cooling Towers, Inc., 
957 

Marley Company, 958 
D. J. Murray Mfg. Company, 923 
B. F. Sturtevant Co., 995-997 
Water Cooling Equipment Corp., 
959 

INSTRUMENTS, Indicating, 
Controlling and Recording 
Barber-Colman Co., 1003, 1021 
Cochrane Corp., 1110 
Detroit Lubncator Co., 948, 1022- 
1023 

General Electric Company, 892- 
893, 1000-1001 

Illinois Testing Laboratories, Inc., 
1029 

Johnson Service Company, 1030- 
1031 

Leeds & Northrup Co., 1032 
Manning, Maxw^ & Moore, Inc., 
1033 

Mercoid Corporation, 1036 
Menam Company, 1037 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 
Palmer Company, 1038 
Powers Regulator Co., 1040 
Taylor Instrument Compames, 1042 
Umted States Gauge Co., 1043 

INSULATION, Building 
Alfol Insulation Co., 1140 
April Showers Company, 956 
Armstrong Cork Company, 1141 
Carey, Philip, Co., 1142 
Celotex Corporation, 1143 
Crane Company, 1076-1077 
Ea^e-Hcher Lead Co., 1144 
Insulite Company, 1146-1147 
Insul-Wool Insuktion Corp., 1146 

facturers* Names refer to pages i: 


Johns- Man ville, 1148-1149 
Kimberly-Clark Coip„ 1150-1151 
Libby-Owens-Ford Glass Co., 1135 
Lockport Cotton Batting Co., 1152 
Mundet Cork Corp., 1153 
Owens-Corning Fiberglas Corp., 
950-951 

Pacific Lumber Co , The, 1154 
Pittsburgh Corning Corp., 1134 
Reynolds Metals Co., 1155 
Ruberoid Company, 1156-1157 
United States Gypsum Co., 1158- 
1159 

UniversalTZonoIite Insulation Co., 
11S9 

Wood Conversion Co., 1160 

INSULATION, CeUular Glass 
Amencan 3-Way-Luxfer Prism Co , 
1132 

Armstrong Cork, 1141 
Pittsburgh Coming Corp , 1134 

INSULATION, Cork 
Armstrong Cork Company, 1141 
Mundet Cork Corp , 1153 

INSULATION, Cotton 
Lockport Cotton Batting Co., 1152 
Reynolds Metals Co., 1155 

INSULATION, Double Glass 
Amencan 3-Way-Luxfer Pnsm Co , 
1132 

Libby-Owens-Ford Glass Co., 1135 
Owens-Ilhnois Glass Co., 1133 
Pittsburgh Coming Corp., 1134 

INSULATION, Ducts, Ventilat- 
ing, Air Conditioning 
Armstrong Cork Company, 1141 
Carey, Philip, Co., 1142 
Celotex Corporation, 1143 
Eagle-Picher Lead Co., 1144 
Insulite Company, 1146-1147 
Johns-Manville. 1148-1149 
Mundet Cork Corp., 1153 
Owens-Coming Fiberglas Corp , 

QCn OKI 

Pacific Lumber Co., 1154 
Pittsburgh Coming Corp., 1134 
Reynolds Metals Co., Inc., 1155 
Ruberoid Company, 1156-1167 
United States Gypsum Co., 1158- 
1159 

Universal ZonoUte Insulation Co., 
1139 

Wood Conversion Co., 1160 

INSULATION, Felt 
Johns-ManviUe, 1148-1149 
Kimberly-Clark Corp., 1150-1151 
Lockport Cotton Batting Co., 1152 
Ruberoid Company, 1166-1157 
Wood Conversion Company, 1160 

INSULATION, Glass Block 
American 3-Way-Luxfer Prism Co., 
1132 

Owens-Illinois Glass Co., 1133 
Pittsburgh Cormng Corp., 1134 

INSULATION. Magnesia 
Carey, Philip, Co., 1142 
Johns-Man\^e, 1148-1149 
Mundet Cork Corp-,' 1153 
Ruberoid Company, 1156-1157 

INSULATION, Wpes and Sur- 
faces (See Coverings, Pipes and 
Surfaces) 
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INSULATION, Plastic 
Eagle-Picher Lead Co., 1144 
Johns-Manville, 114S-n49 
Ruberoid Company, 1156-1157 
United States Gypsum Co., lloS- 

1169 . ^ 

Universal Zonolite Insulation Co.. 
1139 

INSULATION, Reflective 
Alfol Insulation Co„ 1140 
Reynolds Metals Co., Inc., 11 5o 

INSULATION, Refractory 
Armstrong Cork Co„ 1141 
Babcock & Wilcox, 1074 
Carey, Philip, Co., 1142 
Eagle-Picher Lead Co , 1 144 
Johns-I^Ianv'ille, 1148-1149 
Ruberoid Company, 1156-1157 
Universal Zonolite Insulation Co., 
1139 

INSULATION, Sound Deaden- 
ing (See also Felt, Sou?id 
Deadening) 

Alfol Insulation Co„ 1140 
Armstrong Cork Company, 1141 
Carey, Plulip, Co., 1142 
Celotex Corporation, 1143 
Eai^e-Picher Lead Co., 1144 
Insuiite Company, 1146-1147 
Insul-Wool Insulation Co., 1145 
Johns-Manville. 1148-1149 
Kimberly-Clark Corp., 1150-1151 
Libby-Owens-Ford Glass Co., 1135 
Lockport Cotton Batting Co., 1152 
Mundet Cork Cori>„ 1153 
Owens-Corning Fiberglas Corp., 
930-951 

Paafic Lumber Company, 1154 
H. W. Porter & Co.. 1137 
Reynolds Metals Co., Inc., 1155 
Ruberoid Company, 1156-1167 
United States Gypsum Co., 1158- 

Universal Zonolite insulation Co., 
1139 

Wood Conversion Company, 1160 

INSULATION, Structural 
Alfol Insulation Co., 1140 
Armstrong Cork Company, 1141 
Celotex Corporation, 1143 
Insuiite Company, 1146-1147 
Johns-Manviile, 1148-1149 
Libby-Owens-Ford Glass Co., 1135 
l^ockport Cotton Batting Co., 1152 
Owens-Coming Fiberglas Corp , 
960-961 

Pittsburgh Coming Corp., 1134 
H. W, Porter & Co., 1137 
Reynolds Metals Co., Inc., 1155 
Umted States Gypsum Co., 1158- 
1169 

Universal Zonolite Insulation Co., 
1139 

Wood Conversion Company, 1160 

INSULATION, Underground 
Steam Pipe 

American District Steam Co., 1118, 
1136 

E. B. Badger Si Sons Co., 1116-1117 
Carey, PhiUp, Co., 1142 
Eagle-Picher Lead Co., 1144 
Johns-Manville, 1148-1149 
Lockport Cotton Batting Co., 1152 
Owens-Coming Fiberglas Corp., 
950-951 

H. W. Porter & Co.. 1137 
Ric-wiL Company, The, 1138 


Ruberoid Company, 1156-1157 
Universal Zonolite Insulation Co , 
1139 

Wood Conversion Company, 1160 

INSULATION, Window, Double 
Glazing 

Libby-Owens-Ford Glass Co., 1135 

INSULATOR, Water 
April Showers, Inc , 950 

LIME SCALE CONTROL 
Research Products Corp., 949 
Vinco Company, Inc., 1068-1069 

LIQUID LEVEL CONTROLS 
Alco Valve Co., 1019 
Cochrane Corp., 1110 
Detroit Lubneator Co., 948, 1022- 
1023 

Frick Company, 969 
General Controls, 1026-1027 
General Electnc Co., 892-893, 1000- 
1001 

Illinois Engineering Co., 1054-1056 
Johnson Service Co., 1030-1031 
Kieley & Mudler, Inc., 1112 
Leeds & Northrup Co., 1032 
McDonneU & MiHer, 1070-1071 
Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co.. 1034-1035 

Mueller Steam Specialty Co-, Inc., 
1113 

Penn Electric Switch Co., 1039 
Sarco Company, Inc., 1056-1057 
Spence Engineering Co , 1041 
Taylor Instrument Companies, 1042 
Wright- Austin Co., 1114 

LIQUID LEVEL GAGES (See 
Gages, Liquid Level) 

LOUVERS (See also Grilles and 
Registers) 

American Coolair Corp., 978-979 
American Foundry & Furnace Co., 
900-901 

Anemostat Corp. of America, 1002 
Autovent Fan & Blower Div„ 
Herman Nelson Corp., 929 
Barber-Colman Co., 1003, 1021 
Buffalo Forge Company, 981 
E. K. Campbell Heating Co , 903 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
Davies Air Filter Corp., 945, 1005 
Hart & Cooley Mfg. Co., 1006-1007 
Hendnck Mfg. Co., 1008 
Independent Register Co., 1009 
Johnson Service Company, 1030- 
1081 

Herman Nelson Corp., 928-929 
Register & Grille Mfg. Co., 1010 
B. F. Sturtevant Co., 995-997 
Trane Company, The, 932-933 
Tuttle & Bailey, Inc., 1012-1013 
Umted States Renter Co., 1011 

MANHOLE COVERS, For 
Underground Systems 
Amencan District Steam Co., 1118, 
1136 

GrinneU Co., Ina. 1066-1067, 1111 
D. J, Murray Mfg. Co., 923 
H. W. Porter & Co., 1137 
Rtc-wiL Company, The, 1138 

MANOMETERS, U-Type, WeH 
Type 

Meriam Company, 1037 


MECHANICAL DRAFT APPA- 
RATUS (See also Blowers, Forced 
Draft) 

Amencan Blower Corp., 884-885 
Buffalo Forge Company, 981 
B. F. Sturtevant Co., 995-997 

MECHANICAL DRAFT COOL- 
ING TOWERS (See also Cooling 
Towers, Forced Draft, Induced 
Draft) 

Baker Ice Machine Co., 966 
Buffalo Forge Company, 981 
DeBothezat Division, American 
Machine & Metals, Inc., 983 
Lilie-Hoffman Cooling Towers, Inc,. 
957 

Marley Company, 958 
Mario Coil Company, 970 
B. F. Sturtevant Co., 995-997 
Water Cooling Equipment Corp., 
959 

METERS, Air 

American District Steam Co., 1118, 
1136 

Illinois Testing Laboratories, 1029 
Minneapolis-Honeywell Regulator 
Co.. 1034-1035 

Taylor Instrument Companies, 1042 

METERS, Air Velocity 
Anderaon Products, Inc ,1119 
Illinois Testing Laboratories, 1029 
Minneapolis-Honeywell Regulator 
Co., 1034^1035 
Powers Regulator Co., 1040 
Taylor Instrument Companies, 1042 

METERS, Condensation 
American District Steam Co., 1118, 
1136 

METERS, Feed Water 
Cochrane Corp,, 1110 
Leeds & Northrup Co., 1032 
Minneapohs-Honeywell Regulator 
Co., 1034-1035 

METERS, Flow 

American District Steam Co., 1118, 
1136 

Cochrane Corp., 1110 
Leeds & Northrup Co., 1032 
Meriam Company, 1037 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Taylor Instrument Companies, 1042 
METERS, Steam 
American District Steam Co., 1118, 
1136 

Cochrane Corp., 1110 
Mmneapolis-Honeywell Regulator 
Co.. 1034-1035 

MOTORS, Damper 
Barber-Colman Co., 1003, 1021 
Fulton Sylphon Co , 1024-1025 
General Controls, 1026-1027 
Johnson Service Co., 1030-1031 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Penn Electric Switch Co., 1039 
Powers Regulator Co., 1040 
White-Rodgers Elec. Co., 1114 
Young Regulator Co., 1014 

MOTORS, Electric 
Barber-Colman Co., 1003. 1021 
DeBothezat Division, American 
Machine & Metals, Ina, 983 
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General Electric Company, 892- 
893, 1000-1001 

B. F Sturtevant Co., 995-997 
Wagner Electric Corp., 999 
Westinghouse Electric Elevator Co , 
896-897 

NOISE ELIMINATORS {See 
Tubing, flexible; Sound Deadeners; 
Vibration Absorbers) 

NOZZLESf Spray {See Spray 
Nozzles) 

ODOR CONTROL 
W. B. Connor Engineering Corp., 
942-943, 1004 

OIL BURNER EQUIPMENT 
Automatic Products Corp., 1020 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

General Electric Company, 892- 
893, 1000-1001 

Herco Oil Burner Corp., 1102 
Herman Nelson Corp., 928-929 
Iron Fireman Mfg. Co., 1098-1099 
Spencer Heater Division, 1088-1089 
Todd Combustion Equipment, Inc., 
1103 

Webster Engineering Co., 1101 

OIL BURNER MOTORS {See 
Motors, Electric) 

OIL BURNERS 

Airtemp Div., Chrysler Corp., 906- 
907 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Babcock & WUcox Co., 1074 
Carrier Corporation, 888-889 
Combustion Engineering Co., 1100 
Crane Company, 1076-1077 
Gar Wood Industries, Inc., 912 
General Electric Company, 892- 
893, 1000-1001 

Herco Oil Burner Corp., 1102 
Iron Fireman Mfg. Co., 1098-1099 
L. J. Mueller Furnace Co., 908-909 
Herman Nelson Corp., 928-929 
Spencer Heater Division, 1088-1089 
Todd Combustion Equipment, Inc,, 
1103 

Webster Engineering Co., 1101 

OIL BURNERS, Pressure Atom- 
izing 

Airtemp Div., Chrysler Corp., 906- 
907 

Crane Company, 1076-1077 
Gar Wood Industries, Inc*, 912 
Herco Oil Boiler Corp., 1102 
L. J. Mueller Furnace Co., 908-909 
Todd Combustion Equipment, Inc., 
1103 

Webster Engineering Co., 1101 
OIL BURNERS, Rotary 
Todd Combustion Equipment, Inc , 
1103 

OIL BURNERS, Steam Atomiz- 
ing 

Todd Combustion Equipment, Inc., 
1103 

Webster Engineering Co., 1101 

OIL BURNERS, Variable Capa- 
city 

Todd Combustion Equipment, I^., 
1103 

OIL BURNER TUBING, Flexible 
{See Tubing, Flexible Metallic) 


OIL TANK GAGES (See Gagw, 
Tank) 

ORIFICES, Flow Meter 
Cochrane Corp., 1110 
Leeds & Northrup Co., 1032 
Taylor Instrument Companies, 1042 

ORIFICES, Radiator 
Barnes & Jones, Inc., 1045 
Detroit Lubricator Co., 948, 1022- 
1023 

C. A. Dunham Co.. 1048-1050 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Johnson Service Company, 1030- 
1031 

Sarco Company, Inc., 1056-1057 
Spence Engineering Co., 1041 
H. A. Thrush & Co., 1060-1061 
Trane Company, The, 932-933 
Warren Webster & Co., 1062-1065 

PACKING, Asbestos 
Carey, Philip, Co., 1142 
Crane Company. 1076-1077 
Jenkins Bros , 1121 
Johns-Manville, 1148-1149 
Ruberoid Company, 1156-1157 

PANELS, lusulative 
Alfol Insulation Co., 1140 
Carey, Philip, Co.. 1142 
Celotex Corporation, 1143 
Insulite Company, 1146-1147 
Johns-Manville, 1148-1149 
Libby-Owens-Ford Glass Co , 1136 
Owens-Coming Fiberglaa Corp., 
950-951 

United States Gypsum Co., 1158- 
1159 

Wood Conversion Company, 1160 
PERFORATED METALS 
Independent Register Co., 1009 
Hendrick Mfg. Co., 1008 
Tuttle & Bailey, Inc., 1012-1013 
Umted States Register Co.. 1011 

PILLOW BLOCKS 
Air Controls, Inc., 976 
Lau Blower Co., 988 

PIPE, Asbestos 
Eagle-Picher Lead Co , 1144 
Johns-Manville, H48-1149 
Ruberoid Company, 1156-1157 

PIPE, Brass 

American Brass Company, 1126- 
1127 

Crane Company. 1076-1077 
Grinneff Co., Inc,, 1066-1067, 1111 
Revere Copper & Brass, Ina, 1130 
Wolverine Tube Div., Calumet and 
Hecla Cousohdated Copper Co., 
1125 

PIPE, Cement 
Johns-Manville. 1148-1149 
Ruberoid Company, 1156-1157 


PIPE, Copper Bearing Steel 
Bethlehem Steel Co., 1016 
Crane Company, 1070-1077 
Jones Sc Laughlin Steel Corp., 1017 

PIPE, Furnace {See Furnace Fipe) 
PIPE, Lead 

Eagle-Picher Lead Co., 1144 
PIPE, Return Bends 
Frick Company, 969 
GnnneU Co, Inc., 1066-1067, 1111 
Arthur Harris & Co,. 1124 
Henry Valve Company, 1028 
Mueller Brass Co , 1128-1129 
Vilter Manufacturing Co , 973 

PIPE, Plastic 

Dow Chemical Company, 1131 
PIPE, Steel 

Acme Industries, Inc., 961 
American Rolling Mill Co., 1015 
Bethlehem Steel Co., 1016 
Camegie-Illinois Steel Corp, 1018 
Crane Company, 1076-1077 < 

GnnneU Co., Inc., 1066-1067, 1111 
Jones & Laughlin Steel Corp., 1017 
Vilter Manufacturing Co., 973 

PIPE, Wrought Iron 
Crane Company, 1076-1077 
Grinnell Co., Inc., 1066-1067. 1111 
Vilter Manufacturing Co., 973 

PIPE ANCHORS 
American District Steam Co., 1118, 
1136 

E. B. Badger & Sons Co., 1116-1117 
Grinnell Co., Inc., 1066-1067, 1111 
H. W. Porter & Co., 1137 
Ric-wiL Company, 1138 

PIPE BENDING 

Baker Ice Machine Co., Inc., 966 

Frick Company, 969 

GrinneU Co, Inc., 1066-1067. 1111 

Arthur Harris & Co., 1124 

Mueller Brass Co.. 1128-1129 

Parks-Cramer Co., 895 

Vilter Manufacturing Co., 973 

PIPE GLEANING 
Cochrane Corporation, 1110 
Research Products Corp,, 949 

PIPE CONDUITS {See ConduUs, 
Underground Pipe) 

PIPE COVERING {See Caoering, 
Pipe) 

PIPE FITTINGS {See FUlings, 
Pipe) 

PIPE GUIDES 

American District Steam Co., 1118, 
1136 

E. B. Badger & Sons Co., 1116-1117 
H. W. Porter & Co.. 1137 
Rio-wiL Company, The, 1138 


PIPE, Copper 

American Brass Company, 1126- 
1127 

American Radiator & Standard 
Sanitary Corp., 1072-1073 
Crane Company, 1076-1077 
Revere Copper & Brass, Inc., 1130 
Mueli^ Brass Co., 1128-1129 
Wolverine Tube Div,, Calumet and 
Hecla Consolidated Copper Co., 
1125 


PIPE HANGERS {SeeHangers, 
Pipe) 


PIPE SUPPORTS, For Uadei:. 
ground Conduit 


American District Steam Co., 1118, 
1136 

E. B. Badger & Sons Co., 1116-1117 
GrinneU Co., Inc,, 1066-1067, 1111 
H.W, Porter & Co., 1137 
RiowiL Company, The, 1138 


Numerals foUotrihig Manufacturers* Names refer to pages In the Catalog Data Section 
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PITOT TUBES (.See A^r Measur- 
tng and Recording Instruments) 

PLASTER BASE, Fire Retarding 
^\rmstrong Cork Company, 1141 
Celotex Corporation, 1143 
Johns-Manville, 1148-1149 
United States Gypsum Co., 1158- 
1159 


Coal-Heat, 1163 
Domestic Engineering, 1165 
Fueloil & Oil Heat, 1166 
Heating & Ventilating, 1167 
Heating, Piping and Air Condi- 
tioning, 1164 

Plumbing and Heating Journal, 

lies 

Sheet Metal Worker, 1168 


PLASTER BASE, Inaulative 
Armstrong Cork Company, 1141 
Celotex Corporation, 1143 
Insulite Company, 1146-1147 
Johns-Manville, 1148-1149 
United States Gypsum Co., 1158- 
1159 

Wood Conversion Company. 1160 

PLASTER BASE, Sound Dead- 
ening 

Armstrong Cork Company, 1141 
Celotex Corporation, 1143 
Insulite Company, 1146-1147 
Johns-Manville. 1148-1149 
United States Gi-psum Co., 1158- 
1159 

Wood Conversion Company, 1160 


PLATES, Iron 

American Rolling Mill Co., 1015 
Came&e-IUinoia Steel Corp., 1018 
Unit^ States Steel Co., 1018 

PLATES, Stainless Steel 
Carnegie- Illinois Steel Corp., 1018 


PLATES, Steel 

American Rolling Mill Co., 1015 

Bethlehem Steel Co., 1016 

Camegie-IUinois Steel Corp., 1018 
Jones & Laughlin Steel Corp,, 1017 
United States Steel Co., 1018 


POWDER AND PASTE, Alumi- 
num 

Reynolds Metals Co., Inc., 1155 

PRECIPITATING EQUIPMENT 
Westinghouse Elec. & Mfg. Co., 
954 

PREHEATERS, Fuel Oil 
American District Steam Co., 1118, 
1136 

Bell and Gossett Co.. 1046-1047 
Taco Heaters. Inc., 1058-1059 
H. A. Thrush & Co., 1060-1061 
Todd Combustion Equipment Co., 
1103 

PRESSURE REDUCING 
VALVES {See Regulators, Pres- 
sure) 


PROPELLER FANS {See Fans, 
Propeller) 


PSYCHROMETERS {See also Air 
Measuring, Indtcaitng and Re- 
cording Insiruments) 

American Moistemng Co., 955 
Grinndl Co., Inc., 1066-1067, 1111 
Johnson Service Co., 1030-1031 
Leeds & Northrup Co., 1032 
Minneapolis-Honeyweil Regulator 
Co„ 1034-1035 
Palmer Company. The, 1038 
Parks-Cramer Company, 896 
Taylor Instrument Companies, 1042 

PUBLICATIONS 
American Artisan, 1164 
Amencan Society of Refrigerating 
Engineers, 1162 


PULLEYS, Chain {See also Chain) 
Hart & Cooley Mfg. Co., 1006-1007 
United States Register Co., 1011 
Young Regulator Co., 1014 

PULLEYS, Speed Types 
Lau Blower Co , 988 
PUMPS, Air and Gas 
Brunner Manufacturing Co., 967 
Buffalo Pumps, Inc., 1104 
Curtis Refrigerating Machine Co., 
968 

Nash Engineering Co., 1106-1107 
PUMPS, Ammonia 
Buffalo Pumps, Inc., 1104 
Chicago Pump Co., 1105 
Frick Company, Inc., 969 
Vilter Manufacturing Co., 973 
Worthington Pump & Machinery 
Corp., 974-975 

PUMPS, Boiler Feed 
Buffalo Pumps, Inc., 1104 
Chicago Pump Co., 1105 
W. B. Connor Engineering Corp., 
942-943, 1004 

Nash Engineering Co., 1106-1107 
Trane Company, The, 932-933 
Worthin^on Pump & Machinery 
Corp., 974-976 

PUMPS. Brine 

American Coolair Corp., 978-979 
Baker Ice Machine Co., 966 
Bell and Gossett Co., 1046-1047 
Buffalo Pumps, Inc.. 1104 
Chicago Pump Co., 1105 
Fnck Company. 969 
Nash Engineering Co., 1106-1107 
Trane Company, 932-933 
Worthington I%mp & Machinery 
Corp., 974-975 

PUMPS, Centrifugal 
Bell and Gossett Co., 1046-1047 
Buffalo Pumps, Inc., 1104 
Chicago Pump Co., 1105 
Crane Company, 1076-1077 
W. B. Connor Engineering Corp., 
942-943, 1004 

C. A. Dunham Co., 1048-1050 
Frick Company, 969 
Nash Engineering Co., 1106-1107 
Trane Company, The, 932-933 
Worthington Pump & Machinery 
Corp., 974-975 

PUMPS, CHrcttlating {See also 
Circulators) 

Bell and Gossett Co., 1046-1047 
Buffalo Pumps, Inc., 981 
Chicago Pump Co., 1105 
Crane Company, 1076-1077 
Herman Spedalty Co., 1052-1053 
MinneapoUs-Honeywdl Regulator 
Co., 1034-1035 

Nash Engineering Co., 1106-1107 
Taco Heaters, Inc., 1058-1059 
Trane Company. The, 932-933 
H. A. Thrush & Co.. 1060-1061 
Worthington Pump & Machinery 
Corp.. 974-975 


PUMPS, Condensation 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Buffalo Pumps, Inc., 1104 
Chicago Pump Co., 1105 
W. B. Connor Engineering Corp., 
942-943, 1004 

Crane Company, 1076-1077 
C. A. Dunham Company, 1048-1050 
Hoffman Spedalty Co., Inc., 1052- 
1053 

Nash Engineering Co., 1106-1107 
Trane Company, The, 932-933 
Worthington Pump & Machinery 
Co., 974-975 

PUMP MOTORS {See Motors, 
Electric) 

PUMPS, Steam 
Buffalo Pumps, Inc., 1104 
Trane Company, The, 932-933 
Worthington Pump & Machinery 
Corp., 974-975 

PUMPS, Sump 
Buffalo Pumps, Inc., 1104 
Chicago Pump Co., 1105 
W. B. Connor Engineering Corp., 
942-943, 1004 

Nash Engineering Co , 1106-1107 
Worthington Pump & Machinery 
Corp., 974-975 

PUMPS, Turbine 
W. B. Connor Engineering Corp., 
942-943, 1004 

C. A, Dunham Co., 1048-1050 
Nash Engineering Co., 1106-1107 
Worthington Pump & Machinery 
Co., 974-976 

PUMPS, Vacuum 
Chicago Pump Co., 1106 
Curtis Refrigerating Machine Co., 
Div. of Curtis Mfg. Co., 968 
W. B. Connor Engineering Corp., 
942-943, 1004 

C. A. Dunham Co., 1048-1060 
Hoffman Spedalty Co., Inc., 1052- 

1053 

Nash Engineering Co., 1106-1107 
Worthington Pump & Machinery 
Co., 974-975 

PURGERS, Refrigeration 
Armstrong Machine Works, 1141 
Frick Company, 969 

PYROMETERS, Portable and 
Stationary 

American Moistening Co., 966 
Illinois Testing Laboratories, Inc., 
1029 

Leeds & Northrup Co., 1032 
Minneapolis-Honeyweil Regulator 
Co., 1034-1035 

Taylor Instrument Companies, 1042 

RADIATION, Aluminum 
Aeroffn Corporation, 962-964 
Electric Air Heater Co., Div. of 
American Fdry. Equipment Co., 
915 

Mario Coil Company, 970 
McQuay, Incorporated, 924-925 

D. J. Murray Mfg. Company, 923 
John J. Nesbitt, Inc., 930 
Refrigeration Economics Co., 931 
B. F. Sturtevant Co., 996-997 
Trane Company, The, 932-933 
Warren Webster & Co., 1062-1065 
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RADIATION, Brass 
Aerofin Corporation, 962-964 
G & O Manufacturing Co., 965 
McQuay, Incorporated, 924-925 
RADIATION, Cast-Iron 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Burnham Boiler Corp , 1075 
Crane Company, 1076-1077 
D. J. Murray Mfg. Co., 923 
National Radiator Co., 1086-1087 
Umted States Radiator Corp., 1092- 
1093 

Weil-McLain Company, 1094 
RADIATION, Copper 
Aerofin Corporation, 962-964 
American Radiator & Standard 
Sanitary Corp.. 1072-1073 

C. A. Dunham Co., 1048-1050 
G & O Manufactunng Co., 965 
Sam Kennard, Inc., 922 
Kramer Trenton Co., 920-921 
McQuay, Incorporated, 924-925 
Modine Mfg. Co.. 926-927 
John J. Nesbitt, Inc., 930 
Refrigeration Economics Co., 931 
B. F. Sturtevant Co., 995-997 
Trane Company. The. 932-933 
Tuttle & Bailey, Inc., 1012-1013 
Warren Webster & Co., 1062-1065 
Young Radiator Company, 937 

RADIATION, Plain and Ex- 
tended Surface 
Aerofin Corporation, 962-964 
American Radiator & Standard 
Sanitary Corp.. 1072-1073 
Buffalo Forge Company, 981 
Burnham Boiler Corp., 1075 
G & 0 Manufacturing Co., 965 
General Electric Company, 892- 
893, 1000-1001 

Grinnell Co.,' Inc,, 1066-1067, 1111 
Mario Coil Company, 970 
McQuay, Incorporated, 924-925 
Modine Mfg. Co., 926-927 

D. J. Murray Mfg. Co., 923 
John J. Nesbitt, Inc., 930 
Refrigeration Economics Co., 931 

B. F. Sturtevant Co., 995-997 
Trane Company, The, 932-933 
Weil-McLain Company, 1094 
Young Radiator Company, 937 

RADIATOR ENCLOSURES AND 
SHIELDS 

Alfol Insulation Co., 1140 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Crane Company, 1076-1077 
Modine Mfg. Co., 926-927 
Register & Grille Mfg. Co., 1010 
Reynolds Metals Co., Inc,, 1155 
H. J, Somers, Inc., 952 
United States Radiator Corp., 1092- 
1093 

United States Register Co., 1011 

RADIATOR HEAT 
REFLECTORS 
Alfol Insulation Co., Inc., 1140 
Reynolds Metals Co., 1155 

RADIATORS, Cabinet 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Burnham Boiler Corp., 1075 
Crane Company, 1076-1077 

C. A. Dunh^ Co., 1048-1050 
GrinneU Co.. Inc., 1066-1067, 1111 
McQuay, Incorporated, 924-925 
Modine Mfg, Co., 926-927 


John J. Nesbitt, Inc , 930 
Trane Company, The, 932-933 
Tuttle & Bailey, Inc., 1012-1013 
Warren Webster & Co., 1062-1065 
Weil-McLain Company, 1094 
Young Radiator Company, 937 

RADIATORS, Concealed 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Burnham Boiler Corp., 1075 
Crane Company. 1076-1077 

C. A. Dunham Co., 1048-1050 
Grinnell Co.. Inc., 1066-1067, 1111 
McQuay, Incorporated, 924-925 
Modine Mfg. Co., 926-927 

D. J. Murray Mfg. Company, 923 
National Radiator Co., 1086-1087 
John J. Nesbitt, Inc., 930 
Trane Company, The, 932-933 
Tuttle & Bailey, Inc., 1012-1013 
United States ^diator Corp., 1092- 

1093 

Warren Webster & Co., 1062-1065 
Weil-McLain Company, 1094 
Young Radiator Company, 937 
RECEIVERS, Air 
Baker Ice Machine Co., 966 
Bromell Company, 1095 
W. B. Connor Engineering Corp., 
942-943. 1004 

Combustion Engineering Co., Inc., 
1100 

Crane Company, 1076-1077 
Curtis Refrigerating Machine Co., 
Div. of Curtis Mfg. Co., 968 
Farrar & Trefts, Inc., 1080 
Illinois Engineering Co„ 1054-1055 
International Boiler Works Co , 
1081 

Kewanee Boiler Corp., 1082-1085 
Parks-Cramer Company, 895 
Warren Webster & Co., 1062-1065 

RECEIVERS, Goadensation 
Baker Ice Machine Co , Inc., 966 
Chicago Pump Co., 1105 
Crane Company, 1076-1077 
C. A, Dunham Co., 1048-1060 
Illinois Engineering Co., 1054-1055 
Nash Engineering Co., 1106-1107 
Sarco Company, Inc., 1056-1057 
Trane Company, The, 932-933 
Warren Webster & Co., 1062-1065 

RECEIVERS, Refrigerants 
Acme Industries, Inc., 961 
Baker Ice Machine Co., 966 
Frick Company, Inc., 969 
Kramer Trenton Co., 920-921 
Mario Coil Company, 970 
voter Manufacturing Co., 973 
Westinghouse Electric Elevator Co., 
896-897 

Worthington Pump & Machinery 
Corp., 974-975 
York Corporation, 899 

RECEIVERS, Water Vapor 
American Blower Corp., 884-885 
Illinois Engineering Co., 1054-1055 
Warren Webster & Co., 1062-1065 

RECORDERS, Humidity, Tem- 
perature 

American Moistening Co., 955 
Cochrane Corporation, 1110 
Johnson Service Co., 1030-1031 
I.eeda & Northrup Co., 1032 
Manning, Maxw^ & Moore, Inc., 
1033 

Minneapolis-Honeywell Regulator 
Co.. 1034-1035 


Palmer Company, 1038 
Powers Regulator Co., 1040 
Taylor Instrument Companies, 1042 

REFRACTORIES, Cement, 
Materials 

Babcock & Wilcox Co., 1074 
Carey, Phihp, Co., 1142 
Elagle-Picher Lead Co., 1144 
Johns-Manville, 1148-1149 
Ric-vriL Company, 1138 
Ruberoid Company, 1156-1157 

REFRIGERATION CONTROLS 

(See also Controls) 

Alco Valve Company, 1019 
American Blower Corp., 884-885 
Armstrong Machine Works, 1108- 
1109 

Automatic Products Corp., 1020 
Barber-Colman Co., 1003, 1021 
Carrier Corporation, 888-889 
Cochrane Corp., 1110 
Detroit Lubricator Co., 948, 1022- 
1023 

Fedders Manufacturing Co., 918 
Frick Company, Inc., 969 
Fulton Sylphon Co., 1024-1025 
(Seneral Controls, 1026-1027 
General Electnc Company, 892- 
893, 1000-1001 

Illinois Engineering Co., 1054-1055 
Illinois Testing Laboratories, Inc., 
1029 

Insul-Wool Insulation Corp., 1145 
Johnson Service Co., 1030-1031 
Leeds & NorUirup Co., 1032 
Manning, Maxwell & Moore, Inc., 
1033 

Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co.. 1034-1035 

Penn Electric Switch Co., 1039 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-;1057 
Taylor Instrument Companies, 1042 
White-Rodgers Elec. Co., 1044 

REFRIGERATING EQUIP- 
MENT, Centrifugal 
Carrier Corporation, 888-889 
McQuay, Incorporated. 924-925 
Trane Company, 932-933 
Worthington Pump & Machinery 
Corp., 974-975 
York Corporation, 899 

REFRIGERATING EQUIP- 
MENT, Steam Jet 
Carrier Corporation, 888-889 
Universal Cooler Corp., 972 
Westinghouse Electric Elevator Co. , 
896-897 

Worthington Pump & Machinery 
Corp., 974-975 

REFRIGERATING 

MACHINERY 

Airtemp Div., Chrysler Corp., 906- 
907 

Baker Ice Machine Co., 966 
Brunner Manufacturing Co., 967 
Carrier Corporation, 888-889 
Curtis Refrigerating Machine’'Co., 
Div. of Curtis Mfg. Co., 968 
Frick Company, Inc., 969 
General Electric Company, 892- 
893, 1000-1001 
Mario Coil Company, 970 
Refrigeration Economics Co., 931 
Secvel, Inc., 971 
Trane Company, 932-933 
Universal Cooler Corp., 972 
Vilter Manufacturing Co., 973 
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\\’estii:i,huuso Elcctiic Elevator Co^ 

sufi-sor 

Worthm^nn Pump & Machinerj^ 
Coip., 974-97.) 

York Corporation, 899 

REGISTERS (See also Grilles Cfd 
Louvers) 

American Blower Corp., 8SS-8S9 
Amencan Coolaxr Corp , 978-979 
Anemostat Corp. ot America, 1002 
Barber-Colman Co., 1003, 1021 
Davies Air Filter Corp , 045, 1005 
Hart & Cooley Manufacturing Co., 
1006-1007 

Hendnck Mfg- Co., 1008 
Independent Register Co., 1009 
L. J. Mudler Furnace Co., 908-909 
Register & Grille Mfg. Co., 1010 
Trane Company, The, 932-933 
Tuttle & Bailey, Inc., 1012-1013 
United States Air Conditioning 
Corp., 898 

United States Register Co„ 1011 
REGISTERS, Oil Burning 
Todd Combustion Equipment, Inc., 
1103 

United States Register Co., 1011 

REGULATORS, Air Volume 
Anemostat Corp. of America, 1002 
Barber-Colman Co., 1003. 1021 
W. B. Connor Engineering Corp., 
942-943, 1004 ^ 

Hart & Cooley Mfg. Co., 1006-1007 
Kieley & Mueller, Inc., 1112 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

TutUe & Bailey, Inc., 1012-1013 
United States Register Co., 1011 
Young Regulator Co., 1014 

REGULATORS, Damper 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Anemostat Corp. of America, 1002 
Automatic Products Corp., 1020 
Barber-Colman Co., 1003, 1021 
Barnes & Jones, Inc., 1045 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

Pulton Sylphon Co., 1024-1025 
General Controls, 1026-1027 
General Electric Company, 892- 
893. 1000-1001 

William S. Haines & Co., 1051 
Hart & Cooley Mfg. Co., 1006-1007 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Iron Fireman Mfg. Co., 1098-1099 
Johnson Service Co.. 1030-1(^1 
Kieley & Mueller, Inc., 1112 
Leeds & Northrup Co„ 1032 
Manning, Maxw^ & Moore. Inc., 
1033 

Mercoid Corporation, 1036 
Minneapolis-Honeywdl Regulator 
Co.. 1034-1035 

Penn Electnc Switch Co., 1039 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 
Spence Engineering Co., 1041 
Taylor Instrument Companies, 1042 
H. A. Thrush & Co., 1060-1061 
Trane Company, 932-933 
TutUe & Bailey, Inc., 1012-1013 
United States Register Co.. 1011 
Warren Webster & Co., 1062-1065 
Webster Engineering Co., 1101 
White-Rodgers Elec. Co., 1044 
Young Radiator Co., 937 
Young Regulator Co., 1014 


REGULATORS, Feed Water 
Cochrane Corporation, 1110 
Fulton Sylphon Co , 1024-1025 
General Controls, 1026-1027 
Kieley & Mueller. Inc., 1112 
McDonnell & MiUer, 1070-1071 
Mueller Steam Specialty Co., Inc., 
1113 

Powers Regulator Co., 1040 
Spence Engineering Co., 1041 
Wnght-Austin Co., 1114 

REGULATORS, Furnace 
Automatic Products Corp , 1020 
Barber-Colman Co , 1003, 1021 
Detroit Lubricator Co., 948, 1022- 
1023 

Fulton Sylphon Co , 1024-1025 
General Controls, 1026-1027 
Hart & Cooley Mfg. Co., 1006-1007 
Kieley & Mueller, Inc., 1112 
Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co.. 1034-1035 

Penn Electric Switch Co., 1039 
Spence Engineering Co.. 1041 
TutUe & Bailey. Inc., 1012-1013 
Webster Engineering Co., 1101 
White-Rodgers Elec, Co.. 1044 
Young Regulator Co.. 1014 

REGULATORS, Gas 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Crane Company, 1076-1077 
Detroit Lubneator Co , 948, 1022- 
1023 

General Controls, 1026-1027 
Jenkins Bros., 1121 
Mercoid Corp., 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Mueller Steam Specialty Co., Inc., 
1113 

Penn Electric Switch Co., 1039 
Spence Engineenng Co., 1041 
Webster Engineering Co., 1101 
Winte-Rodgers Elec. Co., 1044 

REGULATORS, Humidity (See 
H utniday Control) 

REGULATORS, Pressure 
Alco Valve Company, 1019 
American District Steam Co., 1118, 
1136 

American Radiator & Standard 
Sanitary Corp., 1072*1073 
AutomaUc Products Corp., 1020 
Barber-Colman Co., 1003, 1021 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

C. A. Dunham Co., 1048-1050 
Fedders Manufacturing Co., 918 
Fulton Sylphon Co., 1024-1026 
General Controls, 1026-1027 
General Electric Company, 892- 
893, 1000-1001 

lUinois Engineering Co., 1054-1055 
Johnson Service Co., 1030-1031 
Kieley & Mueller, Inc., 1112 
McDonn^ & Miller, 1070-1071 
Mercoid Coiporation, 1036 
Minneapolis-Honeyw^ Regulator 
Co.. 1034-1036 

Mueller Steam Spedalty Co., Inc., 
1113 

Penn Electnc Switch Co., 1039 
Powers Emulator Co., 1040 
Spence Engineering Co., 1041 
Taco Heaters, Ina, 1058-1059 
Taylor Instrument Companies, 1042 


H. A. Thrush & Co., 1060-1061 
Warren Webster & Co.. 1062-1065 
White-Rodgers Elec. Co., 1044 

REGULATORS, Temperature 
(See Temperature Control) 

RELIEF VALVES (See Valves, 
Rdief) 

ROOF COOLER 
April Showers Company, 956 
Marley Company, 968 
B. F. Sturtevant Co., 995-997 

RUST INHIBITOR 
Research Products Corp., 949 
Vinco Company, 1068-1069 

RUST AND SCALE REMOVER 
Vinco Company, 1068-1069 

SAFETY VALVES (See Valves, 
Safety) 

SCREENS, Window Insulation 
Libby-Owens-Ford Glass Co., 1135 
Umted States Register Co., 1011 

SEALS, Flexible Pipe Line 
E. B. Badger & Sons Co., 1116-1117 
SEALS, Shaft for Compressor 
Frick Company, Inc., 969 
Davies Air Filter Corp., 945, 1005 
Fulton Sylphon Co., 1024*1025 

SEPARATORS, Air 
Wright-Austin Co., 1114 
SEPARATORS, Dust 
American Air Filter Co., 940-941 
American Blower Corp., 884-885 
Buffalo Forge Company, 981 
Coppus Engineering Corp., 944 
Electnc Air Heater Co., Div., 
American Fdy. Co., 916 
B. F. Sturtevant Co., 996-997 
Westinghouse Elec, & Mfg. Co , 
954 

SEPARATORS, Oil 
Acme Industries, Inc.» 961 
Baker Icc Machine Co., Inc., 966 
Cochrane Corp., 1110 
Crane Company. 1076-1077 
Frick Company, 969 
Henry Valve Company, 1028 
Illinois Engineering Co., 1054-1065 
lOeley & Mueller, Inc., 1112 
Warren Webster & Co., 1062-1066 
Wright^Austin Co., U14 

SEPARATORS, Steam 
American District Steam Co., 1118, 
1136 

Cochrane Corp., 1110 
Crane Company, 1076-1077 
Illinois Engineering Co., 1054-1055 
Kieley &: Mueller, Inc., 1112 
Warren Webster & Co., 1062-1066 
Worthington Pump & Machinery 
Corp., 974-976 
Wright-Austin Co., 1114 

SHEETS, Aluminum Foil 
Alfol Insulation Co., 1140 
Reynolds Metals Co., Inc., 1155 
Ruberoid Company, 1156-1167 
United States Gypsum Co., 1158- 
1159 

SHEETS, Aluminized Steel 
American Rolling Mill Co., 1015 
Resmolds Metals Co., Inc., 1155 


Please mention TKOE GUIDE 1944 when writing to Advertisers 


874 


INDEX TO MODERN EQUIPMENT 


SHEETS, Asbestos, Flat and 
Corrupted 
Carey, Philip, Co., 1142 
Johns-ManviUe, 1148-1149 
Ruberoid Company, 1166-1157 

SHEETS, Copper Alloy 
American Brass Company, 1126- 
1127 

Camegie-Illinois Steel Corp, 1018 
Reveie Copper & Brass, Inc., 1130 

SHEETS, Copper Bearing Steel 
American Rolling Mill Co., 1015 
Bethlehem Steel Co., 1016 
Camegie-Illmois Steel Corp., 1018 
Jones & Laughlin Steel Corp., 1017 
United States Steel Co., 1018 

SHEETS, Felt 
Johns-ManviUe, 1148-1149 
Ruberoid Company, 1156-1157 

SHEETS, Galvanized 
American Rolling Mill Co., 1015 
Bethlehem Steel Co., 1016 
Camegie-IIUnois Steel Corp., 1018 
Jones & Laughlin Steel Corp., 1017 
Umted States Steel Co„ 1018 

SHEETS, Pure Iron 
American Rolling Mill Co., 1015 
Camegie-Illinois Steel Corp., 1018 
United States Steel Co., 1018 

SHEETS, High TensUc 
American Rolling Mill Co., 1015 
Camegie-Ilhnois Steel Co., 1018 
Jones & Laughlin Steel Corp., 1017 

SHEETS, Special Finish 
American Rolling Mill Co., 1015 
Camegie-Illinois Steel Corp,, 1018 
United States Steel Co., 1018 

SHEETS, Stainless Steel 
American Rolling Mill Co., 1015 
Carnegie- Illinois Steel Corp., 1018 

SHEETS, Steel 

American Rolling Mill Co., 1015 
Bethlehem Steel Co., 1016 
Camegie-Illinois Steel Corp., 1018 
Jones & Laughlin Sted Corp., 1017 
United States Steel Co., 1018 

SHUTTERS, Automatic 
Air Controls, Inc., 976 
American Coolair Corp., 978-979 
Autovent Fan & Blower Div., 
Hermart Nelson Corp., 929 
Barber-Colmau Co., 1003, 1021 
Champion Blower & Forge Co„ 9^ 
Hg Electric Ventilating Co., 919, 
984-985 

Minneapolis-Honeywell Regulator 
Co., 1034-1035 
New York Blower Co., 990 
B, F, Sturtevant Co-, 995-997 
United States Register Co., 1011 
L. J. Wing Mfg. Co., 934-936 

SKYLIGHTS, Insulated 
Amencan 3 Way-Luxfer Prism Co., 
1132 

SMOKE DENSITY 
RECORDING 

General Electric Co„ 892-893, 1000- 
1001 

Leeds & Northnip Co., 1032 
SOOT DESTROYER 
Vinco Company, Inc., 1068-1069 


SOUND DEADENING, Insula- 
tion 

Armstrong Coik Company, 1141 
Celotex Corporation, 1143 
Eagle- Picher Lead Co.. 1144 
Insuhte Company, The, 1140-1147 
Insul-Wool Insulation Corp , 1145 
Johns-Manville, 1148-1149 
Libby-Owens-Ford Glass Co., 1135 
Lockport Cotton Batting Co., 1152 
Kimberly-Clark Corp., 1150-1151 
Mundet Cork Corp., 1153 
Owens-Coming Fiberglas Corp., 
950-951 

Paafic Lumber Co., 1154 
Reynolds Metals Co., Inc., 1155 
Ruberoid Company, 1156-1157 
United States Gypsum Co., 1158- 
1159 

Universal Zonolite Insulation Co., 
1139 

Wood Conversion Co., 1160 

SPRAY DRYER (See Spray Equip* 
ment) 

SPRAY EQUIPMENT 
Apnl Showers Company, 956 
Brunner Manufacturing Co., 967 
Marley Company, 958 
Martocello, Jos. A. & Co., 960 
D. J. Murray Mfg. Company, 923 
B. F. Sturtevant Co., 99^997 
Yamall-Waring Co., 1115 

SPRAY NOZZLES 
Amencan Moistemng Co., 955 
American Blower Corp., 884-885 
April Showers Company, 956 
Baker Ice Machine Co., 966 
Buffalo Forge Company, 981 
Clarage Fan Company, 890 
Detroit Lubricator Co., 948, 1022- 
'1023 

Lilie-Hoffman Cooling Towers, Inc., 
967 

Marley Co„ The, 958 
Mario Coil Company, 970 
Martocello, Jos. A, & Co., 960 
D. J. Murray Mfg. Company, 923 
Parks-Cramer Co , 805 
B. F. Sturtevant Co., 995-997 
Trane Company, 932-933 
Water Cooling Equipment Corp., 
959 

Yamall-Waring Co., 1115 

SPRAY NOZZLE COOLING 
SYSTEM 

American Blower Corp., 884-885 
April Showers Company, 956 
Baker Ice Machine Co.. 966 
Bayley Blower Co., 980 
Clarage Fan Company, 890 
Marley Company, 958 
B. F. Sturtevant Co., 995-997 
Trane- Company, 932'933 
Water Cooling Equipment Corp., 
959 

Yamall-Waring Co., 1116 

STACKS, Steel 
Bethlehem Steel Co., 1016 
Brownell Co., 1095 
Farrar & Trefts, Inc., 1080 
Hendrick Mfg. Co., 1008 
Kewanee Boiler Corp., 1082-1085 

STEAM HEATING SYSTEMS 
(See Beaimg Systems, Steam) 

STEAM GENERATORS (See 
Boilers, Forced Recirculation) 


STOKERS, Mechanical, 
Anthracite 

Babcock & Wilcox Co , 1074 
Brownell Company, 1095 
Combustion Engineering Co., 1100 
Crane Company, 1076-1077 
Iron Fireman Mfg. Co., 1098-1099 

STOKERS, Mechanical, 
Bituminous 

Babcock & Wilcox Co., 1074 
Brownell Company, 1095 
Combustion Engineering Co., 1100 
Crane Company. 1076-1077 
Detroit Stoker Co., 1096-1097 
Iron Fireman Mfg. Co., 1098-1099 

STOKER MOTORS (See Motors, 
Electric) 

STRAINERS, Dirt 
Armstrong Machine Works, 1108- 
1109 

Barnes & Jones, Inc , 1045 
C. A. Dunham Co., 1048-1059 
GrinneU Co , Inc., 1066-1067, 1111 
Henry Valve Company, 1028 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Kieley & Mueller, Inc., 1112 
Mueller Steam Specialty Co., Inc., 
1113 

Sarco Company, Inc , 1056-1057 
Spence Engineering Co., 1041 
Trane Company, 932-933 
Warren Webster & Co., 1062-1066 

STRAINERS, OU 
Automatic Products Corp., 1020 
Bell and Gossett Co., 1048-1047 
Bethlehem Steel Co., 1016 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

General Controls, 1026-1027 
General Electric Company, 892- 
893, 1000-1001 
Henry Valve Company, 1028 
Kieley & Mueller, Inc., 1112 
Mueller Steam Specialty Co., Inc., 
1113 

Sarco Company, Inc., 1056-1057 
Spence Engineering Co., 1041 
Todd Combustion Equipment, Inc., 
1103 

Wright- Austin Co., 1114 
STRAINERS, Refrigerant 
Alco Valve Company, 1019 
Automatic Products Corp., 1020 
Detroit Lubricator Co., 948, 1022- 
1023 

Frick Company, Inc., 969 
General Controls, 1026-1027 
Henry Valve Company, 1028 
MueUer Brass Co., 1128-1129 
Sarco Company, Inc., 1066-1057 
Westinghouse Electric Elevator Co.. 
896-897 

STRAINERS, Steam 
Armstrong Machine Works, 1108- 
1109 

Crane Company, 1076-1077 
C. A, Dunham Co., 1048-1050 
General Controls, 1026-1027 
GnnneU Co., Inc., 1066-1067,' 1111 
Hoffman Spedalty Co., Inc., 1062- 
1053 

Illinois Engineering Co., 1054-1065 
Kieley & MueUer, Inc., 1112 i 
Mueller Steam Specialty Co., Inc., 
1113 
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Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 
Socnce Engineering Co., 1041 
Trane Company, 932-933 
Warren Webster & Co., 1062-1065 
Wright-Austin Co., 1114 

STRAINERS, Water 
American District Steam Co., 1118, 
1136 

Armstrong Machine Works, 1108- 
1109 

Crane Company, 1076-1077 
Detroit Lubncator Co., 948, 1022- 
1023 

General Controls, 1026-1027 
Grinnell Co., Inc., 1066-1067, 1111 
Illinois Engineering Co., 1064-1055 
Kieley & Mueller, Inc., 1112 
McDonnell & Miller, 1070-1071 
Mueller Brass Co., 1128-1129 
Mueller Steam Specialty Co., Inc., 
1113 

Powers Regulator Co., 1040 
Sarco Company, Inc , 1056-1057 
Spence Engineering Co., 1041 
Wright-Austin Co., 1114 
YamaU-Waring Co., 1115 

SWITCHES. Float 
Alco Valve Company, 1019 
Detroit Lubricator Co., 948, 1022- 
1023 

General Electric Company, 892- 
893, 1000-1001 

McDonnell & Miller. 1070-1071 
Mercoid Corporation, 1036 
Penn Electric Switch Co., 1039 

SWITCHES, Flow Control 
Iron Fireman Mfg. Co , 1098-1099 
McDonnell & Miller, 1070-1071 
TANK COILS (jSeeCotls, Tank) 
TANK COVERING (See Covering, 
PtPes and Surfaces) 

TANK HEATERS (See Heaters, 
Tank) 

TANKS, Blow-ofl 
Brownell Company, 1095 
Farrar Sc Trefts, Inc., 1080 
Kewanee Boiler Corp., 1082-1085 

TANKS, Pressure 
Baker Ice Machine Co., 966 
Bell and Gossett Co.. 1046-1047 
Bethlehem Steel Co., 1016 
Brownell Company, 1096 
Burnham Boiler Corp,, 1075 
Combustion Bngine^ng Co., Inc., 
1100 

Electric Air Heater Co., Div., 
American Fdy. Co., 915 
Farrar & Trefts, Inc., 1080 
Fnck Company, 969 
Kewanee Boiler Corp., 1082-1086 
Kieley & Mueller, Inc., 1112 
Taco Heaters, Inc,, 1058-1059 
H. A. Thrush & Co.. 1060-1061 
TANKS, Storage 
American Radiator & Standard 
Sanitary Corp,, 1072-1073 
E. B. Badger & Sons Co., 1116-1117 
Bethlehem Steel Co., 1016 
Brownell Company. The, 1095 
Burnham Boiler Corp., 1075 
W. B. Connor Engineenng Corp., 
942-943, 1004 
Farrar & Trdts, Inc., 1080 
Frick Company, 969 
Kewanee Boiler Corp., 1082-1085 
Kieley & Mueller, Inc., 1112 


TEMPERATURE CONTROL 
American Moistening Co., 955 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Barber-Colman Co.. 1003, 1021 
Barnes & Jones, Inc , 1045 
Bell and Gossett Co„ 1046-1047 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

C. A. Dunham Co., 1048-1050 
Fulton Sylphon Co., 1024-1026 
General Controls, 1026-1027 
General Electric Company, 892- 
893, 1000-1001 

Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Ilhnois Testing Laboratories, Inc., 
1029 

Johnson Service Co., 1030-1031 
Kieley & Mueller, Inc., 1112 
Leeds & Noithrup Co , 1032 
Manning, Maxwell & Moore, Inc., 
1033 

Mercoid Corporation, The. 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Penn Electric Switch Co., 1039 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 
Spence Engineering Co., 1041 
B. F. Sturtevant Co., 995-997 
Taylor Instrument Companies, 1042 
Trane Company, 932-933 
Warren Webster & Co., 1062-1065 
White-Rodgers Elec. Co., 1044 
L. J. Wmg Mfg. Co., 934-936 
Yamall-Waring Co., 1115 

THERMOMETERS, Distance 
Type 

Illinois Testing Laboratories, Inc., 
1029 

Johnson Service Co„ 1030-1031 
Leeds & Noithrup Co., 1032 
Manning, Maxwell & Moore, Inc., 
1033 

Jas, P. Marsh Corp., 1122-1123 
Minneapolis-Honeywell Regulator 
Co., 1034-1036 
Palmer Company, 1038 
Powers Regulator Co., 1040 
&rco Company, Inc., 1066-1057 
Taylor Instrument Companies, 1042 
Umted States Gauge Co., 1043 

THERMOMETERS, Indicating 
BeU and Gossett Co., 1046-1047 
Illinois Testing Laboratories, Inc., 
1029 

Johnson Service Co., 1030-1031 
Leeds & Northrup Co., 1032 
Manning, Maxwdl & Moore, Inc., 
1033 

MartoaUo, Jos. A. & Co., 960 
Minneapohs-HoneyweU Regulator 
Co., 1034-1035 
Palmer Company, 1038 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1066-1067 
Taylor Instrument Companies, 1042 
United States Gauge Co., 1043 

THERMOMETERS, Recording 
Leeds & Northrup Co., 1032 
Manning, Maxwell & Moore, Inc., 
1033 

Jas. P. Marsh Corp., 1122-1123 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 
Palmer Company, 1038 
Powers Regulator Co., 1040 
Taylor Instrument Companies, 1042 
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THERMOSTATS 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Automatic Products Corp., 1020 
Barber-Coiman Co., 1003, 1021 
Crane Company, 1076-1077 
Detroit Lubncator Co., 948, 1022- 
1023 

Fulton Sylphon Co., 1024-1025 
General Controls, 1026-1027 
General Electnc Company, 892- 
893, 1000-1001 

Illinois Engineering Co., 1054-1055 
Johnson Service Co., 1030-1031 
Manning, Maxwell & Moore, Inc,, 
1033 

Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Penn Electric Switch Co., 1039 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-106T 
H. A. Thrush & Co.. 1060-1061 
White-Rodgers Elec., 1044 
Young Regulator Co., 1014 

TIN PLATE 
Bethlehem Steel Co., 1016 
Carnegie- Illinois Steel Corp., 1018 
Jones & Laughlin Steel Corp., 1017 

TOWERS. Cooling (See Coding 
Towers) 

TRANSFORMERS 
Detroit Lubricator Co., 948, 1022- 
1023 

General Electric Company, 892- 
893, 1000-1001 
Mercoid Corporation, 1036 
H. A. Thrush & Co., 1060-1061 
Wagner Electnc Corp., 999 
Westinghouse Electric Elevator Co., 
896-897 

TRAPS, Bucket 
Armstrong Machine Works, 1108- 
1109 

Cochrane Corp., 1110 
Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1050 
Illinois Engineering Co., 1054-1065 
Kieley & Mueller, Inc., 1112 
Jas. P. Marsh Corp., 1122-1123 
Mueller Steam Specialty Co., Inc., 
1113 

Sarco Company, Inc., 1056-1057 
Trane Company, 932-933 
Wright-Austin Co., 1114 

TRAPS, Float 

American District Steam Co., 1118, 
1136 

Armstrong Machine Works, 1108- 
1109 

Barnes & Jones, Inc., 1045 
Cochrane Corporation, 1110 
W. B, Connor Engineering Corp., 
942-943, 1004 

Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1050 
Grinndl Co., Inc., 1066-1067, lUl 
William S. Haines & Co.. 1061 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Kieley & Mueller. Inc., 1112 
Mueller Steam Specialty Co., 1113 
Sarco Company, Inc., 1056-1057 
Trane Company, 932-933 
Warren Webster & Co.. 1062-1066 
Wright-Austin Co., 1114 
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TRAPS, Float and Thermostatic 
American District Steam Co., 1118, 
1136 

Armstrong Machine Works, 1108- 
1109 

Barnes & Jones, Inc., 1045 
C. A. Dunham Co., 1048-1050 
Gnnnell Co., Inc., 1066-1067, 1111 
William S. Haines & Co., 1051 
Hoffman Si)eaalty Co., Inc., 1052- 
1053 

Illinois Engineering Co„ 1054-1055 
Jas. P. Marsh Corp., 1122-1123 
Ivlueller Steam Specialty Co., Inc,, 
1113 

Powers Regulator Co , 1040 
Sarco Company, Inc., 1056-1057 
Trane Company, 932-933 
Warren Webster & Co., 1062-1065 
Wright-Austin Co., 1114 

TRAPS, Radiator 
Armstrong Machine Works, 1108- 
1109 

Barnes & Jones, Inc., 1045 
C. A. Dunham Co.. 1048-1050 
Grinnell Co., Inc , 1066-1067, 1111 
WilHam S. Haines & Co., 1051 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Kieley & Mueller, Inc., 1112 
Jas. P. Marsh Corp., 1122-1123 
Sarco Company, Inc.. 1056-1057 
Trane Company, The, 932-933 
Warren Webster & Co., 1062-1065 

TRAPS, Return 
Barnes & Jones, Inc, 1045 
W. B. Connor Engineering Corp., 
942-943, 1004 

Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1050 
GrinneU Co., Inc., 1066-1067, 1111 
Wilham S. Haines & Co., 1051 
Hoffman Specialty Co., Inc., 1052- 
1053 

Illinois Engineering Co.. 1054-1055 
Kiel^ & Mueller, Inc., 1112 
Jas. P. Marsh Corp., 1122-1123 
Mueller Steam Spedalty Co„ Inc., 
1113 

Sarco Company, Inc., 1066-1057 
Trane Company, 932-933 
Warren Webster & Co., 1062-1066 
Wri^tr Austin Co., 1114 

TRAPS, Scale 
Henry Valve Company, 1028 
Illinois Engineering Co.. 1054-1055 
Sarco Company, Inc, 1056-1057 

TRAPS, Steam 

American Distnct Steam Co., 1118, 
1136 

Armstrong Machine Works, 1108- 
1109 

Barnes & Jones, Inc, 1045 
Cochrane Corp., 1110 
W. B. Connor Engineering Corp., 
942-943, 1004 

Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1060 
Grinnell Co., Inc. 1066-1067, 1111 
William S. Haines & Co., 1061 
Hoffman Specialty Co., Inc. 1052- 
1063 

Illinois Engineering Co., 1054-1055 
Kieley & Mueller, Inc., 1112 
Jas. P. Marsh Corp,, 1122-1123 
Mueller Steam Specialty Co., Inc., 
1113 

Sarco Company, Inc, 1056-1057 


Powers Regulator Co . 1040 
Trane Company, 932-933 
Warren Webster & Co., 1062-1066 
Wright-Austin Co., 1114 
Yamall-Waring Co., 1115 

TRAPS, Thermostatic 
American District Steam Co., 1118, 
1136 

Barnes & Jones, Inc., 1045 
Crane Company, 1076-1077 
C. A. Dunham Co., 1048-1050 
Grinnell Co.. Inc, 1066-1067, 1111 
William S. Haines & Co., 1051 
Hoffman Spedalty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Jas. P. Marsh Corp., 1122-1123 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 
Trane Company, 932-933 
Warren Webster & Co., 1062-1065 

TRAPS, Vacuum 
Armstrong Machine Works, 1108- 
1109 

Barnes & Jones, Inc., 1045 
C. A. Dunham Co.. 1048-1050 
Grinnell Co.. Inc, 1066-1067, 1111 
WilUam S. Haines & Co.. 1051 
Hoffman Spedalty Co., Inc., 1052- 
1053 

Illinois Engineering Co., 1054-1055 
Kieley & Mueller, Inc , 1112 
Mueller Steam Spedalty Co., Inc., 
1113 

Sarco Company, Inc., 1056-1067 
Trane Company, 932-933 
Warren Webster & Co., 1062-1065 
Wrightr Austin Co., 1114 
TUBE CLEANERS 
Martocello, Jos. A. & Sons, 960 
TUBES, BoOer 
Babcock & Wilcox Co., 1074 
Bethlehem Steel Co., 1016 
Camegie-Illmois Sted Corp., 1018 
Farrar & Trefts, Inc, 1080 
Jones & Laughlin Sted Corp., 1017 

TUBES, Copper 

American Brass Company, 1126- 
1127 

Wolverine Tube Div., Calumet and 
Heda Consolidated Copper Co., 

1125 

TUBES, Pitot (S«s Air Measuring 
and Recording Instruments) 

TUBING, Aluminum 
Reynolds Metals Co., Inc., 1166 
Revere Copper & Brass, Inc, 1130 
Wolverine Tube Div.. Calumet and 
Heda Consolidated Copper Co., 

1126 

TUBING, Copper 
American Brass Company, 1126- 
1127 

Mudier Brass Co., 1122-1123 
Revere Copper & Brass, Inc, 1130 
Wolverine Tube Div., Calumet and 
Heda Consolidated Copper Co., 
1125 

Young Regulator Co., 1014 
TUBING, Fabricated 
American Brass Company, 1126- 
1127 

Bethlehem Steel Co., 1016 
Arthur Harris & Co., 1124 
Wolverine Tube Div., Calumet and 
Heda Consolidated Copper Co., 
1125 


TUBING, Flexible Metallic iSee 
also Conduit, flexible) 

American Brass Company, 1126- 
1127 

Amencan Radiator & Standard 
Samtary Corp., 1072-1073 

TUBING, Plastic 
Dow Chemical Company, 1131 
TUBING, Steel 
Babcock & Wilcox Co., 1074 
Bethlehem Steel Co., 1016 
Jones & Laughlin Steel Corp., 1017 
Revere Copper & Brass, Inc., 1130 
Young Regulator Co., 1014 

TURBINES 

Coppus Engineering Corp., 944 
General Electric Company, 892- 
893, 1000-1001 

B. F. Sturtevant Co., 995-997 
L. J. Wing Mfg. Co.. 934-936 . 
Worthington Pump & Machinery 
Co.. 974-975 

UNDERGROUND PIPE CON- 
DUITS {See Conduits, Under- 
ground Pipe) 

UNIT HEATERS (See Heaters, 
UnU) 

UNIT VENTILATORS {See Venti- 
lators, Unit) 

UNITS, Air Conditioning (S«tf 
Air Conditioning Units) 

V-BELT DRIVES 
American Coolair Corp., 978-979 
Fnck Company, 969 
Worthington Pump & Machinery 
Corp., 974r975 

VACUUM HEATING SYSTEMS 
{See Beating Systems, Vacuum) 

VALVES, Air 

American Radiator Sr Standard 
Sanitary Corp., 1072-1078 
Anderson Products, Inc., 1119 
Armstrong Machine Works, 1108- 
1109 

Burnham Boiler Corp., 1075 
Crane Company, 1076-1077 
Curtis Refrigerating Machine Co., 
Div. of Curtis Mig. Co„ 968 
Detroit Lubricator Co., 948, 1022- 
1023 

Dole Valve Company, 1120 
Hoffman Spedalty Co., Inc., 1052- 
1053 

Jenkdns Bros., 1121 
Kidey & Mu^er, Inc., 1112 
Manning, Maxwell & Moore, Inc,, 
1033 

Spence Engineering Co„ 1041 
Trane Company, 932-933 
Wright-Austin Co.. 1114 

VALVES, Angle, Globe and 
Cross 

American Brass Company, 1126- 
1127 

Baker Ice Machine Co., 966 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

Frick Company, 969 
Grinnell Co., Inc., 1066-1067, 1111 
Henry Valve Company, 1028 
Jenkins Bros., 1121 
Vilter Manufacturing Co., 973 
Worthington Pump & Machinery 
Co„ 974-975 
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VALVES» Automatic 
Alco Valve Company, Inc., 1019 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Anderson Products, Inc., 1119 
Automatic Products Corp., 1020 
Baker Ice Machine Co., 906 
Barber-Colraan Co., 1003, 1021 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

Dole Valve Company, 1120 
Fedders Manufacturing Co., 918 
Frick Company, 969 
Fulton Sylphon Co., 1024-1025 
General Controls, 1026-1027 
Johnson Service Co., 1030-1031 
Kieley & Mueller, Inc., 1112 
Manning, Maxwell & Moore, Inc., 
1033 

McDonnell & Miller, 1070-1071 
Mmneapolis-Honeywell Regulator 
Co.. 1034-1036 

Penn Electnc Switch Co., 1039 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 
Spence Engineering Co., 1041 
Trane Company, 932-933 
Warren Webster & Co., 1062-1065 
Webster Engineering Co., 1101 


VALVES, Back Pressure 
Alco Valve Company, 1019 
Baker Ice Machine Co., 968 
Cochrane Corp., 1110 
Crane Company, 1076-1077 
IBinois Engineering Co., 1054-1056 
Jenkins Bros., 1121 
Kieley & MueBer, Inc., 1112 
Mueller Steam Specialty Co., 1113 
Spence Engineering Co., 1041 
Taylor Instrument Compames, 1042 


VALVES, Balanced 
Crane Company, 1076-1077 
General Controls, 1026-1027 
Henry Valve Company, 1028 
IllincHS Engineering Co., 1054-1055 
Jenkins Bros., 1121 
Kieley & Mueller, Inc., 1112 
Mueller Steam Specialty Co., 1113 
Spence Engineering Co., 1041 

VALVES, Blow-off 
Cochrane Corp., 1110 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

Henry Valve Company, 1028 
Jenkins Bros., 1121 
Kieley & MueUer, Inc., 1112 
Manning, Maxwell & Moore, Inc,, 
1033 

McDonneB & Miller, 1070-1071 
yarnall-Wanng Co., 1115 

VALVES, By-Pass 
Crane Company, 1076-1077 
Henry Valve Company, 1028 
Jenkins Bros., 1121 
Johnson Service Co., 1030-1031 
Manning, Marwell & Moore, Inc., 
1033 

VALVES, Check 
Cochrane Corporation, 1110 
Crane Company, 1076-1077 
Fedders Manufacturing Co., 918 
Frick Company, 969 
Grinnell Co.. Inc-, 1066-1067, 1111 
Henry Valve Company, 1028 
Illinois Engineering Co., 1054-1066 
Jenkins Bros., 1121 


Kieley & Mueller, Inc., 1112 
Manning, Maxwell & Moore, Inc., 
1033 

Mueller Brass Co., 112S-1129 
Taco Heaters, Inc., 1058-1059 
Warren Webster & Co., 1062-1065 

VALVES, Diaphragm 
Alco Valve Company, 1019 
American Moistemng Co , 955 
General Controls, 1026-1027 
GrinneH Co., Inc., 1066-1067, 1111 
Henry Valve Company, 1028 
Illinois Engineering Co., 1054-1055 
Johnson S^ice Co., 1030-1031 
Kieley & Mueller, Inc., 1112 
Manning, Maxw^ & Moore, Inc., 
1033 

Mmneapolis-Honeywell Regulator 
Co.. 1034-1035 
Mueller Brass Co., 1128-1129 
MueUer Steam Spedalty Co., 1113 
Parks-Cramer Co., 895 
Powers Regulator Co., 1040 
Taylor Instrument Companies, 1042 
H. A. Thrush & Co.. 1060-1061 
White- Rodgers Electric Co., 1044 

VALVES, Expansion 
Alco Valve Company, Inc., 1019 
Automatic Products Corp., 1020 
Crane Company, 1076-1077 
Detroit Lubricator Co„ 948, 1022- 
1023 

Fedders Manufacturing Co., 918 
Frick Company. 969 
Fulton Sylphon Co., 1024-1026 
Henry Valve Company, 1028 
Spence Engineering Co., 1041 

VALVES, Float 
Alco Valve Company, Inc., 1019 
Anderson Products, Inc., 1119 
Baker Ice Machine Co., 966 
Cochrane Corp., 1110 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

Dole Valve Company, 1120 
Frick Company, 969 
General Controls. 1026-1027 
General Electric Company, 892- 
893, 1000-1001 

Illinois Engineering Co., 1054-1055 
Kieley & MueUer, Inc., 1112 
McDonnell & Miller, 1070-1071 
Mueller Steam Spedalty Co., 1113 
Spence Engineering Co., 1041 
Trane Company, 932-933 
Vilter Manufacturing Co., 973 

VALVES, Flow Control 
BeU and Gossett Co„ 1046-1047 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

C. A. Dunham Co., 1048-1050 
Frick Company, Inc., 969 
General Controls, 1026-1027 
General Electric Company, 892- 
893, 1000-1001 

Hoffman Spedalty Co., Inc., 1062 
1063 

Illinois Engineering Co., 1054-1055 
Kieley & MueUer, Inc., 1112 
Manning, Maxwdl & Moore, Inc., 
1033 

McDonneU & Miller, 1070-1071 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Mueller Steam Spedalty Co„ Inc,, 
1113 

Powers Regulator Co , 1040 
Spence Engineering Co., 1041 


Taco Heaters, Inc , 1058-1059 
Taylor Instrument Companies. 1042 
H. A. Thrush & Co.. 1060-1061 
Warren Webster & Co , 1062-1065 

VALVES, Gate 

American Brass Company, 1126- 
1127 

Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

GrinneU Co., Inc., 1066-1067, 1111 
Jenkins Bros., 1121 
Manning, MaxweU & Moore, Inc., 
1033 

Mueller Brass Co., 1128-1129 
United States Radiator Corp., 1092- 
1093 

VALVES. Hydraulic 
Crane Company, 1076-1077 
G^eral Controls, 1026-1027 
Jenkins Bros., 1121 
Manning, Maxwell & Moore, Inc., 
1033 

Yamall-Waring Co., 1115 
VALVES, Magnetic 
Alco Valve Company, Inc., 1019 
Automatic Products Corp., 1020 
Barber-Colman Co., 1003, 1021 
Detroit Lubricator Co., 948, 1022- 
1023 

Frick Company, 969 
General Controls, 1026-1027 
General Electric Company, 892- 
893, 1000-1001 

McDonnell & Miller, 1070-1071 
Mercoid Corporation, 1036 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 

Penn Electnc Switch Co., 1039 
Spence Engineering Co., 1041 

VALVES, Mixing, Thermostatic 
Barber-Colman Co., 1003, 1021 
Dole Valve Company, 1120 
Fulton Sylphon Co., 1024-1025 
Johnson Service Co., 1030-1031 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 
H. A. Thrush & Co., 1060-1061 

VALVES, Motor Op^ted 
Barber-Colman Co., 1003, 1021 
Bell and Gossett Co., 1046-1047 
Illinois Engineering Co., 1054-1055 
Warren Webster & Co., 1062-1065 
General Controls, 1026-1027 

VALVES, Non-Return 
Crane Company, 1076-1077 
Fedders Manufacturing Co., 918 
Frick Company, 969 
Illinois Engineering Co., 1054-1055 
Jenkins Bros., 1121 
Kieley & MueUer. Inc., 1112 
Manning, MaxweU & Moore, Inc., 
1033 

VALVES, Packless 
Alco Valve Company, 1019 
Barnes & Jones, Inc., 1045 
Detroit Lubricator Co., 948, 1022- 
1023 

C. A. Dunham Co., 1048-1050 
Fulton Sylphon Co„ 1024-1026 
General Controls, 1026-1027 
Henry Valve Company, 1028 
Hoffman Spedalty Co., Inc.. 1052> 
1053 

Illinois Engineering Co., 1054-1055 
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Jas. P. Marsh Corp., 1122-1123 
Mueller Brass Co., 1128-1129 
Trane Company, 932-933 
United States Radiator Corp., 1092- 
1093 

VALVES, Pressure Reducing 
Regulators^ Pressure) 
VALVES, Pump 
Crane Company, 1076-1077 
Jenkins Bros,, 1121 
Trane Company, The, 932-933 

VALVES, Purge 

Henry Valve Company, 1028 

Mueller Brass Co., 1128-1129 

VALVES. Radiator 
American District Steam Co., 1118, 
1136 

American Radiator & Standard 
Samtary Corp., 1072-1073 
Anderson Products, Inc., 1119 
Barnes & Tones, Inc., 1045 
Bell and Gossett Co., 1046-1047 
Burnham Boiler Corp., 1075 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

Dole Valve Company, 1120 
C. A, Dunham Co., IMS- 1050 
Fulton Sylphon Co., 1024-1025 
General Controls, 1026-1027 
Grinnell Co., Inc, 1066-1067, 1111 
WiUiam S. Haines & Co., 1051 
Hoffman Specialty Co., Inc., 1052- 
1063 

Illinois Engineering Co., 1054-1055 
Jenkins Bros., 1121 
Jas. P. Marsh Corp., 1122-1123 
Minneapolis-Honeywell Regulator 
Co., 1034-1035 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 
Trane Company, 932-933 
Umted States Radiator Corp., 1092- 
1093 

Warren Webster & Co., 1062-1066 

VALVES, Radiator, Electric 
Motor Operated 
Barber-Colman Co., 1003, 1021 
Fulton Sylphon Co., 1024-1025 
General Controls, 1026-1027 
General Electric Company, 892- 
893, 1000-1001 

Illinois Engineering Co., 1054-1055 
Jenkins Bros., 1121 
Minneapolis-Honeywell Regulator 
Co„ 1034-1035 

Sarco Company, Inc., 1056-1057 
VALVES, Radiator Orifice 
American Radiator & Standard 
Sanitary Corp., 1072-1073 
Barnes & Jones, Inc., 1045 
Detroit Lubricator Co., 948, 1022- 
1023 

C. A. Dunliam Co., 1048-1050 
GrinneU Co., Inc.. 1066-1067, 1111 
WiUiam S. Haines & Co.. 1051 
Hoffman Specialty Co., In&, 1052- 
1063 

lUmois Engineering Co., 1064-1055 
Sarco Company, Inc., 1056-1057 
Trane Company, 932-933 
Warren Webster & Co., 1062-1066 

VALVES, Radiator, Pneumatic 
Diaphragm 

BeU and Gossett Co., 1046-1047 
Johnson Service Co., 1030-1031 
Minneapolis-HoneyweU Regulator 
Co., 1034-1036 


Powers Regulator Co., 10*10 
Taylor Instrument Compames, 1042 

VALVES, Refrigerant Line 
Alco Valve Company, Inc., 1019 
Armstrong Machine Works, 1108- 
1109 

Automatic Products Co., 1020 
Baker Ice Machine Co., 966 
Frick Company, Inc., 969 
General Controls, 1026-1027 

Henry Valve Company, 1028 
Mueller Brass Co., 1128-1129 
Vilter Manufactunng Co., 973 
Worthington Pump & Machinery 
Co., 974-975 
York Corporation, 899 

VALVES, Reducing 
Bell and Gossett Co., 1046-1047 
General Controls, 1026-1027 
Illinois Engineering Co., 1054-1055 
Mueller Steam Specialty Co.. 1113 
Spence Engineering Co., 1041 
H. A. Thrush & Co.. 1060-1061 

VALVES, Relief 
Baker Ice Machine Co., 966 
Bell and Gossett Co., 1046-1047 
Cochrane Corp,, 1110 
Crane Company, 1076-1077 
Frick Company, 969 
GrinneU Co.. Inc., 1066-1067. 1111 
Henry VsJve Company, 1028 
Illinois Engineering Co., 1064-1055 
Kieley & MueUer, Inc., 1112 
Manning, Maxwell & Moore, Inc., 
1033 

Jas. P. Marsh Corp., 1122-1123 
McDonnell & MiUer, 1070-1071 
Mueller Brass Co., 1128-1129 
Mueller Steam Specialty Co., 1113 
Taco Heaters, Inc., 1068-1059 
Trane Company, 932-933 
H. A. Thrush & Co., 1060-1061 
United Stat^ Radiator Corp., 1092- 
1093 

VALVES, Safety 
American Radiator & Standard 
Sanitary Corp,, 1072-1073 
Baker Ice Machine Co., 966 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

Frick Company, Inc., 969 
General Controls, 1026-1027 
Henry Valve Company, 1028 
Jenkins Bros., 1121 
Kieley & Mueller, Inc,, 1112 
Manning, Maxwell & Moore, Inc., 
1033 

McDonneU & MiUer. 1070-1071 
D. J. Murray Mfg. Company, 923 
Spence Engineering Co., 1041 
United States Radiator Corp., 1092- 
1093 

VALVES, Solenoid 
Alco Valve Company, Inc., 1019 
Anderson Products, Inc., 1119 
Automatic Products Corp., 1020 
I Barber-Colman Co., 1003, 1021 
Detroit Lubricator Co., ^8, 1022- 
1023 

! Frick Company, Inc., 969 
Fulton Siphon Co., 1024-1025 
' General Controls, 102^1027 
General Electric Company, 892- 
893. 1000-1001 

McDonneU & MiUer. 1070-1071 
‘ Minneapolis-HoneyweU Regulator 
Co.. 1034-1035 


Penn Electnc Switch Co., 1030 
Spence Engineenng Co., 1041 
Trane Company. 932-933 
White-Rodgers Electric Co., 1044 

VALVES, Stop and Check (See 
Valves, Non-Reiurn) 

VALVES, Thermostatic 
Alco Valve Company, Inc.. 1019 
Anderson Products, Inc., 1119 
Automatic Products Corp., 1020 
Barber-Colman Co., 1003, 1021 
Barnes & Jones, Inc., 1045 
BeU and Gossett Co.. 1046-1047 
Detroit Lubricator Co., 948, 1022- 
1023 

Dole Valve Company, 1120 
Fedders Manufacturing Co., 918 
Fulton Sylphon Co., 1024-1025 
General Controls, 1026-1027 
General Electnc Company, 892- 
893,1000-1001 ^ 

Gnnnell Co., Inc.. 1006-1067, 1111 
Illinois Engineenng Co., 1054-105o 
Johnson Service Co., 1030-1031 
Manning, MaxweU & Moore, Inc., 
1033 

Minneapolis-HoneyweU Regulator 
Co.. 1034-1035 

Penn Electric Switch Co„ 1039 
Powers Regulator Co., 1040 
Sarco Company. Inc., 1056-1057 
Spence Engineering Co., 1041 
Taylor Instrument Companies, 1042 
Trane Company, 932-933 
White-Rodgers Elec. Co , 1044 
Yamall-Waring Co., 1115 
VALVES. Water Regulating 
Automatic Products Corp., 1020 
BeU and Gossett Co., 1046-1047 
Cochrane Corporation, 1110 
Crane Company, 1076-1077 
Detroit Lubricator Co., 948, 1022- 
1023 

Fulton Sylphon Co., 1024-1025 
Jenkins Bros., 1121 
Johnson Service Co., 1030-1031 
Kieley & MueUer, Inc., 1112 
Manning, MaxweU & Moore, Inc., 
1033 

McDonneU & MiUer, 1070-1071 
Minneapolis- Honeyw^ Regulator 
Co., 1034-1035 _ ^ 

Mueller Steam Specialty Co., 1113 
Penn Electric Switch Co., 1039 
Powers Regulator Co., 1040 
Spence Engineering Co., 1041 
H. A. Thrush & Co., 1060-1061 

VAPOR HEATING SYSTEMS 
(See Heating Systems, Vapor) 
VENTILATORS, Attic (See also 
Fans, Bledric, Propter and £»- 
haust) 

Air Controls, Inc., 976 
American Blower Corp., 884-885 
Amencan Coolair Corp., 078-979 
Autovent Fan & Blower Div., 
Hm-man Nelson Corp., 929 
Buffalo Forge Co., 981 
Burnham Boiler Corp., 1075 
Champion Blower & Forge Co., 982 
Clarage Fan Co., 890 
DeBothezat Division, Amencan 
Machine & Metals, Inc,, 983 
G^ Wood Industries, Inc,, 912 
General Electric Company, 892- 
893, 1000-1001 

Ilg Electric Ventilating Co., 919, 
0 31 9 85 

La-Del 'Conveyor & Mfg. Co., 986- 
987 


Numerals following Manufacturers* Names refer to pages in the Catalog Data Section 
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Lau Blower Company, 988 
Propellair, Inc,, 991 
H. J. Somers, Inc., 952 
B. F. Sturtevant Co., 995-997 
Torrington Mfg. Co., 992-994 
United States Air Conditioning 
Corp., 898 

United States Register Co , 1011 
Wagner Electric Corp., 999 
L. J. Wing Mfg. Co., 934-936 

VENTILATORS, Floor and Wall 
American Blower Corp., 884-885 
American Coolair Corp., 978-979 
Anemostat Corp. of America, 1002 
Barber-Colman Co.. 1003, 1021 
Coppus Engineering Corp., 944 
DeBothezat Division, American 
Machine & Metals, Inc,, 983 
Hart & Cooley Mfg. Co., 1006-1007 
Hendrick Mfg. Co.. 1008 
Independent Register Co., 1009 
Ilg Electric Ventilating Co., 919, 
984-985 

L, J. Mueller Furnace Co., 908-909 
Register & Grille Mfg. Co.. 1010 
B. F. Sturtevant & Co., 995-997 
TutUe & BaUey, Inc,, 1012-1013 
United States Register Co., 1011 
Wagner Electric Corp., 999 

VENTILATORS, Mushroom 
American Blower Corp., 884-885 
Clarage Fan Company, 890 
Coppus Engineenng Co.. 944 
L. J. Mueller Furnace Co., 908-909 
Tuttle & Bailey, Inc., 1012-1013 
L. J. Wing Mfg. Co.. 934-936 

VENTILATORS, Roof 
Air Controls, Inc., 976 
Airthenn Mfg. Co., 914 
Alien Corporation, 977 
American Coolair Corp., 978-979 
American 3 Way-Lusfer Prism Co., 
1132 

Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Carrier Corporation, 888-889 
DeBothezat Division, American 
Machine & Metals, Inc., 983 
General Electric Company, 892- 
893, 1000^1001 
Johns-Manville, 1148-1149 
Ilg Electric Ventilating Co., 919, 
984-985 

New York Blower Co., 990 
Propellair, Inc., 991 
B. F. Sturtevant Co , 995-997 
Trane Company, 932-933 
L. J. Wing Mfg. Co., 934-936 
Young Radiator Company, 937 

VENTILATORS, Ship 
Airthenn Mfg. Co., 914 
Allen Corporation, 977 
American Foundry & Furnace Co., 
900-901 

Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Carrier Corporation, 8^889 
Coppus Engineering Corp., 944 
DeBothezat Division, American 
Machine & Metals, Inc., 983 
General Electric Company, 892- 
893, 1000-1001 

Ilg Electric Ventilating Co., 919, 
984-985 

Johns-Manville, 1148-1149 
X^-Del Conveyor & Mfg. Co., 986- 
987 

New York Blower Co., 990 
B. F. Sturtevant Co., 995-997 

Please mentio 


Trane Compan 5 % 932-933 
L. J. Wing Mfg. Co.. 934-936 
Young Radiator Company, 937 

VENTILATORS, Unit 
American Blower Corp., 884-885 
American Coolair Corp., 978-979 
Buffalo Forge Company, 981 
Carrier Corporation, 888-889 
W. B. Connor Engineering Corp., 
942-943, 1004 

Ilg Electric Ventilating Co., 919, 
9 81 935 

Herman Nelson Corp., 928-929 
John J. Nesbitt, Inc., 930 
New York Blower Co., 990 
B, F. Sturtevant Co., 995-997 
Trane Company, The, 932-933 
L. J. Wing Mfg. Co.. 934-936 
Young Radiator Company, 937 

VENTILATORS, Window 
Air Controls, Inc., 976 
American Air Filter Co., 940-941 
Amencan Blower Corp., 884-885 
American Coolair Corp., 978-979 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Buffalo Forge Company, 981 
Gamer Corporation, 888-889 
Coppus Engineering Corp., 944 
Davies Air F^ilter Corp., 945, 1006 
Ilg Electric Ventilating Co., 919, 
984-985 

Libby-Owens-Ford Glass Co., 1135 
Pittsburgh Coming Corp., 1134 
H. J. Somers, Inc., 952 
B. F. Sturtevant Co., 995-997 
Wagner Electric Corp,, 999 

VIBRATION ABSORBERS (See 
also Sound Deadening) 

American Brass Company, 1126- 
1127 

Armstrong Cork Company, 1141 
Celotex Corporation, 1143 
Johns-Manville, 1148-1149 
Lockport Cotton Batting Co., 1152 
Mundet Cork Company, 1153 
United States Gypsum Co., 1158- 
1159 

WALLBOARD, Insulating 
Armstrong Cork Company, 1141 
Celotex Corporation, 1143 
Insulite Company, 1146-1147 
Johns-Manville, 1148-1149 
United States Gypsum, 1158-1169 
Wood Conversion Company, 1160 

WARM AIR FURNACES (See 
Furnaces, Warm Atr) 

WARM AIR HEATING SYS- 
TEMS (See Heating Systems, 
Furnace) 

WASHERS, Air (See Air Washers) 

WATER COOLING (See also Cool- 
ing Equipment, Water; Cooling 
Towers) 

Acme Industries, Inc., 961 
Air^np Div., Chrysler Corp,, 906- 

Ap^ Showers Co., 956 
Baker Ice Machine Co., 966 
Camer Corporation, 888-889 
Curtis Refngerating Machine Co., 
Div. of Curtis Mfg. Co., 968 
DeBothezat Division, American 
Machine & Metals, Inc., 983 
Frick Company, Inc., 969 
General Electric Company, 892- 
893, 1000-1001 

n THE GUIDE 1944 when writing 


Kramer Trenton Co., 920-921 
Lilie-HoffmanCoohng Towers, Inc., 
957 

Marley Co., Inc., 958 
McQuay, Incorporated, 924-925 
Refrigeration Ewnomics Co., 931 
B. F. Sturtevant Co., 995-997 
Trane Company, The, 932-933 
United States Air Conditioning 
Corp., 898 

Universal Coolair Corp., 972 
Vilter Manufacturing Co., 973 
Water Cooling Equipment Corp., 
959 

Worthington Pump & Machinery 
Corp., 974-975 
York Corporation, 899 
Young Radiator Company, 937 

WATER COOLING TOWERS 
Cooling Towers, Water) 

WATER FEEDERS (See Feeders. 
Water) 

WATER HEATERS (See Heaters. 
Had Water Service) 

WATER MIXERS, 

Thermostatic 
Dole Valve Company, 1120 
Fulton Sylphon Co., 1024-1025 
Powers Regulator Co., 1040 
Sarco Company, Inc., 1056-1057 

WATER TREATMENT 
American Blower Corp., 884-885 
Cochrane Corp., 1110 
Research Products Corp., 949 
Vinco Company, Inc., 1068-1069 

WEATHER INSTRUMENTS, 
Indicating and Recording 
Johnson Service Co., 1030-1031 
Leeds & Northrup Co., 1032 
Palmer Company, The, 1038 
Powers Regulator Co., 1040 
Taylor Instrument Companies, 1042 

WELDING, FITTINGS (See Fit- 
tings, Welding) 

WELDING ROD 
American Brass Company, 1126- 
1127 

Camegie-Illinois Steel Corp., 1018 
General Electric Company, 892- 
893, 1000-1001 

Revere Copper & Brass, Inc., 1130 
WHEELS, Blower 
Air Controls, Inc., 976 
Amencan Blower Corp., 884-885 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 929 
Bayley Blower Company, 980 
Buffalo Forge Company, 981 
Champion Blower & Forge Co., 982 
Clarage Fan Company, 890 
Hastings Air Conditioning Co., 891 
Lau Blower Co., 988 
Morrison Products, Inc., 989 
L. J. Mueller Furnace Co., 908-909 
B. F. Sturtevant Co., 995-997 
Torrington Mfg. Co., 99^994 
United States Air Conditioning 
Corp., 898 

WHEELS, Spray (See Spray 
Equipment) 

WINDOWS, Supplementary 
Sash 

Libby-Owens-Ford Glass Co., 1135 
Pittsburgh Corning Corp., 1134 

to Advertisers 
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CATALOG DATA SECTION 


CONTENTS 

AIR CONDITION'EE'iC— Pages 833-9S7 

Equipment for complete air conditioning systems — apparatus for air circulation, air cleaning 
and heat transfer, with control apparatus for maintaining temperature and humidity Systems 

for all-year, winter, and summer service, and special processing work 

Central Systems Assembly of supply and return ducts serving one or more spaces, connected with 
some or all of the following equipment fans, motors, heat transfer surfaces, humidifiers, dehumidi- 
fiers, refrigeration machinery, air cleaning devices and control equipment Design procedure is 
given in Chapter 21 of the Technical Data Section 

Direct Fired Units Automatic heating and comfort air conditioning apparatus, oil, gas or coal heating 
units Technical data in Chapters 12, 19 and 20 

Fan-Furnace Systems Automatic fan-furnace systems for winter air conditioning and summer ventila- 
tion These installations clean, heat and humidify the air; auxiliary units will provide cooling 
Technical data in Chapter 20 

Unit Heaters, Coolers, etc Self-contained units— Unit Heaters, Ventilators, Humidifiers, Conditioning 
and Cooling Units and Attic Fans Technical data in Chapters 22 and 23 

AIR SYSTEM EQUIPMENT— Pages 938-1018 

The essential paits and accessories for heating, cooling and ventilating systems 

Air Filters end Cleaners Mechanical and electrical methods of filtering, also air washing and purify- 
ing apparotus and their applications Technical date in Chopter 29 

Humidifying Units. For supplying moisture and controlling its volume Technicol data In Chapter 24 

Cooling Towers and Spray Equipment: For cooling and reclaiming water used in industrial processes 
and cir conditioning Technicol data in Chapter 27 

Heat Transfer Surfaces As parts of heating and cooling units, and for separate use in industrial and 
commercial heating and cooling systems Technical data in Chapter 26 

Condensing Units and Refrigerotmg Machinery For cooling purposes in industrial, commercial ond 
comfort air conditioning service Technical data m Chapter 24 

Fans and Blowers. For use as separate air circulating equipment, or as parts of heating and air 
conditioning units Technical data in Chapters 23 and 30 

Motors: Used in coniunction with blowers, fans, stokers, oil burners and other heating, cooling and 
alt conditioning apparatus Technical data in Chapter 36 

Registers and Grilles* Air diffusion equipment for use with heating, ventilating and air conditioning 
systems. Technical data in Chapters 31 and 32 

Sheet Metal and Tubular Products* Sheets for air ducts and enclosures; pipes for gas, refrigerants, 
steam, water, etc Technical data on air ducts in Chapter 32; on pipe and piping in Chap- 
ters 15 and 17. 
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CONTENTS— Continued 


CONTROLS AND INSTRUMENTS — Pages 1019-1044 

Automatic controls for heating, ventilating, and air conditioning equipment, and for refrig- 
erating equipment used in air conditioning operations. Instruments for determining the 

capacity and operating efficiency of apparatus. 

Controls; Thermostats— room, immersion, insertion and surface types; humidity controls, pressure con- 
trollers, damper motors, control valves, solenoid valves, relays, etc Technical data in Chapter 34. 

Instruments: Gauges, meters, recorders ond indicators, hygrometers, pyrometers, psychrometers, ther- 
mometers, volometers. Technical data in Chapter 35. 

HEATING SYSTEMS— Pages 1045-1131 

Steam and hot water heating systems with parts and accessories classified according to 

specific type of design and service required. These include: 

Heating Systems: Combinations of parts forming steam, vapor and vacuum systems and hot water 
systems. Technical data on steam heaHng in Chapter 14; hot water heating in Chapter 16. 

Boilers: Water tube, fire tube and firebox types; cast iron and steel construction; for coal, coke, gas 
or oil firing. Technical data in Chapter 13. Steam and hot water radiators and convectors. 
Technical data in Chopter 13. 

Burners: Automatic fuel burning equipment; gos burners, oil burners, stokers. Technical data in 
Chapter 10. 

Pumps: For use with heating systems, and ether purposes in heating, ventilating and air conditioning 
service; for handling air, gases, ammonia, brine and other refrigerants. Technical data on 
pumps will be found in the Technical Data Index. 

Specialties: Feed water devices, pressure and draft regulators, combustion, controls, strainers, traps, 
valves, etc References to technical data in Hie index. 

Pipe and Fittings: iron, steel, wrought iron, copper, brass— seamless or welded; and plastic materials. 
Technical data in Chopter 17. 


INSULATION— Pages 1132-1160 

Materials for insulating purposes — in their natural state or processed and fabricated into 

various forms — include: Vegetable fibres, wood, tree bark, corks; natural wools, jute, hair; 

glass in block, sheet, or wool forms. 

Mineral and furnace slags — processed into wool form; metallic insulation, such as aluminum 

and steel in sheet form. 

Building: Aluminum, paper, felts, cork, glass, mineral wools, cane fibre, wood, fibre— all utilized as 
insulation against heat or cold. Technical data in Chapter 4. 

Sound Deadening: Insulating materials for sound deadening or acoustical control; also for use on 
machinery and in buildings to counteract or absorb vibration. Technical dato in Chapter 33. 

Underground: Asbestos, asphalt, cotton, mineral wools, magnesia— used in confunctien with under- 
ground piping and conduits of concrete. Hie or cast iron. Technical data in Chapter 18. 

Pipes and Surfdces: Asbestos, magnesia, and mineral wools, hair, felts, and cork. Technical data in 
Chapter 18. Also used as refractory materials. 

Ducts: Insulating materials fabricated into board or slab forms and adapted for use as duct insula- 
tion— or to construct the walls of the duct itself. Technical data in Chapter 18. 

Window, Glass Blocks, Skylights; Multiple-pane insulating window sash; Glass blocks for outside 
walls and partitions. Technical data in Chapter 7. 

PUBLICATIONS— Pages 1161-1168 

Specialized trade and technical papers serving a specific branch of the industry; general publications 
serving the broader field of the entire industry and profession. 
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Central 

Systems 


Air & Refrigeration Corporation 

475 Fifth Avenue, New York City 

Atlanta, Ga. Detroit, Mich. 



CAPILLARY AIR CONDITIONERS 



Standard Capillary cell. CtU-away section showing 
oriented glass filaments. Size: £0 in x £0 tn. x Bin 

Air Conditioning Engineers and In- 
dustrial Engineers responsible for air 
conditioning should be familiar with 
the uses of this advanced equipment. 

The standard Capillary cell is the 
basic element in all Capillary conditioners. 
The patented arrangement of glass fila- 
ments, essentially parallel to the now of air 
and water through the cell, accounts for the 
highly efficient heat transfer between air 
and water as well as low resistance. At the 
same time, the cells act as an efficient air 
cleaner and the arrested dirt is continuously 
flushed from the cell. 

As a simple air washer, humidifier or 
evaporative cooler. Class I Capillary con- 
ditioners call for the recirculation of only 
3 gpm per 1000 cfm distributed over the 
cells at 6 lbs nozzle pressure. The satu- 
ration efficiency is 97 per cent. Less 
efficient spray washers require 15 gpm or 
more at 20 lbs nozzle pressure. 

A single stage of Capillary cells equals 
or exceeds in cooling and dehumidifying 
capacity a 2-bank spray type dehumidifier. 

Other Capillary types offer true 
counterflow performance with leaving 
cooling water temperature exceeding that 
of leaving air. 

Where a closed system for the cooling 
medium is required (direct expansion, 
brine or cold water), Capillaries are 
offered with suitable coils after the 
Capillary cells. No filters are required. 
Coils are kept clean and evaporative cool- 
ing is available whenever entering wet- 
bulb conditions permit. 

Simple, continuous water treatment is 
available to protect steel coils and other 
metal parts against corrosion. 



A standard Size 6-5 Class I Capillary CerUral 
Station Installation. 

Varied uses for Capillary con- 
ditioners are suggested by the intimate 
contact of fluid and gas passing through 
the cells. Among these are: condenser 
water cooling; fume absorption, aeration 
and concentration; air sterilization with 
agents added to water. 

Capillary conditioners of all classes are 
made in central station units ranging from 
2200 cfm to 132,000 cfm or larger. As- 
sembled units including fans, heaters, 
coils, pump, insulated casing, etc., suitable 
for suspension or floor mounting range 
from 4000 to 16,000 cfm. 



A standard Size S-4 Capillary unit air conditioner 
complete in insulated casing. Capacity 16,000 afm. 


Capillary conditioners used for cooling and dehumidifying save stragetic 
materials. Submit design and capacity for specific recommendations or write 
for catalog and engineering data. 
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Systems 


American Blower Corporation 

P. 0. Box 58, Roosevelt Park Annex, Detroit 32, Michigan 

CANADIAN SIROCCO COMPANY, LTD. 
in Canada, 310 Ellis Street, Windsor, Ontario 

Branch Offices in Principal Cities 

Division of American Radiator and Standard Sanitary Corporation 


AIR CONDITIONING — HUMIDIFYING — DEHUMIDIFYING — COOLING 
VENTILATING — HEATING — VAPOR -ABSORPTION — DRYING — AIR 
WASHING AND PURIFICATION — EXHAUSTING EQUIPMENT AND 
MECHANICAL DRAFT APPARATUS 



Double Inlet “ABC” 
Multiblade Fan — above, is 
a heavy duty ventilating fan. 
Its wheel has narrow, forward 
pitched blades. Low tip 
speeds assure quiet operation. 
Request Bulletin A-701. 
Write for Bulletin A-403 for 
backwardly inclined, non- 
overloading H. S. Fan. 


Commercial V-Belt Drive 
Ventura Fans — for ventilating 
applications without duct sys- 
tems, where extremely quiet 
operation is desired. Inlet-outlet 
streamlined for high efficiency. 
Also direct connected. Request 
Bulletin B-2529. 



“ABC’’ Utility Sets— 
right, complete packaged 
units, direct connected 
or V-Belt short couiDled 
drive, for duct applica- 
tions. Famous “ABC” 
Multiblade Wheel oper- 
ates at low tip speeds. 
Quiet, compact. Bul- 
letin B-2529. 




American Blower Air Washer 
— ^above, cleans, purifies and 
freshens the air, removes dust, 
odors and bacteria, cools if 
desired and provides an effective 
method of controlling humidity. 
Bulletin 3623. 



American Blower Capillary Air Washers — above, 
for high efficiency in cleaning, humidification, cooling 
and dehumidification of air. A highly efficient sur- 
face^ contact mechanism, the capillary cell, is used. 
Air is forced at low resistance through long, irregular 
passages of small size formed by a large amount of 
thoroughly wetted glass surface. Unit includes a 
substantial ^ metal casing and tank of air washer 
design, capillary cells, improved low head sprays, 
metal or glass fibre low resistance moisture elimina- 
tors, non-ferrous, extended surface cooling or heating 
coils. Write for Bulletin 3723. 
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Air Conditioning 


Central Systems 
Unit Systems 


TYPES OF AMERICAN BLOWER CORPORATION 
AIR HANDLING AND CONDITIONING EQUIPMENT 

All types of air handling and air conditioning equipment for industrial applications, 
process work, dr3dng, cooling; also equipment for stores, offices, shops, public buildings, 
power plants, etc., and attic ventilation for homes. 



“ABC” Vertical Heaters — for ceiling 
applications, give an even, wide floor area 
distribution of heat. For either steam or 
hot water heating systems. Variable 
speed, 2-speed and constant speed models. 
Write for Bulletin A-9418. 



Venturafin Unit Heaters — for many 
general purpose heating jobs. Wall or 
ceiling mounting. Streamline construc- 
tion, rugged heating elements. Steam or 
hot water. Write for Bulletin A-8218. 



Air Conditioning Central Systems — 
provide an effective way of cooling, 
heating, humidifying, dehumidifying and 
purifying air in all classes of business and 
public buildings where a dust system is 
desirable. Write for Special Data. 



“HV” General Purpose Units — with 
air filters and Aileron control. Ideal 
wherever attractive, quiet and economical 
heating and ventilating units are required. 
Wall, floor or ceiling mounting. Offer 
great flexibility of design and arrangement 
to meet specific needs. Write for Bulletin 
5927. 



American Blower Series “H” Air Con- 
ditioners with Sprayed Coils — are 
usually applied for industrial- uses where 
air washing and evaporative cooling are 
required. Sprayed coils give cleaner air, 
cut coil maintenance and refrigeration 
costs, reduce necessary air volumes, permit 
use of smaller ducts and grilles. Horizontal 
or floor types (as shown). Aileron control 
provides simple method of regulating flow 
of air from the fans. Write for Bulletin 
6027. 
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The Bahnson Company 

AIR CONDITIONING ENGINEERS 

Winston-Salem, N. C. 

Offices: 

New York, N. Y.. 93 Worth St. 

Atlanta, Ga S86 Drewry St. Hamilton, Ont , Can.,....W. J. Westaway Co , Ltd. 

Westfield, N J 703 Embree Crescent Los Angeles, Calif 976 W. Sixth St. 


HUMIDIFYING— COOLING—HEATING—AIR CLEANING— VENTILATING 
Bahnson Industrial Air Conditioning and Humidifying Equipment has been 
installed throughout the United States and in over 30 foreign countries during the past 
28 years. 

In designing various types of equipment to meet the requirements of Industrial Air 
Conditioning and Humidifying, the Bahnson Company has considered as paramount: 
Flexibility of capacity and control, Economy of Operation, and Simplicity of Design. 


CENTRISPRAY 

The Bahnson Company has completed 
the development of a central station air 
washer so radically new in design, that a 
basic patent has been obtained on the 
principle involved. 

The Centrispray utilizes the efficient 
principle of centrifugal atomization to 
produce a very fine and readily absorbed 
mist in the air washer. Saturation at 
24 degrees differential between the wet and 
dry bulb can be obtained through this 
principle with one- tenth of 1/100 the 
amount of water handled by conventional 
type air washers. This affords notable 
savings in pumping costs. 

Saturation to 96 per cent or higher can 
be obtained through the Centrispray 
washer with velocities of 700 feet per 
minute- Due to the relatively small 
amount of water that is circulated, the 
tank of the Centrispray can be made much 
smaller than the tank of a conventional 
washer. This results in an overall oper- 
ating weight substantially less than other 
washers of the same capacity. 

The Centrispray Washer is designed in 
several unit sizes up to 15,000 cfm for 
unit air conditioning with saturated air. 
Washers from 4000 cfm up to any 
desired capacity are designed for central 
station air conditioning. The Centrispray 
air washer is combined with heating, 
refrigeration, air filtering, chemical dehu- 
midifying, to meet any air conditioning 
requirements. 

AIR-VITALIZER 

The Bahnson Air-Vitalizer air con- 
ditioning system employs a dry duct unit 
distribution system combined with the 
Bahnson Centrifugal Humidifier or the 
Bahnson Atomizer, to obtain evaporation. 

The Vitalizer Units are usually arranged 
in the room so that the general movement 
of air is carried down one side of the room 



and back the other side of the room. This 
feature, known as Horizontal Circulation^ 
evens out the condition in the room despite 
the concentrated heat loads in motor 
alleys and sections of machinery with high 
horsepower requirements. 

The flexibility of the Vitalizer system 
permits the system to be designed for any 
air handling or evaporative capacity. 

ECONOMIZER 

ATOMIZER 

The Bahnson Economizer, an atomizer 
embodying a new principle of variable 
capacity, will produce a finer spray at a 
given evaporation, with minimum air 
pressure and air consumption. 

It is an outstanding development in the 
atomizer field, featuring Flexibility, Econ- 
omy, and Simplicity of installation, oper- 
ation and design. 
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The Bahnson Company winston-saiem, n. c. 


CENTRIFUGAL HUMIDIFIER 


With this unit, Bahnson has pioneered 
in developing the principle of centrifugal 
atomization for over 30 years. Con- 
tinuous refinement has produced three 
improy^ types of units with varying 
capacities to meet different requirements. 
(Types D, H and L). 

The Bahnson Centrifugal Humidi- 
fier requires only feed water at city main 
pressures (15 to 30 lbs.), a small amount of 
electric current at the usual voltage speci- 
fications, and a drain line. Equipped with 
an individual control, it is the only type of 
self-contained industrial humidifying unit 
that will produce a fine mist, distribute 
this mist throughout the space to be con- 
ditioned, maintain air circulation within 
that space, and automatically control the 
humidity within that space. 

These units may be equipped with the 
Type J individual control, or may be 
operated with the highly sensitive Master 
B group control that actuates an electric 


motor valve on the feed water line to a 
group of humidifiers. 

The Atomizing 
Disc is mounted 
on one end of 
the fractional 
horsepower 
motor. A row 
of stationary 
atomizing teeth 
surround the 
periphery of this 
disc. Water, fed 
onto the rapidly 
whirling disc, is 
hurled against 

into a fine, cloudlike mist. A fan mounted 
on the back end of the motor shaft dis- 
tributes this fine mist and produces a 
directional air flow. This maintains air 
circulation and uniformity of condition 
throughout the space to be conditioned. 



Write for Bulletin 327S, or special bulletins on special applications. 


HUMIDUCT 

AIR CONDITIONING SYSTEM 


The Bahnson Company has led in the 
development of two new principles of 
industrial air conditioning during the last 
ten years with its “Humid uct” system of 
air conditioning. 

The Bahnson Humiduct was the first 
practical unit for utilizing the advantages 
of delivering saturated air plus entrained 
moisture from an air conditioning system, 
rather than saturated air alone to meet 
certain air conditioning requirements. 
Where it is necessary to maintain constant 
relative humidities in areas with con- 
centrated heat loads, this principle of 
delivering entrained moisture so that part 
of the evaporation may take place in the 
room, shows marked advantages in more 
accurate control of the humidity. The 
humidity can be maintained by the use of 
this principle with a much lower volume of 


air than with saturated air types of systems. 

Write for further information on the 
psychrometrics of this principle. 

The Bahnson Hu^duct is designed as 
a unit system of air conditioning. It has 
shown marked .advantages in maintaining 
uniform conditions throughout the rwms 
of industrial plants that have relatively 
high heat loads or varying concentrations 
of machinery and heat. These advantages 
together with the flexibility of operating 
the unit system, are becoming widely 
recognized. The Bahnson Company intro- 
duced the principle of Horizontal Circu- 
lation with a unit system. The units are 
installed to produce a general air move- 
ment down one side of a room and back 
the other. This produces unusual even- 
ness in the room conditions together with 
a sensible cooling effect. 
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Carrier Corporation 


Home Office and 
FACTORIES; 
Syracuse, N. Y. 

Marine Division.* 

405 Lexington Ave. 

New York City 

International 
DIVISION: 
Syracuse, N. Y. 


Dealers In Principal Cities 


Atlanta 

Boston 

Chicago 

Cincinnati 

Cleveland 

Dallas 

Branch Sales Offices: 

Detroit 

Kansas City 

Los Angeles 

New Orleans 

New York City 

Philadelphia 

St. Louis 

San Francisco 
Seattle 
Syracuse 
Washington 


AIR CONDITIONING 

Room Air Conditioning and Dehumidifying Unit — Self Contained. 

Commercial Air Conditioning and Dehumidifying Unit — Self Contained. 

Air Conditioning and Dehumidifying Assembly — For use with ducts. 

Room Air Conditioning Unit — for Central Station System — Normal Ducts. 

Room Air Conditioning Unit — for Central Station System — Conduit air Distribution. 
Cooling range .4 to 1.3 tons. Heating range 2000 to 34,600 Btu per hour. 

Room Outlet — for exposed or concealed ducts. 

Air capacity 40 to 4900 cfm per outlet. 

Commercial Air Conditioning Units — ^Floor Mounted — With Ducts. 

Cooling range 2 to 50 tons. Heating range 100,000 and up Btu per hour. 

Air capacity 700 and up. 

Commercial Air Conditioning Units — ^Suspension — With ducts. 

Cooling range 2 to 50 tons. Heating range 100,000 and up Btu per hour. 

Air capacity 700 and up. 

Industrial Air Conditioning Unit. May be installed with or without ducts. 

Coohng range 2 to 50 tons. Heating range 30,000 to 750,000 Btu per hour 
Air capacity 2000 and up. 

Industrial Humidifier — humidifies, filters, distributes air. 

Dehydration — silica gel. For either residential or industrial applications. 

Four sizes; Moisture removal capacity 23 to 125 lb per hour. 

Heat Interchangers — ^Vapor or liquid to air, heating or cooling. 

Two Types Available: Continuous tube and narrow width type. 

Cold Diffusing Unit — Suspended — Disc Type Fan. Adjustable louvers. 

Cold Diffusing Unit— Floor Mounted— Centrifugal Fan. Top or side discharge. 

With and without Brine Spray. 

Cooling range 0 6 ro 26 tons. Air capacity 1100 cfm and up. 


888 



Carrier Corporation 


Air Conditioning 


Central 

Systems 


AIR CONDITIONING’S First Name Cartier 


REFRIGERATION 

Centrifugal Refrigerating Machine. Self-contained — cooler, compressor, condenser. 
Wide range of sizes: Cooling range 100 to 1200 tons. 

Reciprocating Refrigerating Machine. Air-cooled, water-cooled, evaporative cooled. 

Evaporative Condenser — Floor Mounted. For economical heat disposal. 

Nominal range 10 to 75 tons. 

Non-Freeze Coil — Available in sections, wide range of capacities. 

Commercial Refrigeration — Compressors for storage refrigerators, display cases, 
milk coolers, ice makers, bakers refrigerators, and drinking water coolers in wide ranges 
of sizes and capacities. 


UNIT HEATERS and WAR PLANT VENTILATORS 

Unit Heater — Suspended — Disc Fan. For commercial or industrial buildings. 

Heating range 19,450 to 220,000 Btu per hour. Air capacity 595 cfm and up. 

Five-Way Unit Heater — Suspended. For industrial heating. 

Heating range 69,100 to 484,000 Btu per hour. Air capacity 1345 cfm and up. 

Heat Diffusing Unit — Suspended— Centrifugal Fan. For industrial service. 

Heating range 105,000 to 1,035,000 Btu per hour. Air capacity 9000 cfm and up. 

Heat Diffusing Unit — Floor Mounted — Centrifugal Fan. 

Heating range 105,000 to 1,035,000 Btu per hour. Air capacity 9000 cfm and up. 

Ventilators for War Plants — Roof Type for exhausting, supplying and tempering air 
in war plants. Capacities 10,000, to 20,000 cfm. 
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Clarage Fan Company 

Kalamazoo, Mich^an 


Application Engineering Oflaces 



In Principal American Cities 


(Consult Telephone Directory) 

Clarage Air-Handling and Conditioning Equipment 



Fans for ventilating and air 
conditioning. 

28 sizes; 200 to 100,000 cfm. 



Fans for warm air furnaces, 
oil burners, stokers, etc. 
200 to 5000 cfm. 


Fans • Blowers • Air Washers 
Air Conditioning Systems and 
Units • Unit Heaters & Coolers 

For over a quarter-century Clarage has been a lead- 
ing manufacturer of equipment for ventilating, heating, 
cooling, drying, air cleaning, humidifying, dehumidi- 
fying, complete air conditioning, exhausting, pneumatic 
conveying and mechanical draft. This equipment is 
designed to meet all types of industrial, commercial, 
public building and marine requirements. Whatever 
your air-handling or conditioning problem, Clarage is 
an excellent source of supply 


We build many 
other types of 
fans and allied 
equipment. Write 
for a Clarage 
catalog covering 
our complete line. 



Unit Heaters for factories, 
stores, offices, etc. — floor and 
suspended type units. 

24 standard sizes 



Fans for ex- 
haust systems, 
pressure blow- 
ing, etc. 

600 to 60,000 cfm.; 
built for a wide 
range of pressures. 


Air Condition- 
ing central sys- 
tems and units 
to solve any 
temperature 
and humidity 
control prob- 
lems. 





Air Conditioning 


Central Systems 

Unit Heaters and Coolers 


Hastings Air Conditioning Co., Inc. 

Hastings, Nebr. 

Manuf^turers of 

Air Conditioners. 

Unit Heaters. 

Utility and Package Blowers. 

Dealers and Representatives in Principal Cities 




rim T rvft;i 


A Complete Line of Highly Successful COLD WATER Air Conditioners. 
Capacities listed depend on entering air and water temperatures. 

All equipment available for combination heating and cooling. 


FLOOR MODELS 

Floormasters — Unusual design and 
special features permit maximum instal- 
lation possibilities with minimum floor 
space and installation costs. 

Air Delivery — 2240 cfm. 
Cooling Capacity—3 to 
6 tons. Dimensions — 
Height 93 in., Width 48 
in. Depth 25 in. Motor — 
hp. Filters — 3 16 in. x 
25 in. 

Royal — For offices, 
homes, hospitals, etc. 

Air Delivery — 590 cfm. 
Cooling Capacity — 1 to 2 
tons. Motor — 1/6 hp. 

Filter — 1 16 in. x 25 in. 
Dimensions — Height 40 in.. Width 28 
in., Depth 203^ in. 



CENTRAL PLANTS 



Sectional con- 
struction for ease 
of handling. Mo- 
tors inside mount- 
ed to provide very 
neat appearing 
compact units. 


SPECIFICATIONS 


Size 

CFM 

Motor 

Hp 

Filters 

Capacity 

Tons 

CP 30 

3,000 

1 

5 

4- 9 

CP 40 

4,000 

1 

8 

6-12 

CP 60 

6,000 

2 

10 

9-18 

CP 80 

8,000 

3 

12 

12-24 

CP120 

12,000 

5 

20 

18-36 


GENERAL UTBLITY MODELS 
Master — Singly or in multiple are 
suitable for any business or space size. 
Large jobs l^ndled without duct work by 
proper location of units. 



Air Delivery — ^2,240 cfm. Cooling Ca- 
pacity — 3 to 6 tons. Dimensions — ^Height 
29 in.. Width 49 in., Depth 50 in. Motor — 
hp. Filters — 4 16 in, x 23 in. 

Majestic— Similar to Master except size. 

Air Delivery — 1120 cfm. Cooling Ca- 
pacity — 13^ to 3 tons. Motor — ^ hp. 
Filters — 2 16 in. x 25 in. Dimensions — 
Height 26 in.. Width 28 in., Depth 40 in. 

Zephyr — ^Same capacity, motor and 
filter as the Royal. For use where sus- 
pended or concealed units are desired. 
Dimensions — Height 26 in.. Width 24 in.. 
Depth 28 in. 


UNIT HEATERS 
Centrifugal Type for ex- 
treme quietness and 
efficiency, , 

Steam pressure — 
to 150 lbs per sq in. 

Finish — Brown 
wrinkle enamel and 
stainless steel louvers. 




PACKAGE AND OPEN TYPE BLOWERS 
May be knocked Utility type blow^s are 
down for narrow door- available with or without 
ways. Finished in at- motors and in any dis- 
tractive green wrinkle, charge desired. 

All sizes from 9 in. to twin 21 in. 

Air deliveries from 1000 cfm to 16,000 cfm. 

Write for Catalogues, Literature, or Inforniation 
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GENERAL 



ELECTRIC 


AIR CONDITIONING AND COMMERCIAL REFRIGERATION DIVISIONS 

Bloomfield, New Jersey 


District Offices 


Atlanta, Ga, 

609 Red Rock Building 
Boston, Mass. 

700 Commonwealth Avenue 
Chicago, III 
840 South Canal Street 
Cleveland, Ohio 
4966 Woodland Avenue 
Dallas, Texas 
1801 North Lamar Street 


Detroit, Mich. 
700 Antoinette Street 



Minneapolis, Minn. 
12 South 6th Street 

New York, N. Y. 
570 Lexington Avenue 

Philadelphia, Pa. 
1405 Locust Street 

Seattle, Wash 
710 Second Avenue 

San Francisco, Calif. 
235 Montgomery Street 


A COMPLETE LINE OF REFRIGERATION PRODUCTS 
WHICH ARE AVAILABLE FOR ARMY, NAVY, 
INDUSTRIAL AND OTHER ESSENTIAL USES 



CONDENSING UNITS 

Applications: Low temperature refrigeration for food preservation in military 
cantonments, at advance bases and aboard ship. Also for applications in war industry 
where air conditioning or refrigeration is required for the processing and testing of war 
materials. 

Product Data : G-E condensing units are available in a full range of standard sizes 
rated from to 125 horsepower. Modified units are available which permit multi- 
stage operation to refrigerant temperatures as low as ~130F. 
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EVAPORATIVE CONDENSERS AND EVAPORATIVE COOLERS 


Applications: Condensation of 
vapors, such as “Freon- 12” and steam; 
cooling of liquids . . . industrial or 
coolant oils, water, non-freeze mixtures, 
and other fluids used in industry. 

Product Data: A complete line 
providing condensing capacities up to 
100 tons of refrigeration with “Freon- 
12”. New nested coil assembly simpli- 
fies installation and also permits quick 
and easy disassembly for cleaning of 
scale and algae. 




HEATING AND COOLING COILS 

Applications: Ventilating systems, blast heating, industrial air conditioning, 
dehumidifying, refrigeration and cooling systems; special Army and Navy applications. 

Product Data: Available in wide range of sizes to meet requirements of installation. 
Standard units of steel construction. Copper construction available where permitted 
by WPB regulations. ^ 



INDUSTRIAL CONDITIONERS 

Applications: Industrial dehumidify- 
ing, cooling, heating; Army antj Navy 
cantonments, storage, maintenance and 
special applications. 

Product Data: Available in sizes 
ranging from 5 to 30 tons of refrig^ation, 
with comparable capacities for heating 
service. Furnished for direct expansion of “Freon-12” refrigerant, or for chilled water 
or cold well water. Heating coils use steam or hot water. 
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Niagara Blower Company 

General Sales Office: 6 East 45th Street, New York- 17, N. Y. 

Chicago-5; 37 W Van Buren St. Buffalo-7: 673 Ontario St. Seattle-4: Fourth and Cherry Bldg. 
District Engineers in Principal Cities 

Over 25 Years^ Experience in Industrial Air Conditioning, Liquid Cooling and Air Drying 



NIAGARA AERO HEAT EXCHANGER 

For cooling industrial liquids, water, oils, solutions, chemicals, compressed air and gases, 
with accurate temperature control to improve efficiency and obtain precise results. 
Patented (U. S, Nos. 2,296,946 and 2,321,933). Ask for Bulletin 96. 

NIAGARA AIR CONDITIONING SYSTEMS 
For human comfort and for all industrial applications requiring controlled conditions of 
temperature, relative humidity, air purity and air movement. 

NIAGARA AIR CONDITIONER, TYPE A 
High precision apparatus using saturation to obtain control of R.H.to 
1 per cent for laboratory work and control of hygroscopic materials. 

Ask for Bulletin 58. 

NIAGARA AIR CONDITIONER, TYPE C 
A year around air conditioning unit providing heating and humidifying 
or dehumidifying. Ask for Bulletin 80. 

NIAGARA FAN COOLER AND DISK FAN COOLER 
For comfort cooling, process cooling, low temperature storage for dairies* 
fruits, meats, food products, fur storage vaults, etc. Bulletins 72 and 78^ 

NIAGARA SPRAY COOLER 

For all cooling applications requiring high humidity or high capacity 
in small space. Ask for Bulletins 72 and 78. 

NIAGARA “NO FROST” SYSTEM 
Using Niagara “No Frost” Liquid in spray coolers, prevents frosting 
of cooling coils, automatically keeps spray solution at proper concen- 
tration, gives freedom from brine troubles, corrosion. Constant, efficient 
operation. Temperature to —100 F. Ask for Bulletins 83 and 95. 

NIAGARA EXTENDED SURFACE COILS 
Encased for use with heating, cooling or air conditioning systems. Full 
range of sizes. Ask for Bulletin 92. 

NIAGARA DUO-PASS AERO CONDENSER (Illustrated) 

Saves power and water cost utilizing atmospheric air to remove heat of 
condensation. Patented Duo Pass prevents scaling, saves power. Ask for 
Bulletins 91 zind 93, 

NIAGARA “DUAL” COOLERS 

Concentrator 

Simultaneously cools a room and furnishes chilled for tise with 
water as a refrigerant. Saves equipment cost, 
operating expense. Patented. Ask for Bulletin 70. System 

NIAGARA FAN HEATERS AND DISK FAN HEATERS 
For heating and ventilating large areas. Units of the highest 
quality in engineering, material and workmanship. Ask for 
Bulletin 97. 

NIAGARA AIR SUPPLY HEATER 
Balances exhausted air in factories when exhaust systems are 
operating, saves steam and power, gives more effective heating. 
Patent pending. Ask for Bulletin 74. 

NIAGARA MOTOR BLOWERS 

One, two and three-fan units. High and low static pressure 
models. Ask for Bulletin 89. 

894 


Niagara Spray 
Cooler 




Niagara Aero Condenser 
with Duo Pass 




Air CondiUoning 


Central 

Sy&tems 


Parks-Cramer Company 

Fitchburg, Mass. Charlotte, N. G. 

CERTIFIED CLIMATE 

Complete Air Conditioning Systems including Heating, 

Cooling, Humidifying or De-humidifying, Air Changing, 
Refrigeration, Air Filtering, Air Washing 

AUTOMATIC REGULATION 

Merrill Process System of Hot Oil Circulation for Heating Industrial Materials 



Central Stahon 


Central Station Air Conditioning 

Centrally located AIR WASHER. Proper moisture. 
Positive, pre-determined air removal or re-circulation. 
Heating coils and refrigeration optional. Helps such 
industries as Celluloid; Cement; Ceramics; Cereals; 
Cigars, Cigarettes and Tobacco; Clothing; Confection- 
ery; Glassine; Leather; Paper and Envelopes; Printing 
and Lithographing; Shoes; Starch and Dextrine; 
Storage of Perishables; Textiles; Wood Products. 
Similar installations effective in Hospitals, Art Gal- 
leries, Auditoriums, Restaurants. 



High Duty Humidifier 



Psychrostat 



Pettifogger 


Air Washer or Central Station Units. 
Nozzles for Central Station Air Washers. 


High Duty Humidifier 

Water under pressure generates spray. Excess water 
returns to filter tank and re-circulates. Evaporation per 
unit high; two sizes of heads each with three sizes of 
nozzles give flexible capacity for varying conditions. 
Circulation increased by individual motor-driyen fan. 
Spray thoroughly diffused and distributed over wide area. 

Turbomatic Humidifier 

(not illustrated) 

Efficient humidifier of the atomizer type. For direct 
humidification, as humidity boosters for Central Station 
systems of all makes. Self-cleaning. 


Parks Automatic Airchanger 

For use with High Duty or Turbomatic Humidifiers. In- 
sures fixed humidity and maximum evaporative cooling. 


Automatic Regulation 

The Psychrostat for accuracy, durability, sensitivity. 
Employs the principle of the Sling Psychrometer, used 
in all U. S. Weather Bureau Stations. Hygrostat (not 
illustrated) where requirements are not so exacting. 
An Air Conditioning System is no better than its 
Regulation. 

The Pettifogger 

A compact humidifier^ for offices, stores, storerooms, 
laboratories, or other isolated departments. Self-con- 
tained in lacquered copper casing. Permanently though 
flexibly connected to water and electrical supplies. 
Automatic control. Adjustable capacity. Reduces 
dust. Neutralizes drying effect of heating. 
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W^tinghouse Electric Elevator Company 

Air Conditioning Department 

150 Pacific Avenue — Jersey City, N. J* 

Offices and Contractors in All Principal Cities 



Whaf s Different 

about Westinghouse Equipment? 

THE IMPORTANT difference is in the compressor — vital heart of any 
air conditioning system. 

It’s Hermetically-Sealed. Westinghouse developed the hermeti- 
cally-sealed compressor in 1935, It was the first, and is still the only 
application of the hermetically-sealed principle to multiple horsepower 
Freon-12 compressors. Thousands of installations have proved these 
advantages: 

No Seal Leaks, because shaft seals are eliminated. 

Installation in Unventilated Spaces. Practical because the 
motor is refrigerant-cooled. 

High Efficiency. Direct-drive mechanism eliminates the power 
loss common to belt-driven equipment. 

Completely Enclosed operating mechanism. Power is sealed 
in, trouble is sealed out. There are no visible moving parts, yet all 
parts are readily accessible without dismantling, through side 
service plates. 

Light Weight. Lightest weight per ton of cooling effect of any 
compressor on the market. No special foundations needed. Com- 
pact size is a natural collateral advantage. 

Capacity Modulation is built in. The floating-reed design of the 
patented, improved head valve permits the built-in application of 
a capacity modulator that provides completely flexible operation of 
the compressor to meet exact load requirements. 

Westinghouse Hermetically-Sealed Compressors are currently available 
in sizes from 5 Horsepower to 100 Horsepower. 
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Westinghouse Synchro-built Equipment 

For each Westinghouse Compressor, there is Synchro-built equipment, 
designed and built to operate efficiently in a complete Westinghouse 
system that meets the specific needs of the job. This equipment includes : 


Heat Transfer Surfaces 

Coils for Freon, steam, hot and cold 
water, are available in such a wide 
range of sizes that any practical 
design specifications are readily met. 
The patented header of the Freon 
evaporator assures immediate and 
complete distribution of the gas 
over the entire coil surface. 

Condensers 

Water-cooled and evaporative con- 
densers are matched to the per- 
formance ranges of each compressor. 
Where water is plentiful and cost 
Ipw, Westinghouse Water-cooled 
Condensers meet every require- 
ment. Westinghouse ^‘Aquamiser*’ 
evaporative condensers combine 
the most desirable features of 
water-cooled condensers, air-cooled 
condensers and cooling towers. 


Air Conditioning Units 

Vertical and horizontal units, for 
air conditioning and refrigeration, 
are provided in sizes to meet all 
needs. The cabinets are complete 
with quiet, blower- type fans, and 
facilities for installation of cooling 
and heating coils, filters and humi- 
difiers. 

Factory-Built Systems 

Factory-built complete central- 
plant systems known as the 
Unitaire are available in five 
sizes — from 7}^ to 25 hp. For 
requirements within these ranges, 
they offer ease of handling, quick 
installation, low cost. They com- 
bine the complete refrigeration 
cycle, controls and blowers within 
a single, compact, easily installed 
cabinet. 
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United States Air Conditioning Corporation 


Heating, Cooling, 
Ventilating and 
Air Conditioning 
Equipment 



For Industrial, 
Commercial and 
Residential 
Applications 


General Offices and Factory: Northwestern Terminal, 

Minneapolis, Minn. 






USAirCo Blowers 
Heavy and light duty blowers, single 
or double inlet, in sizes and capaci- 
ties for any heating, cooling, ventila- 
ting and air conditioning application. 

USAirCo Air Washers 
Single, double or triple stage 2,500 
to 100,000 cfm for cleansing, cooling 
by cold water or refrigerant, humidi- 
fying or dehumidifying. 

USAirCo Heating Units 
Suspended types with Deflecto dif- 
fusing grilles. Floor or wall type 
blower heaters. Sizes and types for 
every heating need. 

USAirCo Cooling or 
Heating Cores 

Five standard series for central sta- 
tion heating or cooling applications. 

USAirCo Cooling Units 
Suspended type for cold water or 
direct expansion applications. 

USAirCo Blower Filters 
Complete assemblies for warm-air 
furnace applications. 

Kooler-aire Package Units 
Complete self-contained units for 
refrigerative, cold water and evapor- 
ative cooling. Also room coolers 
and humidifiers. 

USAirCo Deflecto Grilles 
Patented diffusing grilles for con- 
trolled directional distribution of air. 
Write for Latest USAirCo Catalog 
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York Corporation 

York, Pennsylvania 

Factory Branches and Distributor Engineering 
and Sales Offices throughout the World. 

Au Conditioning and Refrigeration for maintaining proper atmos- 
pheric conditions for industrial processes essential to the war. 
Installations of unit and central systems in a complete range of 
capacities and types for every design requirement. 



York Turbo Compressor 


Condensing and Water Cooling Systems — Centrifugal 
brine and water cooling systems available over wide 
range of capacities up to 1500 tons refrigeration, steam 
turbine or motor drive. 

Self-contained dynamically balanced, non-vibrating 
V/W type reciprocating compressors available in 
capacities up to 350 tons refrigeration in a single unit, 
with water cooled or economizer type condensers. 

Efficient automatic capacity reduction available for 
economical operation at reduced load. 



The York Economizer — combined forced-draft cooling 
tower and refrigerant condenser, is available for instal- 
lations where prohibitive water costs or inadequate 
drainage facilities preclude the use of a water cooled 
condenser. Standard factory constructed and built-up 
units may be used singly or in multiple for applications 
of any specified capacity. Economizers for use with 
Freon as the refrigerant are furnished, as standard, with 
a liquid sub-cooling coil. Economizers also designed for 
cooling of quench oil and other liquid coolants. 


York V-W Condensing Unit 



York Sectional Economizer 



Air Conditioning Units: A complete line of finned coil, 
d^ coil, wetted surface and spray type sectional air con- 
ditioners for horizontal or vertical applications, designed 
to facilitate installation and the distribution of air. 
Standard units can be equipped with by-pass feature 
and arranged for cooling and dehumidifying, heating and 
humidifying, for year-round processing. 

Yorkaire 550 Unit Air Conditioner — A compact, self- 
contained model occupying but 21 x 42 inches of floor 
space and requiring only water, drain and electrical con- 
nections to operate. Special features provide utmost 
flexibility to meet varying conditions. Temperature dial 
control provides both automatic and manual tempera- 
ture control. Air volume and motion may also be 
adjusted by a special control and the directional grille 
provides directed airflow — up, down or from side to side. 
May be used with ducts if desired. 

The Yorkaire 550 is ruggedly built, quiet in operation, 
equipped with standard fan and compressor motors for 
AC or DC. 

Dehumidifiers — ^For central station systems where a 
large volume of air is to be handled and where control of 
humidity is an essential requirement, the York dehumidi- 
fier is especially applicable. Construction features in- 
sure a minimum space demand and maximum per- 
formance conditions. Standard washers are available in 
a full range of capacities for industrial installation. 
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American Foundry and Furnace Co. 

Sales Offices in Principal Cities 

P. 0. Box 904, Bloomington, 111. 


AIR CONTROLLING SPECIALTIES 


KD Grille and Fire Damper 


At the right is shown a Type KD Grille and Fire Damper 
consisting of a wire grille, with an angle iron frame and 
eight inch steel sleeve, and a ball bearing louver damper, 
with pull chain and two fusible links. The steel sleeve is 
made to fit the unit into a wall opening. The chain oper- 
ator works through two pulleys and is held in place by a 
claw on the damper frame. The fusible links melt at 
160 deg., thus allowing the damper to close by its own 
weight in case of fire. 





F-12 Louver Damper 

At the left is shown a Type F-12 Louver 
Damper. These dampers are made on 
order to fit any size opening. Blades are 
16 gauge steel, frames are 2 in. x yi in. x 
Yz in. channel. Ball bearings are standard, 
with steel trunnion bearings optional. 
Motor, linkage and bracket shown are not 
standard but may be ordered as an extra. 


S-454-F Radio Range Stormproof Louver Combination 

Consists of a galvanized iron frame with 26-gauge galvanized iron 
stationary horizontal stormproof louver blades, riveted securely to 
outside frame and all built into outside wall (fits 8-in. thick wall). 
Apron extends over sill. Back of stormproof louver is a No. 16 mesh 
screen. 

Back of screen is a multiple-blade, ball bearing louver damper 
(similar to F-12 but with off-center axle) to control volume of air 
admitted. Louver damper blades of 16-gauge steel, galvanized. 
Frame of 2 x x J^-in. galvanized channel iron. Dampers can be 
automatically or manually controlled. Blades all work in unison. 




FL-Steel Automatic Fan Outlet Louver 

For use when fan discharges to atmosphere. Counterbalanced 
steel blades on steel rods, working in unison, open from fan pres- 
sure and close automatically when fan is not in operation. Frames 
of angle iron drilled for fastening to wall, duct or penthouse. 
Blades have felted edges to minimize noise, with felt held in by 
fold on blade edge. Standard finish of frame black or gray 
enamel or prime coat. Regularly made in 14 sizes from 12 x 12 to 
50 X 50 in. Special sizes on request. 
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HEAVY DUTY HORIZONTAL HEATERS 

CENTRAL PLANT SYSTEMS 

American SUPERFIN Heaters are made 
entirely of cast iron and designed for use with 
blower, air filters, humidifier, etc., in Central 
Plant Winter Air Conditioning Systems. 

Fireboxes and top arches are finned heavily to 
provide maximum durability and furnish largest 
possible heating surfaces. Design is such that all 
air is forced over hottest surfaces of the heaters 
at all times. 

Finned, pear-shaped radiators, streamlined, 
add enormously to the radiating surface of the 
heaters, thus adding to their efficiency. 


UNIT HEATER SYSTEMS 

American Gas or Oil Fired Unit Heaters have been 
designed for use in commercial and industrial applications. 
These units have the multiple blowers underneath the 
heating section. Air is drawn into the heater at the floor 
line, then passes oyer the heater, and may either re-enter 
the room from the top of the heater or at the floor line on 
the opposite side of the heater. 

Heater section is made entirely of cast iron and is 
designed to use either oil or gas as a fuel. 


SUPERIOR BLOWERS 

At the right is shown a standard Superior Blower. 
Superior blowers are all that their name implies. 
Rugged design, quiet operation of mechanical parts, 
freedom from vibration, have been stressed throughout 
the construction of the entire line. Made in wheel sizes 
ranging from 10 to 65 in., inclusive, having wheel 
diameters of corresponding values at 5-in. intervals, 
with 12 and 18-in. sizes in addition. 

Each size blower is available in single or double width, 
single or double inlet, any discharge arrangement. 
Deliveries range from 800 to 105,000 c.f.m., with 
uniform capacity ranges between. 






June- Aire 
Gas Ftred 


DOMESTIC HEATING EQUIPMENT 



June-Atre June- Aire June- Aire Vertical 

Oil Fired Oil Fired Gas Ftred 
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Let the pup be your 
furnaceman and 
weatherman too. 


THE BRYANT HEATER COMPANY 

17825 St. Clair Avenue - - ^ Cleveland, Ohio 

Engineering, Sales and Installation information on Bryant 
Equipment available through Bryant Distributors, 
Dealers and Gas Companies in principal cities. 



Bryant Gas designed boilers include 
tubular cast iron sections, ribbed lower 
tubes, large steam liberating areas, all 
heating surfaces readily accessible for 
cleaning. Insulated metal jacketed 
covers and Bryant gas controls. Com- 
plete range of AG A inputs from 45,000 
to 3,996,000 Btu/hr for steam and hot 
water heating systems, volume water 
heating and industrial process. 

Bryant Vertical Winter Air Condi- 
tioners complete with blowers, humidi- 
fier and filters are compactly designed 
for small housing, office and industrial 
use. Bryant tubular cast iron section 
design and quality controls are standard 
equipment. Capacities range from 

55.000 to 115,000 Btu/hr AG A inputs. 
Complete line of forced Warm Air 

Gas-Fired equipment from 60,000 to 

750.000 Btu/hr AG A inputs. Efficient 
cast iron heating sections of vertical 
tubular construction and large capacity 
blowers are featured. Humidifiers, 
filters and Bryant Automatic controls 
are standard equipment. 

Bryant suspended type Gas-Fired 
Unit Heaters available in five sizes 
ranging from 65,000 to 255,000 Btu/hr 
AGA inputs. Efficient heat exchange 
of staggered vertical tube construction. 
Available in both cast iron combustion 
chamber, alloy steel tube and all steel 
types. Quick, clean, efficient heat for 
all types of industrial and commercial 
space. Flexible, automatic control and 
large volume air circulation produce 
ideal space heating results. 

Bryant Dehumidi- 
fiers with rotary silica 
gel bed and completely 
automatic control find 
new demands for food 
dehydration, powder 
drying, in the manu- 
facturing of airplane 

valves, telescopic sights and signal flares — ^in 
the testing of airplane engines — ^and the 
storage of engine parts, bomb sights and sub- 
marine parts. Especially adaptable to in- 
dustrial requirements and all types of air 
drying installation. 

See your local Bryant'Distributor or write 
for complete details and specifications. 



Suspended Type 
Gas-Fired 
Unit Heater 




Forced Warm Air 
Gas-Fired 
Equipment 



Dehumidtfier 
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Air Conditioning 


Automatic Equipment; 
Heavy Duty Furnaces 


E. K. Campbell Heating Co. 

Kansas City, Mo. 

MANUFACTURERS - ENGINEERS 

FURNACE-FAN SYSTEMS-THERMIDAIRE EQUIPMENT 
“EKCCO” BLOWERS 



FOR: Industrials — Schools — Churches — Municipal Buildings 
Theatres — Hangars — A uditoriums — etc. 


Developed exclusively for heavy-duty use, the E. K. Camp pell Furnace-Fan 
System represents 33 years of engineering design and field experience. Standard single 
units burning any type fuel reinge from 300,000 Btu per hour to 5,000,000 Btu per hr., 
with special units available on request for larger loads or processing work. Small units 
in residential sizes are not available. 

Design features which contribute to the renaarkable performance records established 
include — counter-flow heat transfer — plunge draft — heavy all welded steel construction 
of locomotive firebox plate and “Toncan” alloy — large combustion space for complete 
burning of fuel — variable ratio of Btu to cfm available depending on individual require- 
ments of heat loss and cubic space involved rather than on a predetermined inflexible 
ratio — maximum heat transfer rating of 3,500 Btu per sq ft of heating surface and 
ratios of heating surface to grate area between 30 to 1 and 50 to 1 as recommended in 
Heavy Duty Fan-Furnace Section of Guide — other general conservative design features 
based on experience, aimed at trouble free operation, long life, and low operating cost. 

Many hundreds of outstanding installations in operation in churches, theatres, 
schools, municipal buildings, auditoriums, industrials, hangars, etc. Extreme flexibility 
of equipment, conservative design and individual engineering of jobs, have produced 
installations whose operating characteristics are superior results, low operating cost, 
minimum maintenance, and long life. Inquiries on special heating problems and on 
standard steam or warm air equipment will receive prompt attention. 

Like all leading metal products that are American, our equipment has gone to war, and will not be 
available for the duration except for urgent defense work and direct war use. Inquiries for providing post- 
war planning are welcome. 
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Air Conditioning 


Automatic Equipment 
Heavy Duty Furnaces 


Campbell Heating Company 

31st and Dean, Des Moines, Iowa 
SUMMER and WINTER AIR CONDITIONING 

Industrial, Commercial — Institutions, Residences 



Campbell Heater tn factory of National Mfg br Stamping Co , Des Moines, Iowa 

The Campbell Heater shown above is installed in a two-story factory building 
80 X 120 ft. with 12 ft. ceiling height on each floor. There are no ducts — this heater 
sends heat to all parts of the building without ducts. On a zero day thermometers near 
four corners of the first floor varied only from 59 to 62 deg. — the north west corner was 
60 deg. When w^arm air is desired to remote rooms it can be provided by a properly 
designed duct system. 

This heating performance was accomplished in spite of the fact that the heater is 
in the south east corner of the building. Heated air traveling to the north end of the 
room must overcome the obstruction to air flow caused by the timbers above — the 
air must flow across the timbers, not with them. 

In this installation the heater rests upon the floor of the room to be heated. Where 
floor space is limited and valuable the blower can be mounted on top of the heater or 
put under it by raising the heater, provided the ceiling height is sufficient. 

Five Advantages of Campbell Heaters 

1. Easy to Install — In most cases the Campbell Heater can be put into 
operation within 72 hours after delivery. 

2. Especially Adaptable to Ductless Convection Heating — Elimi- 
nation of ducts reduces cost in heating a single large room. 

3. Compact in Design — Over-all dimensions can be adapted to meet 
any reasonable limitations of floor space or ceiling height. 

4. Efficient with any Type of Fuel — Especially adaptable to stoker 
firing, but operates equally well with fuel oil or gas. 

5. Low in Cost — Because of standardized design and efficient manu- 
facturing methods, Campbell Heaters are low in cost. 

Campbell Heaters are guaranteed to deliver full rated capacity. 
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Campbell Heating Company Air Conditioning 


Automatic Equipment 
Heavy Duty Furnaces 


CAMPBELL “WINTER-CHASER” AIR CONDITIONING SYSTEM 

The Campbell “Winter-Chaser” System provides all the essentials of winter air 
conditioning: Simultaneous control of temperature, humidity, air circulation and air 
cleanliness, ^sides providing fresh air for ventilation, quick heating, flexibility; and a 
summer cooling effect. Campbell equipment is built of the best materials obtainable, and 
has been developed through over sixty years of experience. The system is designed by 
competent experienced engineers and installed by experienced mechanics. It is guaran- 
teed as to results and for 10 years as to durability. 


Advantages of Campbell 

Compact design, requiring minimum 
space — the heater can be placed readily in 
any ordinary boiler or furnace room. 

Efficient radiating surface — permits 
an immense amount of radiating surface 
in a small space. Ratio of prime radiating 
surface to grate area is more than 30 to 1. 
This produces very low flue gas tempera- 
ture with consequent high efficiency. 

Vertical self-cleaning radiating sur- 
faces constitute most of the heating sur- 
face — hence are not insulated with soot 
and ashes. 

Vertical air-warming tubes com- 
pletely surround the fire, subjecting greater 
prime heating surface to direct contact 
with the fire — less liable to be overheated. 


“Winter-Chaser” Design 

Extra la^e combustion space above 
grate permits smoke and air to mix and 
bum before striking heating surface — less 
unburned gases escape up the chimney. 

Long return smoke travel — the tubes 
form a dividing wall each side of the fire, 
separated in the back to let smoke pass 
through behind the tubes and to the front 
of heater. This assures long contact with 
heating surfaces. 

Two convenient cleanouts permit 
easy cleaning of the smoke passages with- 
I out putting out the fire. 

Basement heating on the same level 
as the heater, is solved by this Campbell 
System. Entire capacity of heater can be 
forced into the basement and thus heat a 
large room in a few minutes. 



Furnace 

Number 

Sq. Ft. 
Grate 

Heating 

Surface 

For Building 
Heat Loss 
Btu 

Maxunum 

Capacity 

Btu 

Blower 

CFM 

Size 

Motor 

Dimensions 

Casing 

Addnl. 

Space 

for 

Blower 

Approx. 

Shipping 

Weight 

8075 

71/7 

280 



8850 

% 

75 x 80- 88^high 

54" 


Kim 


320 



10900 


75 X 93— 96^^ 

60" 


8125 

12^2 

mSm 



13200 

Wz 

75x105— 96^ “ 

66" 



15 




15600 

2 

75x118— 102'^ 

66" 


8175 

171/7 




17500 

2 

75x130-102'' *• 

72" 




PM 

BnuiTrifl 

ml 

21100 

2 

94x137—120" “ 

76" 


8250 

25 

■I 

KlifiilUl 

2,160,000 

26400 

3 

94x157—120" “ 

76" 

Ibm 


Unit includes furnace, casing, blower, motor, V-flat drive. 


905 





Air Conditioning 


Automatic Equipment; 
Heating and Cooling 


CHRYSLER «yAIRTEMP 

AIRTEMP DIVISION OF CHRYSIER CORPORATION, DAYTON, OHIO 



14 CYLINDER MODEL 
AIRTEMP RADIAL CONDENSING UNITS— 
Available in 10 to 75 Horsepower Capacities 


This heavy-duty radial compressor for 
use with Freon is especially adapted for 
refrigeration, for industrial processes or 
air conditioning. Airtemp radial com- 
pressors are directly connected and have 
force-feed lubrication. The automatic 
starting unloader and automatic capacity- 

• AUTOMATIC CAPACITY REGULATION 

• UNLOADED STARTING 

• DIRECT CONNECTED 



reduction unloader give high operating 
efficiency. Light in weight and eco- 
nomical to operate, these compressors are 
shipped ready to run. They are especially 
easy to install since vibration is practically 
eliminated and no special foundations are 
necessary. 

• SIMPLIFIED INSTALLATION 

• COMPACT DESIGN 

• PRACTICALLY NO VIBRATION 

• NO SPECIAL FOUNDATIONS NEEDED 

• INTERCHANGEABLE PARTS 

• LONG LIFE 

• ECONOMY 

AUTOMATIC UNLOADER 
This automatic cylinder unloading device 
permits starting the compressor under no 
load and keeps the compressor auto- 
matically adjusted to varying loads with 
no stopping and starting during operation. 
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Air Conditioning • Heating 


CHRYSLER 

AIRTEMP division of CHRYSLER 



/JIRTEMPA 


AIRTEMP 


CORPORATION, DAYTON, OHIO 








VAPORIZING OIL-BURNING WINTER AIR CONDITIONER 


55,000 Btu output. Completely 
automatic. Models for gravity 
“forced-air or complete winter 
air conditioning. Sure-Draft fan 


assures highest overall efficiency. 
Bonderized and insulated jacket. 
Approved for closet installation, 
Unden\Titers Laboratories, Inc. 


OIL-FIRED WINTER AIR CONDITIONER 


Heats, humidifies, filters and 
circulates the air. Five models, 
from 70,000 to 160,000 Btu out- 
put. “Bonderized** and insu- 
lated jacket. Metal combustion 


chamber, seam-welded firebox of 
copper-bearing steel; large, slow- 
speed, rubber-mounted fan. Air- 
temp conventional or Twin Air- 
flow oil burners on larger models. 


GAS-FIRED WINTER AIR CONDITIONER 


Heats, humidifies, filters and 
circulates the air. Steel-firebox 
models from 70,000 to 130,000 
Btu output. Cast-iron firebox 
models from 50,000 to 200,000 
Btu output. ^^Bonderized” and 


insulated jacket. The Airtemp 
^‘Silent Flame” Gas Burner 
starts, stops and operates quiet- 
ly, has many exclusive features 
— no popping or flash-backs. 
Approved, A.G.A. Laboratories. 


PERCOLATOR BOILERS— OIL- OR GAS-FIRED 


Three oil-fired models from 400 
to 1700 E.D.R. (steam). Three 
gas-fired models from 400 to 
1050 E.D.R. (steam). Fire 
chamber surrounded with water 


on all sides and bottom. High 
efficiency and faster heating re- 
sult from “percolator” principle. 
Steam or hot water. “Bonder- 
ized” and insulated jacket. 


COAL FIRED FURNACES 

Forced-air models in cast iron 
and steel. Sizes from 226 to 
346 sq in. grate area in steel — 
and from 258 to 384 sq in. grate 
area in cast iron. Oversized 
blower motor mounted in rubber. 


OIL B1 

Model A-8; A conventional oil 
burner, .75 to 1.35 gallons No. 3 
furnace oil per hour. 

Model B-9: The exclusive 
Airtemp Twin Airflow Oil Bur- 
ner, 1.35 to 3.0 gallons No. 3 
furnace oil per hour. Air for 
combustion is furnished by two 
fans and adjusted at the outlet, 
not the inlet of the fans. 

Model B-10 and C-10: A 
conventional pressure-atomizing 
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FORCED-AIR— GRAVITY 

has automatic overload and low- 
voltage protection. Gravity 
models in cast iron and steel — 
sizes from 226 to 452 sq in. grate 
area, steel; 204 to 452 sq in. 
grate area, cast iron. 


oil burner, 1.35 to 4.5 gallons 
No. 3 furnace oil per hour. 

All Airtemp Oil Burners are 
approved by Underwriters’ Lab- 
oratories, Inc., and bear the seal 
of the Official Inspection Agency 
of the Oil Burner Industry as 
evidencing compliance with com- 
mercial Standard CS75-39, as is- 
sued by the National Bureau of 
Standards of the U. S. Depart- 
ment of Commerce. 


Air Conditioning 


Automatic Equipment; 
Fan Furnace Systems 


L. J. Mueller Furnace Co. 

Established 1867 

2009 W. Oklahoma Ave., Milwaukee 7, Wis. 


Mueller Gas-Fired Equipment 



Series “EPS” 


This winter air conditioner 
is available in three sizes, 
with A.G.A. input ratings 
from 90,000 to 180,000 
Btu. Each size is avail- 
able with various size 
blowers in accordance with 
individual air delivery re- 
quirements. 



Series “SHP” 


Winter air conditioner. May 
be installed in basement or 
utility room. Available in 
three sizes, with A.G.A. in- 
put ratings from 60,000 to 
100,000 Btu per hour. Pro- 
vides wide range of air 
deliveries to meet specific 
needs. 



Series “CVP’» 


An all-cast-iron winter air 
conditioner for basement 
or utility room installa- 
tion. Furnished in one 
size, with A.G.A. input 
rating of 100,000 Btu per 
hour. Adjustable motor 
sheave permits variation 
in air deliveries. 



Series “G” 

A gas-fired gravity unit 
for home applications. 
Made in two casing styles, 
i.e., square, as shown, 
and round. Furnished 
in two sizes, with A.G.A. 
input ratings of 90,000 
and 135,000 Btu per 
hour. 




Gas Era Boiler 

Series “AE” (shown) and 
"A” have A.G.A. ratings 
from 180 to 1,260 sq. ft. 
steam, and 290 to 2,015 
sq. ft. hot water. “C” 
boilers from 420 to 
12,600 sq. ft. steam, 
670 to 20,100 sq. ft. hot 
water. 
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Unit Heater 

For large space-heating re- 
quirements, and industrial 
applications. Units are 
available in 45 sizes, A.G.A. 
approved, from a 4-section 
unit with input of 180,000 
Btu per hour, to the 48-sec- 
tion size, with input of 
2,160,000 Btu per hour. 




L J. Mueller Furnace Co. Air Conditioning • 



Series “FB” 

Cast-iron, coal-fired 
winter air conditioner. 
Six sizes, with capaci- 
ties at register from 
69,000 to 199,000 Btu. 


Series “P-400” 

Steel, coal-fired winter air 
conditioner. 4 sizes, 20 in. to 
27 in. drums, with capacities 
at register ranging from 79,000 
to 141,500 Btu per hour. 


Series “AP” 

Cast-iron, coal-fired winter air 
conditioner. Six sizes, 20 in. 
to 33 in. firepots, with forced 
air capacities ranging from 
93,000 to 269,000 Btu. 



Series “WR” Stoker Furnace Horizontal Tubular 


Cast-iron, coal-fired fur- Winter air conditioner. Adaptable for schools, churches 

nace. Two styles, i.e., Any stoker may be used, and other large buildings. Three 

forced air and gravity. Cast-iron heating unit, sizes, with capacity range from 

One size only. Forced Available in two sizes, 1,188,000 to 1,390,000 Btu per 

air capacity, 72,000 Btu. with capacities of 110,000 hour. For gravity or forced air 

Gravity, 42,000 Btu. and 175,000 Btu. applications. 
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Air Conditioning 


Auioma.tic Equipment 
Heating Systems 


NORGE HEATING and CONDITIONING DIVISION 

BORG-WARNER CORPORATION 

12345 Kercheval Ave., Detroit, Mich, 



NORGE Fastemp OIL-BURNING FLOOR FURNACE 
Model OG-60 — 60,000 Btu, Bonnet Output 

Modern “under-floor** vaporizing unit, needs no furnace 
room. Extends down only 36 inches, controlled from the room 
above through floor grille. Low first cost (about the same as 
a space heater), no duct work or pipes. 

“L”-shaped heat distributor with 25-40 per cent more 
heating surface and Permolain finish inside and outside to 
resist heat, acids, soot, rust; Down-Draft Whirlator feeds air 
into heart of flame; automatic chimney draft regulator; con- 
stant-level oil meter; 36 in. high, 28 in. wide, 40 in. deep. 



NORGE Fastemp OIL-BURNING FURNACE 
Model OB-60 — 65,000 Btu, Bonnet Output 

Gravity circulation vaporizing unit for basement installation. 
A “package** unit, ready to set in place and connect to ducts, 
and oil supply. Low first cost (about the same as a space 
heater) and low installation cost. Economical. 

“L**-shaped heat distributor with 25-40 per cent more 
heating surface and Permolain finish inside and outside to 
r^ist heat, acids, soot, rust. Down-Draft Whirlator feeds 
air into heart of flame; automatic chimney draft regulator; 
constant-level oil meter; thermostatic control; 44 in. high, 
26 in. wide, 40 in. deep. 



NORGE Fastemp OIL-BURNING FURNACE 

Model OA-63 — 65,000 Btu, Bonnet Output Basement, 
70,000 B. T. U. Output First Floor 

Modern, semi-automatic vaporizing unit for installation in 
ground floor utility room, pit or basement. Actually costs 
less than many an old-fashioned furnace. 

Silent, rubber-mounted blower, thermostatic control, 
800 C. F. M.; “L**-shaped heat distributor with 25-40 per cent 
more heating surface and Permolain finish inside and outside 
to resist heat, acids, soot, rust; Down-Draft Whirlator; 
automatic chimney draft relator; constant-level oil meter; 
44 in, high, 24 in. wide, 40 in. deep. 



NORGE OIL-BURNING FURNACE 

Model OD-70 — ^70,000 Btu, Boimet Output Pressure 
Vaporizing 

Specifically designed for Government Agency contracts. 

Modem, vertical unit; 500-900 C. F. M. Only 26 in. 
square, can be installed 2 in. from wall either side. Converts 
to winter air conditioner by adding filters and humidifier. 
Long life Permolain heat exchanger. Automatic draft sup- 
plied by 2-stage fan; low voltage thermostat; combination fan 
and limit control; safety float valve; fast, low-cost installa- 
tion; factory wired; all controls fully automatic; meets every 
government code regulation including CS-75-39; 67 in. high, 
26 in. square. 
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Air Conditioning 


Automatic Equipment 
Heating Systems 


NORGE HEATING AND CONDITIONING DIVISION 
BORG-WARNER CORPORATION . . . DETROIT, MICH. 

NORGE OIL-BURNING WINTER AIR CONDITIONER 

Model OE-80 — 80,000 Btu, Bonnet Output 

Horizontal pressure — vaporizing unit, 900 C. F. M.; for jobs 
requiring greater capacity than average small home. Base- 
ment or utility room installation within 2 in. of one sidewall 
and 9 in. at back. Permolain heat exchanger. Automatic 
draft from 2-stage fan; low voltage thermostat; combination 
fan and limit control; safety float valve; safety warp switch; 
fast, low cost installation; all controls fully automatic; meets 
every government code regulation including CS 75-39; 50 in. 
high, 26 in. wide, 47 in. deep. 


NORGE OIL-BURNING WINTER AIR CONDITIONER 

Model 0-90 — 90,000 Btu, Bonnet Output 

Fully automatic pressure atomizing type unit. ^ 950 C. F. M.; 
automatic draft by “pull-through” fan; 1 — 20 in. filter, single 
power unit; centralized visible servicing, low operating cost; 
quick low-cost installation; factory wired; automatic humi- 
difier; horizontal firing tunnel; spiral “ramp” economizer; 
electric ignition; 53H in* bi&b x 33 in. wide x 49 in. deep. 


NORGE OIL-BURNING WINTER AIR CONDITIONER 

Model 120 — 120,000 Btu, Bonnet Output 

Fully automatic pressure-atomizing type, oil-burning unit. 
1200 C. F. M.; automatic draft by “pull-through” fan; 
2 — 16 X 25 in. filters; with automatic safety by-pass single 
power unit; centralized visible servicing; low operating cost; 
quick low-cost installation; factory wired; factory tested; 
automatic humidifier; horizontal fire tunnel; spiral “ramp” 
economizer; electric ignition; basement or utility room instal- 
lation; 62 in. high, 40 in. wide, 57 in. deep. 


NORGE OIL-BURNING WINTER AIR CONDITIONER 

Model BO-9 — 165,000 Btu, Bonnet Output 

Modern, brilliantly engineered, deluxe unit for the larger 
home. Efficiency rating 84 per cent; 1500 C. F. M.; 2 filters 
with automatic safety by-pass; pressure atomizing oil burner; 
low operating cost; quick low-cost installation; factory tested; 
automatic humidifier; horizontal fire tunnel; spiral “ramp” 
economizer; electric ignition; 64 in. high, 40 in. wide, 68 in. deep. 

SEE NORGE BEFORE YOU BUY! 

Send for detailed information regarding these Norge Units. 
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Air Condiiioning 


Automatic Equipment; 
Heat mi 


( Skiftihoit Industries, Inc. 

/ Heating Division 


7924 Riopelle Street 

Detroit 11, Michigan 



Tempered-Aire Unit 


TEMPERED-AIRE UNIT 

A high efficiency, direct fired heating unit 
incorporating a large- volume firebox, an integral 
economizer, a coordinated oil burner combus- 
tion chamber firing unit, a flash-type humidifier, 
washable cloth filters, and a low speed, resilient- 
mounted blower. 

The primary transfer of heat occurs in the 
large firebox, having its outlet at the bottom, 
through which the hot gases pass down into the 
economizer. Here the gases divide into long 
thin slices, within the economizer tubes. Each 
tube is swept at high velocity by cold return air 
from the blower. The rapidly flowing cool air 
absorbs a maximum of heat from the econo- 
mizer surfaces. 



TYPE “O” OIL FIRING UNIT 

The burner and fire bowl combustion 
chamber are built together as an actual unit, 
with the back end of the fire bowl forming a 
windbox containing air for combustion at 
sufficient pressure to offset the effect of draft 
variations. Air from the windbox passes 
through metering chutes, set at an angle to 
cause rotation. Both air and oil rotate and 
intermingle in a conical spray, resulting in a 
definitely controlled flame entirely contained 
Oil Burner Combustion Chamber Firing Unit within the fire bowl. 


OIL-FIRED BoUer-Bumer UNITS 

An internally fired, downdraft, high 
efficiency Boiler-Burner Unit em- 
ploying the same firing unit used in 
the Tempered- Aire Furnace-Burner 
Unit. 



Hot Water Type Boiler-Burner Unit 


Steam Type Boiler-Burner Unit 


The oil-fired Boiler-Burner Units are made in 
two types, an obround design having a steam 
chest for steam systems and a cylindrical design 
for hot water systems. The steam type is 
available with a built-in tankless water heater. 
The hot water type can be supplied with a 
domestic water storage tank having an inte^al 
water heater all contained within the boiler 
jacket. 
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Air Conditioning 


Automatic Equipment; 
Direct-Fired Units, Unit Heaters 


Lee Engineering Company 


Union National Bank Bldg., Youngstown, Ohio 
LEE DIRECT WARM AIR HEATING 

Is Ideal for War and Post-War Construction 

1. Less critical materials are required. The Lee Heater can be installed with non- 
metallic or masonry ducts and operated without steam valves, pressure gauges, flow 
meters or other critically scarce instruments. 

2. Installations can be made without delay. A Lee Heating System can be installed 
more quickly and with less expense than most other types of heating systems. 



Lee Central System. Brtck-set Tubular Heater. Atr to he 
heated passes through steel tubes counter-current to hot 
gases surrounding tubes. 



Lee Central System — Steel-encased Tubular Heater 



3. Any fuel can be used. Lee 
Direct Air Heating Systems 
operate with any fuel and 
less of it. 

4. Air-to-Fuel efficiencies of 
80 per cent to 90 per cent 
are obtainable. The Lee 
System of air distribution 
supplies heat exactly where 
needed and when needed, 
without waste. 

5. No skilled attendance re- 
quired. Unlike a steam 
boiler, the Lee Heater re- 
quires no licensed engineer. 

Heaters for use with the Lee 
System are made in the three 
types illustrated and described 
briefly below. 

The Lee Brick- set Heater 
is generally furnished in sizes of 
from 3,000,000 to 8,000,000 Btu 
per hour, for use as a centrally 
located heater connected by 
duct work to the space being 
heated. 

Lee Steel-encased Heater. 
The operation of this heater is 
similar to that of the brick-set 
heater shown above. This type 
of heater is usually furnished in 
sizes of from 1,500,000 to 
6,000,000 Btu per hour. 

The Lee Unit Heater differs 
from the Lee Central System 
Heaters in that the Unit Heater 
is made in relatively small, 
standardized , self - contained 
steel-encased models of up to 
1,500,000 Btu per hour capacity, 
for operation either as a unit 
heater without connecting ducts 
or as a central heater with ducts. 


Lee Unit Heater 
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write for Catalog HVG. 




Air Conditioning 


Unit Heaters 
and Coolers 


Airtherm Manufacturing Company 

728 S. Spring Ave., St. Louis, Mo. 

THE ENGINEERED LINE OF UNIT HEATERS 



DIRECTHERM 

UNIT HEATERS 

HEAT LARGE AND SMALL 
PLANTS ECONOMICALLY 

They require no costly pipe or duct work 
and can be installed in a few hours. The 
heat is evenly distributed and thrown out 
as far as 200 feet. About 80 per cent of 
the fuel energy is utilized. 


AIRTHERM 

UNIT HEATERS 

Extra-heavy tube-wall thickness of .065 in. 

Lead-alloy coated condensers for greatest 
possible protection from corrosion. 

Condensers guaranteed to withstand 
steam pressure up to 150 lbs. per sq. in. 


Directherm Unit Heaters do not require 
any maintenance. All you need is to set 
the automatic controls. 

For coal, gas, and oil. 

Made in 6 sizes (300,000 — 1,700,000 
Btu). 


ENGINEERING SERVICE 

The Airtherm Mfg. Co. Engineering 
Department and District Representatives 
are at all times available for consultation. 
At your request we will place experienced 
engineering aid at your disposal. Repre- 
sentatives in all principal cities. 



For Bortzonial Delivery 
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Air Conditioning • 


DRAVO CORPORATION 

HEATER DEPARTMENT 

300 Penn Avenue, PITTSBURGH 22, PA. 

Sales Offices in Principal Cities 



Cut away view showing combustion 
chamber principles as applied to gas, oil, 
or combination gas and oil burning units. 
Note corrugated combustion chamber with 
fins and deflectors welded thereto for 
maximum heat transfer efficiency. Econ- 
omizer tubes utilize part of the heat of 
the flue gases. Heated air is discharged at 
top, return air taken in at floor level, a 
practice that concentrates heated air at 
working levels. 


Savings of critical materials and fuel, plus 
lower costs for maintenance and operation 
are factors influencing favorable accept- 
ance of Dravo Heaters. 

War conditions demand speed of instal- 
lation and curtailment in the use of critical 
materials. Dravo Heaters are shipped 
with refractory and firewall in place, are 
installed by simply connecting to fuel and 
power supply, and their construction 
represents a saving in critical metals of 30 
to 40 per cent over conventional steam 
plants with distributing systems. 

Each heater is a self-contained unit, 
operated individually. A heating system 
for any size structure may be formed with 
a combination of one or more heaters. 
Dravo Direct-Fired Heating Systems save 
man-hours, money, transportation — all 
essential to the war effort. 

Dravo Direct-Fired Heaters are used for 
permanent installation and also often used 
to supply temporary heat in new con- 
struction or plant expansion. 

The exceptionally high heat transfer 
efficiency is the result of two fundamental 
design features— first, accurately controlled 
combustion of fuel and air, and second, 
highly effective transfer of heat to air. 
Standard stock sizes are obtainable with 
hourly Btu outputs as shown in drawings 
below. Dravo Bulletin No. 505 with 
detailed description mailed on request. 


Specification Data Sheets for any type or capacity are furnished on request. 



Discharge . Rear Fired 
. . . Standard V-Belt Drive— Wide variety of applica- 
tions using either natural or manufactured gas. 


A * j Discharge . . . Front Fired 

fet^dard V^Belt Drive — Economical fuel consumption 
obtainable in models for light oil or heavy oil. 


GAS-OIL COMBINATION 
controls for each fuel. 


. . . Separate burner and 


... Equipped with either hopper or bin feed 
stoker— 750,000 to 4,000.000 Btu convertible to gas 
or oil. 
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Dravo Corporation 


Air Conditioning 


Industrial Heating; 
Direci-Fired Heaters 



There are 47 Branch and Sales offices 
stragetically located to extend quick co- 
operation on heating problems. 


Right. Hopper feed model, capac- 
ities 750,000 to 4,000,000 Btu 
output per hour. Also available 
for bin-feed. Anthracite or Bitu- 
minous coal. 


COAL FIRED SERIES 
— the Dravo coal-fired, 
self-contained Heater is 
particularly adaptable in 
areas where coal is the 
cheapest or easiest fuel 
to obtain. Coal fired 
heaters may be con- 
verted to either gas or 
oil firing should con- 
ditions change. The 
entire series of Dravo 
Direct-Fired Heaters has 
the utmost flexibility. Enough applica- 
tions, combinations and adaptations are 
available to meet any set of reasonable con- 
ditions. The same unique^ principle of 
corrugated, welded combustion chamber, 
with its multiplicity of welded fins and 
deflectors, is employed. The entire series 
has the DRAVO non-clinkering air-cool^ 
setting incorporated in the design. Avail- 
able for either bituminous or anthracite 
coal; equipped with either hopper feed or 



bin-feed stoker, installed under either end 
of the heater. Capacities: 750,000 to 
4,000,000 Btu per hour output. 

There are two models of Dravo Direct- 
Fired Coal Heaters specially designed for 
large unit applications which can be used 
as central heating plants. Overhead or 
underground duct systems may be installed 
when necessary. These large models are 
available in ratings from 4}^ to 10 million 
Btu output per hour. 


Specification Data Sheets for any type or capacity are furnished on request. 


CENTRAL HEATING SYSTEMS 
. . . Dravo Heaters of any type can be set and 
used in series to perform as a central hating 
system to meet most demanding conditions. 

Non-metallic ducts are used to convey 
warm air to all points desired. The ad- 
vantages over a central steam plant and 
distributing system are; saving considerable 
amounts of critical materials, economy of fuel 
consumption, lower first cost, and lower 
operating costs. When not needed for heat, 
they can be used as a ventilating system, 
either for the removal of fume conditions or 
supply of fresh air to increase work produc- 
tion in summer time. 

A Typical Case Pictured at Right. 

Problem — ^To provide 32,000,000 Btu. 

Solution — 2 Dravo direct fired Heaters 


set tandem for each of several build- 
ings. Temperatures maintained satis- 
factorily. 



917 



Air Conditioning 


Unit Heaters 
and Coolers 


FEDDERS 

MANUFACTURING COMPANY, INC. 
85 TONAWANDA ST. 

BUFFALO^ NEW YORK 



FEDDERS UNIT HEATERS 
Horizontal Type 

Standard horizontal delivery Unit 
Heaters built in well graduated sizes 
from 100 to 1000 EDR capacities. 
Handsome, rugged, mono-piece cabi- 
nets — complete relief of expansion 
stresses within the core as well as 
between core and cabinet — latest type 
broad blade fans and streamlined 
shrouds provide large air volume, quiet 
operation and maximum efficiency. 
Large BTU capacity with low final 
temperatures assure ideal working con- 
ditions. 

FEDDERS UNIT HEATERS 
Vertical Type 

Designed for high ceiling installations 
where supply and return piping will not 
interfere with overhead equipment such 
as craneways, shafting, tall machinery. 
High velocity fan delivers heated air 
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Air Conditioning 


Unit Heaters, 
Coolers 



ILG Electric Ventilating Co. 

2880 North Crawford Ave,, Chicago, 111. 

Offices in 38 Principal Cities 


Horizontal Type Unit Heaters — have Self-Cooled 
Motor which counteracts coil heat — never “slow- 
roasts.” Two piece header for “balanced” steam dis- 
tribution — orifice bushings expand tubes uniformly in 
header plate. Fins are pressed into round tubes for 
permanent union — no brazing, soldering, or welding. 
Certified ratings. “One-Name- Plate” Guarantee. 40 
capacities. Get Catalog No. 341. 


Vertical Type (left) — 
recommended for extreme- 
ly high or extremely low 
ceilings. 



Textile Type (right) — 
for use where lint, etc., 
ordinanly adheres to fin 
surfaces and clogs up the 
coils. 10 capacities. 



Low-Ceilii>g 
Type (right)— 
has side steam 
connection s 
which make pos- 
sible an extreme- 
ly compact in- 
stallation in 
locations where 
head-room is at 
a premium. 




ILG Electric Unit Heaters 

STANDARD TYPE TYPE “HT’ 


For instant, clean, 
safe, dependable 
heating. Coil is of 
black heat type which 
operates below 400 
degrees. Protected 
patented automatic 
thermal cut-out and 
magnetic starter. 
Sizes, 5 KW to 48 
KW. Get Bulletin 
No. 802. 


For installations re- 
quiring a small volume 
of heat. Exceptionally 
efficient. Suitable for 
constant duty. Black 
heat type coil with in- 
dividually interchange- 
able elements. Auto- 
matic circuit breaker 
protects ILG Self-Cool- 
ed Motor from over- 
load. to 4 KW. 



ILG Cooling and Air Conditioning Units 

Ceiling type units for use singly or in rnultiple with remotely 
located refrigerating machine circulating direct expansion 
“Freon” or methyl chloride; or with cold water. For cooling, 
dehumidifying and recirculating. Also combination units for 
both cooling and heating. Write for Catalog. 

For ILG Fans and Blowers, see pages 984-985 



919 



Air Conditioning 


Unit Heaters 
and Coolers 


Kramer Trenton Co. 

Manufacturers of 

HEATING, COOLING AND REFRIGERATION DEVICES 

Trenton, New Jersey 



KRAMER UNIT HEATERS 

All-copper heating element. Oval-section tubes with 
hair-pin bends. High discharge air velocity insures 
proper heat distribution. For pressures up to 150 lb. 

Send for Bulletin II-I4I 


KRAMER COPPER CONVECTORS 

All-copper heating element. Oval tubes with fins 
metallically fused to tubes. Noiseless operation. 
Guaranteed for operating steam pressures up to 50 lb* 

Send for Bulletin H-S40 




HEATING and AIR CONDITIONING 
UNITS for Residential Use 

Designed for split-system installations. A range of 
sizes adaptable to residential requirements. Rubber 
mountings and flexible connections minimize noise. 
Send for Bulletin SS-'S41 


KRAMER COMFORT COOLERS 

Suspended type for small tonnages — 1 to 3 tons — 
and for remote compressor operation. All-copper 
coils. Specially designed grille for proper diffusion. 

Send for Bulletin R-142 



KRAMER TURBO-FIN 

For blast heating and cooling. All-copper blast 
surfaces; fins metallically fused to tubes. Air side 
flow-disturbers. Coil finished in electro tin plate 
for permanence. 

Send for Bulletin A C-64O 


KRAMER AIR CONDITIONING UNITS 
Ceiling and Floor Type 

Wide variety of sizes and capacities — 2 to 30 tons in 
cooling; 65,000 to 1,280,000 Btu per hour in heating. 
Accurately rated. All-copper Turbo-fin coils; fiber- 
glas air filters. Complete cabinet types for either 
floor or ceiling mounting. 

Send for Bulletin A C-440 
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Air Conditioning 


Unit Heaters 
and Coolers 


Kramer Trenton Co. 

Manufacturers of 

HEATING, COOLING AND REFRIGERATION DEVICES 

Trenton, New Jersey 


HEAT TRANSFER PRODUCTS 

BLAST COOLING COILS • BLAST HEATING COILS • AIR CONDITIONING UNITS 
COMFORT COOLERS • UNIT HEATERS • COPPER CONVECTORS • FINNED 
COILS • BARE TUBE COILS • PLATE COILS • CONDENSERS • HEAT INTER- 
CHANGERS • WATER COOLING EVAPORATORS • ICE MAKERS • UNIT 
HEATERS; — Coolmaster Panel Type — ^Floor Type — ^Freezing Oven — ^Freezing Shower — 
COMBUSTION ENGINE 

RADIATORS • OIL COOLERS 

KRAMER Balance Loader SYSTEM 



The KRAMER Balance Loader SYS- 

TEM — (Patented) is a modulating refrig- 
eration system capable of varying from 
0 per cent to 100 per cent of full load, and 
maintaining a fixed minimum back pres- 
sure in the suction line and in the com- 
pressor crank case. The KRAMER 
SYSTEM will automatically compensate 
for varying evaporator loads, resulting in 
an infinite number of compressor capacity 
points, giving straight line capacity 
modulation. 

The KRAMER SYSTEM gives a full 
range of modulation at a fixed minimum 
back pressure throughout the entire low 
side. 

Referring to the diagram — the Bal- 
ance Loader is fundamentally a heat 
changer consisting of a direct expansion 
coil (a) within a cylinder shell (b). The 
expansion coil is controlled by an auto- 
matic expansion valve (c) set to operate 
at a predetermined pressure. The hot gas 
from the compressor is passed through the 
shell of the Balance Loader before going 
to the main condenser. 

As the heat load at the evaporator is 
reduced, the resulting reduction in suction 
pressure opens the automatic expansion 
valve at the Balance Loader which will 


automatically maintain the suction pres- 
sure at a constant predetermined level. 

Among the Advantages achieved by 
the use of the KRAMER SYSTEM are a 
constant back pressure in suction line and 
crank case, elimination of lubricating and 
seal troubles due to unusually low crank 
case pressures, prevention of icing of air 
conditioning coils, partial flooding of the 
evaporator is made possible, close control 
is achieved, complicated and excessive 
control instrumentation is eliminated. 

The KRAMER SYSTEM can be 
applied to new or existing refrigeration 
systems. It can be used in conjunction 
with air conditioning, industrial cooling, 
liquid cooling and commercial refrigera- 
tion. It is particularly adaptable to 
systems having wide heat load fluctuations 
and where precision control is required. 
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Air Conditioning 


Unit Heaters and Coolers 
Heat Transfer Surface 



4821 Easton Ave., St, Louis- 13, Mo, 

Manufacturers of 
AIR CONDITIONING UNITS 
REFRIGERATION BLOWER UNITS 

FINNED COILS 

AIR CONDITIONING COILS: Direct Expansion Coils— Cold Water Coils— 
Brine Coils. 

HEATING COILS: Steam Coils— Hot Water Coils. 

COILS FOR SPECIAL APPLICATION: Evaporative Condenser Coils— Drier 
Ovens — Steam Coils for Food Dehydration — Central Station Air-Con- 
ditioning Units — Comfort Coolers. 



KENNARD Water Cooling and Heating 
Coils. Ferrous or Non-ferrous coils for 
cooling with brine or cold water and for 
heating with hot water. 



KENNARD Ceiling Type Air Con- 
ditioning Units. Ten sizes. Two to 35 
tons cooling capacity range and 40,000 to 
1,250,000 Btu’s range in heating. Various 
arrangements of discharge, filter box, 
motor drive. 



KENNARD Floor Type 
Am Conditioning Units. 
Eight sizes. Capacities 
range from 4 tons to 35 
tons in cooling; 60,000 to 
1,250,000 Btu’s in heating. 
Various arrangements of 
discharge, filter box, 
motor drive. 


KENNARD Steam Coil 
Core. A complete range of 
ferrous and non-ferrous 
steam heating coils. Steam 
coils can be furnished in 
non-freeze t 5 ^e with steam 
distributing tubes. 


KENNARD RS Unit. 100 
per cent utilization of coil 
the Kennard Way. Full 
coil surface is utilized when 
air is drawn through coil. 
Units for brine, freon, am- 
monia and methyl-chloride. 
9 sizes basic capacity ratings 
410 Btu’s to 1521 Btu’s. 


We are equipped to fabricate most types of STEEL COILS— available either 
hot dipped galvanized or paint dipped. COPPER COILS on W.P.B. approval. 

WRITE FOR COMPLETE INFORMATION 
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Unit Heaters 
and Coolers 


D. J. Murray Mfg. Co. 

Wausau, Wisconsin 

Offices in Principal Cities 

MANUFACTURERS OF THE GRID UNIT 



Now made of high test cast iron in- 
stead of aluminum heating sections, 
to cooperate with the war effort in 
conservation of vital materials. Patent 
applied for. 



Overall dimensions for installation of Cast Iron 
GRID Unit Heater 


Designed and tested to operate with 
steam or hot water systems — ^for 
steam pressures from 2 lbs to 250 lbs. 
Engineered along the same lines as 
the standard GRID Unit which had 
aluminum heating sections and has 
been on the market since 1929. 


Cl (CAST IRON) SERIES GRID UNIT HEATER DATA 


Model 

Dimensions 

Motor 

VoL 

Fan 

Cfm 

Capacities 

5PsiSteam60*F 

Approx. 

^p. 

Lb<. 

Pipe Size 

S^rt 

Diam. 

No. 

A 

B 

C 

D 

E 

Hp 

Rpm 

Btu/ 

Hr 

Final 

Air 

TMP®F 

Supply 

Return 

CMOOO 

113/4 

10/2 

12/4 

\m 

16 

1/20 

1750 

675 

30010 

101 

160 

1/4 

1/4 

Vi 

Cl-1200 

14J^ 

13H 

121/4 

13^6 

19H 

1/8 

1750 

1142 

54000 

103 

230 

1/4 

1/4 


CM 500 

17/2 

155^ 

12 

16 

23J<g 

1/8 

1750 

1500 

76500 

107 

300 

1/2 

1/4 

Vi 

Cl-2000 

22H 

208^ 

12 

21^6 

28^ 

1/6 

1150 

2600 

143000 

no 

500 

2 

11/4 

Vi 

Cl-2504 

271/2 

253^ 

13 

25>g 

351/4 

1/4 

1150 

3300 

206000 

117 

675 

2* 

11/4 

H 

Cl-2500 

271/2 

25Ji 

13 

253^ 

351/4 

1/2 

1150 

4350 

224000 

107 

700 

2* 

1/4 

% 

C1.3000 

32H 

31 

13 

31 

401/2 

1/2 

850 

6300 

332000 

108 

1025 

21 / 2 * 

1/4 

% 

Cl-3000 


31 

13 

31 

401/2 

1/2 

1150 

8000 

380000 

103 

1075 

21 / 2 * 

IV4 

H 


♦Furnished also with 2 in. top supply connection inlet. 


NO ELECTROLYSIS TO CAUSE CORROSION 

Low maintenance expense. Lower outlet temperature. 

More air changes per hour. • Larger air volume. 

Positive ' ‘ directed ’ ’ heat. No soldered, brazed or expanded j oints. 

No leaks — no breakdowns. Open design that keeps units clean. 

Send for complete catalog information 
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Air Conditioning 


Unit Heaters 
and Coolers 


McQuay, Inc. 

1602 Broadway, N.E., Minneapolis, Minn. 

MANUFACTURERS OF AIR CONDITIONING EQUIPMENT 

Sales Offices In all Principal Cities 


• Air Conditioners 

• Air Conditioning Coils 

• Blast Heating Coils 

• Refrigeration Coils 

• Convection Radiation 

• Unit Heaters 

• Unit Coolers 


PROVEN 



• Comfort Coolers 

• Blower Coolers 
(Suspended & Floor Type) 

• Room Coolers 
(Cabinet Type) 

• Ice Cube Makers 

• Icy-Flo Accumulators 

• Zeropak Low Temp. Units 


THE EXCLUSIVE McQUAY RIPPLE-TUBE 
COIL ASSEMBLY 

The McQuay Fin and Tube assembly in all Mc- 
Quay coils and cores is one of the reasons McQuay 
products are considered “Tops in Over- All Efficien- 
cy” by many heating and refrigeration authorities. 

Heat transfer efficiency primarily depends on three 
elements in coil construction. First, “Area of Con- 
tact,” Second, “Contact Pressure” and finally 
“Quality of Contact” between collar and tube. 

In McQuay coils all three necessary elements are 
found developed to their highest degree. The 
famous McQuay “Wide Fin Collar” plus Exclusive 
Hydraulic Expansion together with the polished sur- 
face, secured by “spinning” the fin collar, truly 
provides the last word in Heat Transfer. 




STANDARD CONVECTOR 



COMBINATION 
COOLING COIL 


McQUAY STANDARD CONVECTORS 

The Standard all purpose Convector has been designed to meet 
all heating requirements. They are available for free standing, 
partially recessed, fully recessed and wall mounting applications. 

All enclosures are constructed from high grade steel, properly 
reinforced to make a sturdy cabinet. 

The heating element is constructed of a series of round tubes 
to which are attached die formed radiating fins, which are 
bonded to the tubes by an exclusive process. 

We offer the services of our Engineering and design department 
to help solve your heating problems. 



WATER COIL 



MORE THAN 1,000,000 STANDARD COIL TYPES AND SIZES 
McQuay manufactures the most complete line of Standard Coils in the Industry. 
Coils for Heating — 1 to 10 rows deep using low or high pressure steam or hot water. 
Non-Freeze — (steam distributing tube) type coils 1 and 2 rows deep. 

Removable Plug — (cleanable tube) type coils 1 to 12 rows deep. 

Water Coils for Cooling — 1 to 12 rows deep. 

Direct Expansion Coils — for cooling 1 to 10 rows deep. 

Refrigeration Coils — all types and sizes. 

Special Coils — of various materials furnished on order for special applications. 
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McQuay, Inc. 


Air Conditioning 


Unit Heaters 
and Coolers 



AIR CONDITIONER 
(YEAR-ROUND) 


All McQuay Units are available in a 
large range of sizes, under applicable 
government regulations for Army, 
Navy, Maritime Commission, Coast 
Guard and essential industries. Write 
for Descriptive Bulletins. McQuay, 
Inc,, 1602 Broadway St. N.E., Minne- 
apolis, Minnesota. 



ACCUMULATOR 
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Air Conditioning 


Unit Heaters 
and Coolers 


Modine Manufacturing Company 

Heating and Air Conditioning Division 
General Offices: 17th and Holburn Sts., Racine, Wis. 
Factories at Racine, Wis. and La Porte, Ind. 

Branches in all Principal Cities 


MODINE UNIT HEATERS 



Front View 


★ 

VERTICAL 

DELIVERY 

MODELS 

★ 


Back View 


Bottom View 




HORIZONTAL DELIVERY 
MODELS 

Available with either steel or copper 
condensers. WPB Order restricts the use 
of copper condensers to shipboard ap- 
plication. 

Steel Condenser — Heavy cylindrical 
steel tubes and headers are brazed into 
integral, pressure-resisting units. Steel 
fins permanently bonded to tubes with 
metal . Entire condenser assembly is given 
protective lead-alloy coating to reduce 
corrosion hazard. Expansion provided for 
by floating lower header, heavy tubes and 
parallel heavy brazing. 

Direct - Pipe - Suspension — Modine 
patented feature permits suspending unit 
directly from supply line without additional 
time ^ and labor wasting supports; also 
permits complete rotation of unit for 
redirection of air stream. 

Bonderized Casing — Casing protected 
from rust by Parker Bonderizing. 

Safety Fan Guard — Staunch, steel 
safeguard built into unit protects against 
danger of unshielded fan. 


CAPACITIES AND DIMENSIONS 
(For Steel-Condenser Units) 


Model 

No. 

Btu/ 

hr* 

Cfin 

Rpm 

Over- 

aU 

Width 

Depth 

Less 


Height 


Motor 

H- 140 S/S 

33,600 

550 

1635 

173/4^ 

14'/4^ 

9"' 

B. 170 S/S 
H- 250 S/S 

40,800 

60,000 

600 

1060 

1530 

1145 


19/r 

r 

\V 

H. 350 S/S 

84,000 

1510 

1120 

ir 

19^ 

ir 

H- 490 S/S 

117,600 

2300 

1110 

XNf 

23"' 


H- 580 S/S 

139,200 

2440 

1125 

niff 

23"^ 

\\</f 

H. 660 S/S 

158.400 

2660 

1120 


IW 


H- 715 S/S 

171,600 

2970 

1115 


l4/f 

\w 

H- 820 S/S 

196,800 

3640 

1130 



IS"' 

H.I000S/S 

240,000 

4350 

1115 

2W 

13"' 


Available with steel or copper con- 
densers; the latter being restricted to ship- 
board application. 

Heavy steel tubes and headers brazed 
into rugged unit of steam carrying pas- 
sages. Steel fins metallically bonded to 
tubes. Entire condenser coated with lead 
alloy for protection against corrosion. 
Square shape of condenser provides uni- 
form distribution of expansion stresses and 
absence of strain at points where injury 
might result. Parallel alignment of fins 
reduces possibility of dirt lodging between 
fins and clogging condenser. 

Cone- Jet Deflectors — Verticals are 
regularly equipped with radial or spoke- 
like deflector assemblies illustrated above. 
Individually adjustable deflector blades 
make possible delive^ of high, narrow jet- 
like cone of heated air from high elevation 
... or low, broad, softened- velocity cone 
from low elevation. 

TrunCone Deflectors — Vertical’s can 
be furnished with special deflectors for use 
on units mounted at heights lower than 
recommended for Cone- Jet Deflectors. 


CAPACITIES AND DIMENSIONS 
(For Steel- Condenser Units) 


Model 

No. 

Btu/hr* 

Cfm 

Rpm 

Overall 

Dimension 

(Square) 

V-620uS/S 

149,000 

2660 

1725 

33* 

V-64a5/S 

153,700 

2840 

1140 

33* 

V-780^/S 

187,100 

4075 

1725 

33* 

V-840.S/S 

202,000 

3800 

1140 

33* 

V-1050nS/S 

252,000 

5900 

1725 

33^ ^ 

V-HIOS/S 

338,000 

5830 

1140 


V-1990^/S 

478,000 

9310 

1140 

42VJ* 

V-2500lS/S 

600,000 

11130 

1140 

1 


*Btu at 2 lb steam, 60 deg Ent. Air. 







Modine Mant^aduring Company 


Air Conditioning 


Unit Heaters 
and Coolers 


BLAST HEATERS 

For heating, 
ventilating, air con- 
ditioning and in- 
dustrial processing 
systems and food 
dehydration tun- 
nels. All steel con- 
struction. Extra 
heavy tubes brazed 
to headers. Fins 
metallically bonded 
to tubes. Entire 
steel condenser 
coated with corro- 
sion-resistant lead 
alloy. Casing 
Parker-Bonderized 
for rust protection. 
Modine design 
stresses structural 
strength, light weight and highly effective 
heat transfer capacity with the ability to 
handle large volumes of air at lower-than- 
average static pressure losses. Wide range 
of sizes and types available makes it pos- 
sible to meet practically any temperature, 
air movement and size requirement. 



STEAM DISTRIBUTION TYPE 
BLAST HEATERS 


Cross section of steel 
supply header and tube 
showing double-tube con- 
struction 



This line of steel coils is characterized by 
the uniform distribution of steam through- 
out the entire heating surface . . . even 
when steam is partially throttled to meet 
system temperature demands. Inserted in 
each condenser tube is a steam-distributing 
tube having small, accurately sized and 
spaced orifices along its entire length. 
Steam entering the distributing tube is 
uniformly rationed through the orifices 
into the external or condenser tube . . . 
then flows as condensate into the return 
header. 

Uniform steam distribution provides a 
safeguard against freezing of condensate 
and tube damage, eliminating the need 
for preheaters or temi^ing coils. In 
addition to thus simplifying system design 
and control, uniform steam distribution 
solves the problem of stratification in the 
heated air stream. 


CABINET UNIT HEATERS 

Designed for heating offices, lobbies, 
corridors, etc, . . . wherever quick, posi- 
tive distribution of heat combined with 
quiet operation and gentle air move- 
ment are desirable. Has considerably 
greater heat 
output than 
convector of 
equivalent size. 

Employs steel 
heating coil for 
use on steam or 
hot water sys- 
tem. Mounted 
on wall or ceil- 
ing. Capaci- 
ties: 290 Edr. 
and 420 Edr. 



MARINE HEATING PRODUCTS 

Unit Heaters — Horizontal and Vertical 
Delivery types as described on preceding 
page, but with all-copper and copper-alloy 
condensers. 


Ventilation Heaters — 

Standardized 
Navy and Com- 
mercial Marine 
types in pre- 
heater and re- 
heater design. 

Extensively 
used on U. S, 

Navy and Mari- 
time Commis- 
sion ships. All copper condensers. Shock- 
proof construction. Protected against salt 
air corrosion. Variety of sizes and fin 
spacings available. Navy type in ac- 
cordance with latest Bureau of Ships 
General Type Plan. 



Convectors — Standardized Navy and 
Commercial Marine types. In wide 
use aboard Navy and Maritime Com- 
mission ships. All copjiier heating unit. 
Enclosures are light weight, but struct- 
urally strong and built for rugged sea- 
going service. Navy type (illustrated) in 
accordance with 
latest Bureau of 
Ships General Type 
Plan and available 
f or immediate 
delivery. 

Technical Bul- 
letins on complete 
line of Marine heat- 
ing equipment sup- 
plied on request. 
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The Hermah Helsoh Corporatioh 

General Offices and Factories at Moline, Illinois 


Sales and Service Offices in the Following Cities: 


Portland, Maine 
Boston, Mass. 
Westfield, Mass 
New York City, N. Y. 
Syracuse, N. Y. 
Buffalo, N. Y. 
Philadelphia, Pa. 
Harrisburg, Pa. 
Scranton, Pa. 
Pittsburgh, Pa. 
Johnstown, Pa. 
Detroit, Mich. 


Saginaw, Mich. 
Grand Rapids, Mich. 
Toledo, Ohio 
Cleveland, Ohio 
Cincinnati, Ohio 
Columbus, Ohio 
Washington, D. C. 
Richmond, Va. 
Roanoke, Va. 
Charlotte, N. C, 
Birmingham, Ala. 
Miami, Fla. 


Atlanta, Ga. 
Nashville, Tenn. 
Memphis, Tenn. 

New Orleans, La. 
Indianapolis, Ind 
Louisville, Ky. 
Chicago, III 
Milwaukee, Wis. 

Des Moines, Iowa 
St. Louis, Mo. 

Kansas City, Mo 
Oklahoma City, Okla. 


Omaha, Neb. 

Emporia, Kans 
Minneapolis, Minn. 
Dallas, Texas 
El Paso, Texas 
Albuquerque, N. M. 
Tucson, Ariz 
Denver, Colo. 

Salt Lake City, Utah 
Spokane, Wash. 

Los Angeles, Calif. 
San Francisco, Calif. 



HERMAN NELSON 
HORIZONTAL 
SHAFT PROPEL- 
LER-FAN TYPE 
hiJet HEATER 

Designed for ceiling 
suspension, this hi Jet 
Heater projects warm 
air downward in the 
desired direction. Incorporates patented 
stay tube which maintains proper relation- 
ship between headers without increasing 
strain on loops and prolongs life of unit. 
Forty-eight models, sizes and arrange- 
ments. 


HERMAN NELSON 
VERTICAL SHAFT 
PROPELLER-FAN 
TYPE hiJet HEATER 


Discharges verti- 
cally downward, or at 
an angle to vertical in 
various directions. Long 
life heating element in- 
corporates Herman Nelson patented stay 
tube. Unit can be secured with either 
high or low velocity discharge and with a 
wide range of capacities. 

HERMAN NELSON 
DE LUXE 
hiJet HEATER 

Efficient, econom- 
ical, compact, quiet 
and attractive, this 
hiJet Heater provides 
the ideal method for heating offices, show- 
rooms, corridors, stores, show windows 
and has many other similar applications. 
Unit may be placed on floor, wall or sus- 
pended from ceiling. Eighteen models, 
sizes and arrangements. 



HERMAN NELSON 

BLOWER-FAN 
TYPE 

hiJet HEATER 

For efficient heat- 
ing of large areas. 

Can be supplied with 
by-pass damper if 
desired. Streamline 
discharge outlets 
maintain large air 
delivery with high 
velocity. Design of heating element as- 
sures durability and contributes to high 
velocity discharge. For floor, wall, ceiling 
or inverted wall mounting. One hundred 
and fifty models, sizes and arrangements. 




HERMAN NELSON 
UNIT VENTILATOR 

Maintains desired air conditions for 
school classrooms and rooms in public 
buildings. Both classroom and audi- 
torium type units have either damper or 
radiator control. 

Exclusive “draw-through” design pre- 
vents drafts and eliminates over-heating. 
Locating motor in end compartment pro- 
vides additional space for fan assembly 
and use of larger fans running at slower 
tip speeds. 


?r ^ ^eaters and Unit VenUlators are tested and rated in accordance with 
the Standard Test Code adopted jointly by the Industrial Unit Heater Association and the 
American Society of Heating and Ventilating Engineers, 
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The Hehmah Helsoh Corporatioh 


Autovent Fan & Blower Division 

1809-23 N. Kostner Ave., Chicago, Illinois 



AUTOVENT 
DIRECT DRIVE 
PROPELLER FANS 
Tried and proven on in- 
stallations everywhere and 
found to be the most eco- 
nomical form of quality 
ventilation available. 
There are eighteen standard sizes available 
with wheel diameters from 10 to 48 inches 
and capacities from 670 to 15,650 C.F.M. 
For operation against resistance pressures 
there are sixteen high powered models 
with wheel diameters from 12 to 48 inches 
and capacities from 1260 to 22,690 C.F.M. 
An acid resisting model can be obtained 
where desired. When explosive gases or 
fumes are being handled an Autovent 
Explosion Resisting Fan should be used. 

AUTOVENT 
BELT DRIVE 
PROPELLER FANS 

Most economical and ef- 
ficient for public and com- 
mercial building instal- 
lations where slow speed, 
quiet operation is required. 
There are six sizes of the 
Standard Autovent Belt 
Drive Fan with wheel dia- 
meters from 24 in. to 
54 in. There are also six 
sizes of the High Powered 
Belt Drive Fan with the 
same wheel diameters for 
operation against slight 
resistance pressures. Capacities: 5000 to 
23,000 C. F. M. 


justable motor pedestal with vibration 


AUTOVENT 
BELT DRIVE 
UNIT BLOWERS 

Fully self-contained unit 
including motor, drives 
and housing; forwardly 
curved blade wheel; ad- 




dampeners; universal discharge; nine sizes 
with 52 drive combinations. These 
blowers are available with any rotation 
and discharge. Wheel diameters from 
11 in. to 30 in. and capacities from 1035 


iC 


tories, industrial processing and drying 
problems. These compact, direct con- 
nected, motor driven units have universal 
discharge and mount on floor, wall or 
ceiling. Available in five sizes with 14 
speed combinations. Wheel diameters 
from 6J4 in. to 15 in. and capacities from 
360 to 4320 C. F. M. 


AUTOVENT TYPE 
“H” AND TYPE 
“HB” BLOWERS 
For heavy duty venti- 
lating and air con- 
ditioning installations. 

Type “H” — forwardly 
curved blade wheels; 

Type “HB”— back- 
wardly curved blade 
wheels incorporating 
non-overloading power 
characteristic. Single 
or double width, Class 
I or Class II construc- 
tion. Seventeen sizes, 
having wheel diameters 
from 12J4 in. to 73 in. 

Can be furnished to any speed or discharge 
requirements. 



Type H 


to 16,940 C. F. M. 


AUTOVENT 
DIRECT DRIVE 
UNIT BLOWERS 
These Autovent Blowers 
are designed for many 
applications, such as 
fume hoods, toilet venti- 
lation, chemical labora- 


The Complete Line of Autovent Propeller Fans and Blovoers is tested and rated in accordance 
with the Standard Test Code adapted Jointly by the National Association of Fan Manufacturers 
and the American Society of Heating and Ventilating Engineers, 
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John J. Nesbitt, Inc. 

Holmesburg, Philadelphia 36, Pa. 

11 Park Place, New York 7, N. Y. 

Manufacturers of 

THE NESBITT SYNGRETIZER Heating and Ventilating Unit, 

sold by John J. Nesbitt, Inc., and American Blower Corporation; 
NESBITT HEATING SURFACE with Dual Steam-distributing Tubes, 
NESBITT SERIES H HEATING SURFACE, and 
NESBITT SERIES W COOLING SURFACE, 

sold by leading manufacturers of fan-system apparatus; 
WEBSTER-NESBITT UNIT HEATERS (See page 1065), 

distributed in U. S. A. by Warren Webster & Company. 

Consult the manufacturers regarding furnishing all-steel coils. 



NESBITT SYNGRETIZER— Series 400 
The last word in heating and ventilating 
units for schoolrooms, offices, etc., where 
the continuous introduction of outdoor air 
is desired. For engineering data, get 
Publication No. 225-1; for “The Story of 
Syncretized Air,” Publication No. 231-1. 

The Nesbitt Syncretizer is available with non-metallic 
casing. Complete details will he supplied on request. 


Nesbitt Series B Thermovent 
For heating and ventilating auditoriums, 
gymnasiums, assembly halls, and similar 
gathering places. Publication No. 227-1. 


NESBITT COOLING SURFACE 
Series W (Water) 

Surface with exclu- 
sive drain feature 
For air cooling 
and cooling and de- 
humidifying (with 
cold water) or air 
heating (with hot 
water). Construct- 
ed of copper tubes 
and plate-type alu- 
minum fins. Avail- 
able in either con- 
tinuous or cleanable 
tube type, in single 
sections having one 
to eight rows of 
tubes deep, in three fin spacings, in eleven 
fin widths, and up to sixteen finned tube 
lengths. Sturdy galvanized casings. For 
particulars and engineering data send for 
Publications No. 233. {Nol available in steel). 



Uncased Surface 
Showing Dram Header 



NESBITT HEATING SURFACES 
With Dual Steam-distributing Tubes 
Copper tube-and-fin surface for low- 
pressure applications. Perfectly adapted 
to close, continuous automatic control with 
modulating steam valves. Steam-dis- 
tributing tubes within the condensing 
tubes carry the steam equally to the full 
section assuring UNIFORM discharge 
temperatures even under a throttled steam 
supply; eliminating temperature strati- 
fication; preventing tube freezing without 
preheaters; giving ideal system results. 
Cased or uncased units of many sizes 
and capacities. For full particulars and en- 
gineering data, send for PublicationNo. 240. 


For above 
advantages 
plus uniform 
distribution in 
extended fin 
lengths from 
80 to 128 ins., 
specify Nesbitt 

Duplex Heating Surface with Dual Steam- 
distributing Tubes. Publication No. 240. 



Nesbitt Series H Heating Surface 

A lightweight, enduring, highly efficient 
blast-coil heating surface designed for use 
with steam pressures up to 200 lb gauge. 
Well suited to high-pressure as wdl as low- 
pressure applications. Seven types, each in 
eight fin widths and up to sixteen finn^ 
lengths — a total of 784 sizes from which to 
select. Send for Publication No. 241 for 
complete engineering data. 
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Refrigeration Economics Co., Inc. 

Canton, Ohio 

RECOY PRODUCTS 


RECOY AIR CONDITIONING 
UNITS of the suspended type as shown, 
or vertical floor type, are made for all 
season purposes, also for summer cooling 
or winter heating and humidifying. 

Capacities range from one ton up to 
any size required. Cooling and heating 
surface, and filter area are liberally pro- 
portioned and blowers are of moderate 
speed, all to insure the highest efficiency 
and quiet, satisfactory performance. 

Bulletin “E”. 

RECOY CONTINUOUS FIN BLAST COILS 

for cooling or heating are 
constructed of copper 
tubing with aluminum 
fins, or all steel hot dip 
galvanized after fabri- 
cation and are suitable 
for use with any cooling 
or heating medium. 

Bulletin ‘T”. 

RECOY STEEL MILL AIR CONDITIONING 
UNITS are for those hot spots with ambient tem- 
peratures around 200 degrees such as crane cabs. They 
are complete package units including all regular air 
conditioning equipment and controls and in addition ^vaporatiye conde^ers so they 
may be mounted on traveling cranes where a water cooled unit is impossible. Quota- 
tions and data on request. 





RECOY BLAST HEATERS have all welded 
coils and headers so will stand any steam pressure 
and remain tight for years. Coils are copper 
tubing with aluminum fins or all steel hot dipped 
galvanized after fabrication. The entire unit is 
suspended on the top header and coil is free to 
expand. 

Fan motors are oversize to insure continuous 
service and fans are guarded. 

The casings have liberally rounded corners and 
are beautifully finished in baked crinkle enamel. 

Quotations and data on request. 


RECOY LIQUID COOLING UNITS were developed for 
the war effort to cool coolant oil for machine tools in 
arsenals and engine factories. They increase tool pro- 
ductivity as much as 300 per cent and insure greater 
accuracy of machined parts. 

However, they are equally suited for cooling any liquid 
such as water and brine. 

Standard sizes are from H hp to 10 hp inclusive, but 
other sizes are made to specified requirements. 

The units are complete, including controls and charge of 
refrigerant, ready for electrical and liquid connections. 
Ask for Bulletin H-42. 
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The Trane Company 

2021 Cameron Avenue, La Crosse, Wisconsin 
MANUFACTURERS OF HEATING, COOLING 
AND AIR CONDITIONING EQUIPMENT 

Over 80 U. S. Branch Offices 

Albany, N. Y.; Allentown, Pa.; Amarillo, Texas, Appleton, Wis.; Atlanta, Ga.; Baltimore, Md^ Birming- 
ham, Ala.; Boston, Mass.; Buffalo, N, Y.; Canton, Ohio; Chattanooga, Tenn ; Chicago, 111.; Cinannati, 
Ohio; Clarksburg, W. Va ; Cleveland, Ohio; Dallas, Texas; Davenport, Iowa; Dayton, Ohio; Denver, 
Colo.; Des Moines, Iowa; Detroit, Mich.; Dodge City, Kan.; Flint, Mich.; Fort Wayne, Ind.; Gainesville, 
Fla.; Grand Rapids, Mich.; Greenville, S. C.; Harrisburg, Pa.; Hartford, Conn.; Houston, Texas; Indian- 
apolis, Ind.; K^amazoo, Mich.; Kansas City, Mo.; La Crosse, Wis.; Lake Charles, La.; Little Rock, Ark ; 
Los Angeles, Cahf , Louisville, Ky.; Memphis, Tenn ; Mexico, D. F.: Milwaukee, Wis.; Newark, N. J.; 
New York, N. Y.; Oklahoma City, Okla.; Omaha, Neb ; Philadelphia, ra ; Phoemx, Anz.; Pittsburgh, Pa.; 
Portland, Ore.; Richmond, Va.; Rochester, N. Y.; Salt Lake City, Utah; San Francisco, Calif.; Seattle, 
Wash.; South Bend, Ind.; Spokane, Wash.; St- Louis, Mo ; St. Paul, Minn.; Syracuse, N. Y ; Trumbull, 
Conn.; Washington, D. C.; White Plains, N. Y.; Wilkes-Barre, Pa.; Wilmington, Del. 

Sales Connections All Over The World 
Export Dept. : 75 West St., New York-6, N. Y. 

In Canada: Trane Company of Canada, Ltd , Mowat and King Sts., W., Toronto, Ont. (12 Branches) 


A COMPLETE LINE 


TRANE UNIT HEATERS 


The Trane Company fabricates the most 
complete line of heating, cooling, and air 
handling equipment available from one 
manufacturer. Long years of experience 
with practical knowledge gained from close 
field contact, have developed products for 
every heating and air conditioning need. 

Application data on Trane Equipment 
is available to qualified persons. 

TRANE CONVECTORS 

The modern suc- 
cessor to the old 
fashioned radiator, 
the Trane Convector 
is a compact, light- 
weight, easy-to-in- 
stall unit. Available 
for either steam or 
hot water heating 
system. It is equally suited to war plants, 
army camps, offices, or the finest homes, 
combining attractive apf^arance with long 
life and economical service. 

Currently available in non-ferrous, steel, 
or masonite construction. Obtainable in 
four cabinet models for floor or wall in- 
stallation, with or without sloping tops. 

TRANE COILS 

There are Trane 
Extended Surface 
Coils for every heat- 
ing or cooling, com- 
fort or process appli- 
cation, in all types 
and sizes. Types in- 
clude: steam coils, 
hot water heating coils, non-freeze water 
cooling coils, direct expansion cooling coils 
and booster coils, in addition to a wide 
variety for specialized and process ap- 
plications. 




Blower Types — 

Better known as Tor- 
ridors, Trane Blower 
Type Unit Heaters are 
available for large space 
or duct work applica- 
tions. Manufactured in 
direct or belt driven 
types and floor, ceiling, 
or wall models, the Tor- 
ridor may be provided 
with thermadjust or face and by-pass 
dampers and a variety of discharge devices 
for greater flexibility. Ideal for heating 
large spaces, exposed areas requiring a 
blanket of heat, and for process applications. 



Projection Type 
— ^A Trane develop- 
ment, the Projec- 
tion Heater taps the 
usually wasted heat 
reservoir at the ceil- 
ing bringing it down 
where it is needed. 

Installed at 8 to 50 
feet heights, it pro- 
jects warm air to the floor in a circular, 
vertical air stream. Ideal for low or high 
pressure systems in factories, warehouses, 
hangars, etc. 



Propeller Type — Fea- 
turing a quiet operating, 
wide-bladed fan that pushes 
rather than bats the heated 
air through the coil, the 
Trane Propeller Unit Heater 
incorporates many unusual 
features. Including adjust- 
able louvers or grilled outlets directing 
heated air to the floor line, rugged motor 
supports, attractive appearance. 
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TRANE VENTILATORS 

Blackout Ventilators — Though de- 
signed especially for positive ventilation 
of the blackout war plant, the Trane 
Blackout Ventilator can be used wherever 
an effective roof ventilator is required. 
This unit is available for either exhaust or 
supply purposes. It is not only light, but 
weather and bird proof as well. Hoods of 
the units are hinged for easy maintenance. 
May also be used in conjunction with a 
Trane Torridor for winter supply purposes. 

Heating and " * 

lating Units — 

The Trane 
Heating and 
Ventilating Unit 
of the Climate 
Changer type is 
manufactured in 
six standard 
sizes, all avail- 
able in horizon- 
tal, and four of 
which can be ob- 
tained in vertical, models. Furnished with 
regular heating coils and recirculating and 
outside air dampers, these units are particu- 
larly adaptable for ventilating and heating 
large areas such as gymnasiums, etc. 




TRANE FANS 

r Blower Type — 
Recommended for all 
types of heating, 
cooling, and air hand- 
ling applications. In 
direct or belt-driven 
units, single or double 
widths, and all stand- 
ard discharges in both 
backward and for- 
ward curved blade 
construction. Capacities from 200 to 
100,000 cfm. 

Propeller Type — ^The exclusive broad- 
bladed propeller fan as used in the Trane 
Unit Heater is available in two or four- 
blade construction. Can be used for 
vertical or horizontal installations for 
exhaust or supply applications. Direct or 
belt driven motor in capacities from 600 to 
100,000 cfm. 

TRANE HEATING SPECIALTIES 
Steam — There are 
over fifty valves, traps, 
vents, strainers, all allied 
specialties in the Trane 
Line. Trane Steam 
Specialties meet the rigid 
specifications of the U.S. 
Navy. Most are avail- 
able with brass or cast 
iron bodies depending on final use. 



Hot Water — Included among Trane 
Hot Water Heating Specialties are the 
Trane Circulator, Flo Valves, and Fittings. 
They combine with Trane Convectors or 
Unit Heaters to provide an ideal Warm 
Water Heating System for a great variety 
of applications. 

TRANE COOLING EQUIPMENT 

Climate Changer 
— Trane Climate 
Changer, a unit type 
air conditioner, is de- 
signed for practically 
every known purpose — 
for summer, winter, or 
year 'round air con- 
ditioning, commercial 
and industrial applica- 
tion, comfort or process 
installations. These 
units incorporate efiicient Trane Coils, 
quiet blower fans in sturdily constructed 
casings in horizontal or vertical models. 
Available in various coil combinations 
with or without humidification equipment. 
In several sizes, t 3 rpes, capacity ranges. 

Refrigeration 
Equipment — 

Outstanding in 
the refrigeration 
field is the Trane 
Turbo-Vacuum 
Compressor, a 
completely self- 
contained her- 
metically sealed 
centrifugal t 3 ^e 
water chiller, 
available in 50, 

70, 100, and 200 ton sizes. Year 'round 
efficiency in constant operation with 
a minimum of maintenance is assured by 
the scientific simplicity of this machine. 

Trane also furnishes a coniplete line of 
Reciprocating Compressors in capacities 
from 3 to 50 tons. 

OTHER TRANE EQUIPMENT 

Trane's com- 
plete line also in- 
cludes Evapora- 
tive Condensers 
to condense re- 
frigerants in the 
air conditioning 
system with a minimum use of water; Shell 
and Tube Heat Exchangers for cooling and 
heating vapors or liquids in process appli- 
cations; Evaporative Coolers for cooling 
fluids in a closed system; Transformer Oil 
Coolers, Oil Heat Exchangers, Air Washers, 
Spray Nozzles, etc. 

Trane also manufacturers Condensation 
and Circulating Pumps. 






Air Conditioning • Unit Heaters 


Factory: 
NEWARK, N. J. 


L. J. Wing Mfg. Co. 

59 Seventh Avenue, New York, N. 


Y. 


Canadian Factory: 
MONTREAL 


Branch Offices in 



Principal Cities 


WING REVOLVING UNIT HEATERS 



This innovation in the method of dis- 
tributing heat produces a sensation in 
heating comfort never before attained — a 
sensation of fresh, live, invigorating air. 

The fact that the outlets revolve assures 
uniform and thorough distribution of com- 
fortably warmed air throughout the entire 
working area, without drafts, hot spots 
or cold spots. 

Such an unprecedented high efficiency 
in distributing heat is the result of nearly 
20 years of constant study by Wing engi- 
neers to improve on the Floodlight System 
of heating originated by WING in 1920. 
This method projects the heated air verti- 
cally downward by means of light-weight, 
ceiling-suspended unit heaters. 

It has needed only this latest refinement 
of slowly revolving discharge outlets to 
bring that method to perfection. 

' The WING Revolving Discharge type 
supplements the WING line of standard 
fixed discharge outlets, illustrated and 
described on the following page. 

Bulletin HR-3. 


The latest type of WING Unit Heater — 
with Revolving Discharge Outlets — is 
just as great a contribution to the 
art of industrial heating as was the 
Ceiling-Suspended Unit Heater, origi- 
nated by WING in 1921. 


The area covered by 
a WING Revolving 
Unit Heater is slowly 
swept 'by the heated 
air discharged by the 
outlets which move 
through an arc of 360 
d^. covering every 
direction of the com- 
pass successively. 

By maintaining an 
active, constant circu- 
lation of air through- 
out an industrial plant 
at aU times, a new 
sensation of refreshing, 
invigorating comfort to 
workers is produced. 



Elevation 
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L. J. Wing Mfg. Co. 


Air Conditioning • unit Heaters 


WING FEATHERWEIGHT UNIT HEATERS 



Type *‘HC" Fixed 
Discharge 


The first light-weight, ceiling-suspended, unit heater. Eight 
different designs of outlets meet the requirements of every type, 
size and height of building or occupancy. Located near ceiling 
or roof, the accumulation of hot air in the upper spaces, with the 
accompanying costly waste of heat, is prevented. They project 
the air, comfortably warmed, downward to the working area. 
Bulletin HR-Se 



' Design No. 3 Design No 4 Design No. 8 


VARIABLE 
TEMPERATURE 
SECTIONS 

Invaluable in supply- 
ing fresh air for space 
heating or process work. 
Close control of the de- 
livered air temperature 
is obtained without 
danger of freezing. 
Manual or automatic control. Bulletin HS-2e 

DOOR HEATERS 
GARAGE 
HEATERS 
WING originated 
the vertical cone- 
discharge heater in 
1921 and today it is 
still applicable for heating the inrush of 
cold air at large doorways and for garage 
heating. Often cuts heating costs in half. 
Bulletin HRS* 

FOR LOW CEILINGS 
In this type of 
WING Unit Heater 
the position of fan 
and motor are re- 
versed to meet con- 
ditions of ceiling or 
roof height, form 
and shape of 
building, coverage, Type *'LC" 

etc. Bulletin HRS. 

WING UTILITY UNIT HEATERS 

A lightweight suspended 
unit heater for delivering 
heated air in one general 
direction. Has the same 
powerful fan and rugged 
heating element as WING 
Featherweight Unit Heat- 
ers. This is the latest re- 
finement of the original horizontal light- 
weight heater whidi was developed by 
WING. Bulletin HRS. 


FEATHERFIN 
HEATER 
SECTIONS 
For heating or 
cooling air for any 
purpose by steam, 
hot or cold water or 
refrigerant. The 
heating element is 
extremely light and, 
for equal heat trans- 
fer, offers little resistance to air flow. 
Available for any desired final air tem- 
perature, Bulletin HSS, 


WING INDUSTRIAL FOG 
ELIMINATORS 

Eliminate fog, odor 
and fumes in dyemg, 
bleaching and finish- 
ing plants, creamer- 
ies, pasteurizing, bot- 
tling, canning and 
paclang plants, chem- 
ical works, paper 
mills, steel pickling 
plants, etc. No ducts 
are required. Bulletin FE-IS. 


TURBINE-DRIVEN HEATERS 

Any WING nfiMHPiSiil 

Unit Heater 
can be furnish- 
ed with steam 
turbine-driven 
for loca- 
where 
high-pressure 
steam is 
able. Photo 

shows turbine-driven revolving unit heater. 
Can also be supplied for fixed discharge or 
utility type heater. Bulletin HRS. 
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WING-SCRUPLEX SAFETY 
VENTILATING FANS 

A propeller type 
fan that will deliver 
air against static 
pressure, quietly 
and efficiently. 

Moves the air for- 
ward in straight 
lines with minimum 
eddy. Capacities to 
100,000 cim. Bid- 
letin F-8. 


WING FEATHERFIN PROCESS 
HEATING UNITS 
For man- ..ai ^ 

cesses 

etc., re- 
quiring the recirculation of the heated aii 
Motor or turbine located outside air cur 
rent. Bulletin P'2, 



WING-SCRUPLEX EXHAUSTERS 

For economically moving air wherever ducts 
are used. It combines the efficient WING- 
Scruplex Propeller Fan with a housing which 
places the motor entirely outside the air duct. 
Motor and drive remain cool and clean and are 
easily accessible. 

The powerful WING-Scruplex Fan delivers 
high air volume with low power consumption 
against any pressures for which duct systems 
should be designed. V-belt or direct drive. 

Light, compact and easy to install. Bulletin 
78'A. 


WING SYSTEM OF CONTROLLED 
COMBUSTION 

For low pressure heating boilers and small power 
boilers. Increases capacity and permits use of 
lowest cost fuel. Includes Type EM Blower 
equipped with fully enclosed dustproof motor with 
speed regulating rheostat and automatic control. 
Eliminates necessity of frequent firing, allowing 
intervals as great as 24 hours even in zero weather. 
Bulletin M-96, 

WING TURBINE-DRIVEN BLOWERS 
Applied to hand, stoker, oil or pulverized 
fuel fired boilers, increase boiler capacity, 
maintain constant steam pressure and WIN' 
permit com- 
plete combus- Ty 

tion of low-cost for s 

fuels. The ex- sures 

haust steam, and \ 

free from oil, to 3i 

can be used for Type 



Installation of Wing System of Controlled 
Combustion xn a large school 

WING MOTOR-DRIVEN BLOWERS 



heating or pro- 
cesses. Bulletin 


WING DRAFT INDUCERS 
Installed in breeching or flue, or on 
chimney top; provide positive, exact draft 
regardless of weather conditions or inade- 
quate chimney 
or breeching con- 
struction. Suit- 
able for coal, oil, 
or gas-fired boil- 
ers; industrial 
furnaces and 
kilns. Bulletin 

Chimney-Top Installation 



Type COM 
for static pres- 
sures over 5 in. 
and volumes up 
to 35,000 cfm. 

Type EMD for 
moderate static 
pressures up to 
5 in. Both blow- Type COM 

ers have fully- 

enclosed dustproof constant speed motor 
and bmlt-in adjustable control vanes. 
Type COM has 
double-staged 
axial flow fan ; 

Type EMD, 
single stage fan. 

Extremely com- 
pact; discharge 
can be vertical, 
horizontal or in- 
clined. Bulletin 

Type EMD 
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Young Radiator Co. 

Plant and Executive Offices 

Dept. 174, Racine, Wis. 

Sales and Engineering Offices in Principal Cities 



Call on Young’s quarter century of experience in building h^t transfer products 
for space conditioning. Personalized, “on-the-job” engineering service by 
field men — backed by modern research and manufacturing facilities — ^assures 
the practical, economical installation for your plant. 



Type “SH” unit 
heaters for hori- 
zontal air discharge. 

Available with capaci- 
ties from 19,000 to 
325,000 Btu per hour. 
Catalog 2738. 

Type “V” or 
Vertiflow unit heat- 
ers for vertical air 
discharge. 

Capacities from 30,000 
to 480,000 Btu per hour. 
Catalog 2541. 

Type “VH” 
units for controlled 
ventilation and air 
tempering. “Verti- 
vents” provide for 
regulation of fresh 
and recirculated air. 

Three modds meet most 
requirements. Catalog 
2942 

Type “FG” 
units have the ap- 
pearance of con- 
vectors plus the 
capacity and circu- 
lating features of 
unit heaters. 

Four models. Catalog 
6539. 

Type “DAG” 
units provide in- 
dividual room, 
winter air con- 
ditioning — filter, 
humidify, heat, cir- 
culate. 

Catalog 7041. 


“YAG” units for 
year-round air con- 
ditioning. Also for 
winter or summer 
conditioning only. 

Horizontal and vertical 
models. Capacities 
from 400 to 16,625 cfm. 
Catalog 7541 

Type “W” water 
coils for cooling or 
heating with central 
plant systems. 

Five widths, 11 to 35 
mchesj 2 to 8 rows of 
tubes; many lengths. 
Write for details. 



Type evap- 
orator coils for 
direct expansion 
cooling systems 
using Freon or 
methyl chloride. 

Four widths — two to 
SIX rows of tubes — many 
lengths. Catalog 5039. 

Types “B” and 
“A” blast coils for 
central plant heat- 
ing and air con- 
ditioning systems. 

Steam distributing tube 
type available. Cata- 
logs 4540 and 4542. 




Type “G” com- 
mercial heat trans- 
fer coils for use in 
factory built air 
conditioning units. 

Steam distributing tube 
type available. One, 
two and three rows of 
tubes. Catalogs 4540 
and 4542. 



Most units available using Government approved materials. 
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Air Filters 
and Cleaners 


The Air-Maze Corporation 

5202 Harvard Avenue, Cleveland, Ohio 

ENGINEERS AND MANUFACTURERS OF AIR FILTERS EXCLUSIVELY 

Direct Factory Representatives in All Industrial Areas. 
Distribxjtors in principal cities and towns throughout the United States. 


During more than 18 years devoted 
exclusively to air filter engineering and 
manufacturing, a great deal about the 
control and elimination of dust, pollens 
and grit has been learned by AIR-MAZE 
engineers. Their design and development 
of a highly efficient type of filter element 
construction, embodying distinctive ad- 
vantages,^ has been considered a worthy 
contribution to the air filtering science and 
has resulted in wide acceptance of AIR- 
MAZE air filters in all fields of application. 



£ in. Thick Panel 4 in. Thick Pand 


AIR'-MAZE Permanent Cleanahle Panel Filters are 
made %n many types of constructton to meet every 
ventilaUng requirement. 


Note Advantages Made Possible by 
Air-Maze Scientific Construction: 

Washable — ^Need no Replacements — 
Rigid all-inetal baffles of “open” construc- 
tion ^ permits _ quick, thorough and eco- 
nomical cleaning.^ After each cleaning and 
charging operation, characteristics are 
same as new filters. 

Great Dust Capacity — Unique design 
of the AIR-MAZE screen wire element 
provides a vast area of baffles on which 
collected material can become impinged; 
thus great capacity is assured. 

Vibration-Proof — Vibrations in service 
cannot shake filter media out of position — 
the uniform density remains permanently 
perfect. 

AIR-MAZE is Listed by Under- 
writers’ Laboratories — When serviced 
according to the methods approved by the 
Underwriters’ Laboratories, AIR-MAZE 
panel filters are approved as fire resistant 
air filters. 


Efficiency — Tests under varying con- 
ditions, both in laboratories and field oper- 
ations, show air filtering efficiency of from 
98.00 to 99.83 per cent with practical dust. 

No Clogging — Scientific and exact pro- 
gressive density stops larger particles of 
foreign matter on outer baffles. This, plus 
“open” type of construction, prevents 
openings from becoming clogged. 

Adaptability — In addition to air condi- 
tioning and power equipment installations, 
AIR-MAZE panel filters are effectively 
used in humidifiers, water eliminator units, 
paint spray-booths, range canopies in 
kitchens, and other applications. AIR- 
MAZE panels will be made to fit frames of 
existing installations and can be furnished 
with locking handles and latches, snap 
catches, or with flanged edges and lift 
handles. 

Frames for AIR-MAZE panels are 
available in all sizes, with spring clips or 
locking clamps. 



Magnified Section of "Loaded'^ AIR-MAZE Air 
Filt^ Element. Note that dust has been quite evenly 
impinged on the wires. No obstructed spaces can be 
seen. This feature accounts for the Low Pressure 
Drop and Non-dogging characteristics of A IR-MAZE 

TECHNICAL INFORMATION 

Sizes — All sizes and thicknesses are 
available; two and four inch thick panels 
are the accepted standard. 

Capacity — Recommended air capacity 
is to 2]4 cfm per square inch. Thus, 
the capacity of a 20 x 20 in. panel is 600 
to 1000 cfm. Normally, 2 cfm per square 
inch should be used. 
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and Cleaners 


The Air-Maze Corporation 

5202 Harvard Avenue, Cleveland, Ohio 


Resistance — For 2 in. thick panels the 
resistance varies from 0.08 in. to 0.10 in. 
HsO when handling 2 cfm per square inch 
of filter area (288 fpm velocity); and for 
4 in. thick filters the resistance varies from 
0.11 in. to 0.140 in. H 2 O at 2 cfm per 
square inch (288 fpm velocity) ; the vari- 
ation being in accordance with the differ- 
ent ^ types of filter^ media construction 
available. To obtain specific restriction 
data write for graphs. 

Construction— AIR-MAZE filters are 
of patented construction consisting of a 
maze of alternately placed and exactly 
spaced crimped galvanized wire screens of 
selected meshes; these are arranged with 
precision so as to create graduated and 
pro^essive density, employing the baffle 
impingement principle in its highest degree. 
The filter element is enclosed in a heavy 
gauge enameled steel frame having two 
drain holes, to simplify servicing. 


EASY TO CLEAN AND CHARGE 



Cut-away View 

After deaning and also after charg- 
tngt set panel on edge, with open end 
down, to drain. 


^ Cleaning — Simply tap panel a few 
times on a hard surface to remove heavy 
accumulations and then wash under a 
stream of hot water or in a pan of hot 
water and cleansing solvent. Steam also 
cleans the panels quickly and effectively. 
Be sure filter is dry before charging. 

Charging — (For general applications) 
Immerse panel in AIR-MAZE Filterkote, 
or in S.A.E. 40-60 oil. Drain panel 
thoroughly before replacing in frame. 


AIR-MAZE INSTALLATION FRAMES 



frames assure efficient, attractive installations. 


AIR-MAZE panel holding frames are 
constructed of enameled heavy gage steel 
having % inch flanged back edge. A thick 
felt lining on inside of flange insur^ 
against air leakage when panels are in 
place. One frame may be used alone in 
single panel installations, or a group of 
frames may be supplied, fixed together; 
thus a large bank of filter panels may be 
provided. Every 2 in. frame section is 
fitted with spring clips as standard equip- 
ment; a lift handle is installed on each 
panel; 4 in. panels and frames have locking 
clamps which may also be used with 2 in. 
panels at extra cost. 

In determining frame sizes, % inch is 
allowed over the EXACT width, and 
5^ inch over the EXACT height dirnen- 
sions of the panels. These dimensions 
include frame edge, clearance and felt 
edge seals. 

Specify AIR-MAZE-^for all air filter 
installations and you will be assured of 
efficient, economical performance. Write 
for specification bulletin CCC-69. 

Engineering Service Available — ^The 
Air-Maze Engineering Department will 
gladly offer installation suggestions for 
special air filter applications. 

Other AIR-MAJZE Products— A com- 
plete line of circular shaped air filters for 
use in various Industrial and Automotive 
Marine and Aircraft applications. 

Literature Available — Catalog GPC- 
740 describing industrial types “A,” “B," 
Greastop, and Kleenflo panel filters. Cat- 
alog describing Air-Maze Oil Bath type, 
Multimaze and Unimaze filters for internal 
combustion enpne, air compressor and 
blower applications. 
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Air Filters 
and Cleaners 


Amerk^an Air Jilte rCompany Inc. 

673 Central Avenue, Louisville, Ky, 

Representatives in Principal Cities 


Dust Engineering — Dust 
Engineering is that branch of 
applied science which deals 
with the origin, nature and 
characteristics of the small 
solid air-bome particles called 
“dust,” and the development 
of methods, processes and 
apparatus for its control or 
elimination. 

The American Air Filter 
Company, Inc., has had an 
important part in advancing 
the science of Dust Engineer- 
ing. The efforts of its Re- 
search and Engineering Staff 
for the past twelve years have 
been devoted exclusively to 
the study of dust problems 
and the development of a 
complete line of air cleaning 
equipment for modem air 
conditioning, building venti- 
lation and the control of pro- 
cess dust in industry. 

American Air Filter pro- 
ducts, therefore, not only 
embody the knowledge ac- 
cumulated from years of con- 
stant research and the ex- 
perience gained from design- 
ing, building and applying 
thousands of air filters, but 
are backed by ample technical 
and financial resources to in- 
sure their outstanding posi- 
tion in the Dust Engineering 
field. 

Products — ^American Air 
Filtera are available for every 
condition, with operating 
characteristics and efficiencies 
to suit specific problems. In 
general, there are two distinct 
t3rpes based upon the “viscous 



Renu^Vent Filter 



Ainnai Type PL~S4 Filler 



Throway Air Filter 


film” and “dry mat’ 
principles. Each type is 
made in several styles 
which differ in method of 
operation, servicing, space 
required and initial cost 
to meet the various con- 
ditions encountered in air 
cleaning problems. A dis- 
cussion of various filter 
types will be found in the 
Technical Data Section 
under “Air Cleaners.” 

Air filters are generally 
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used for the removal of dust, 
dirt, bacteria and other 
foreign matter from the air 
and are applied to general 
ventilation, modem air con- 
ditioning, process dust con- 
trol; for air compressors and 
Diesel Engines; mill motors, 
turbo-generators and other 
electrical applications; and 
for air or gas under pressure 
to remove entrained oil, 
moisture and dirt. 

Air Filters In Air Con- 
ditioning — Filtered air is 
today recogn^ed as essential 
in modem air conditioning. 
There are other important 
factors which contribute to 
our comfort such as tem- 
perature, air movement and 
humidity, but science today 
emphasizes the prime neces- 
sity of pure air for health and 
efficiency. 

Air cleaners have, of course, 
always been considered an 
integral part of large central 
systems. These are usually 
of the fully automatic type 
such as the American Auto- 
matic Self-cleaning filter or the 
self-cleaning Electro-Matic. 

There are now available to 
manufacturers of unit air 
conditioners moderate priced 
unit filters such as the Renu 
filter, the Throway filter, and 
other types of filters illu- 
strated on this page. 

The Renu filter is an 
entirely new departure in air 
filter constmction. It con- 
sists of a permanent metal 
frame provided with a re- 
movable cover and renew- 
able filter pad. The cover 



Standard Viscous Unit Filter 





American Air Filler Co., Inc. 


Air System Equipment 


Air Filters 
and Cleaners 


is easily removed without 
the use of tools, and filter 
pad can be lifted out and 
replaced with a new one at 
very small expense. 

The Throway filter, as 
the name implies, is de- 
signed to be discarded after 
it has served its maximum 
period of usefulness and re- 
placed with a new filter unit. 
The Filter pad is enclosed in 
a perforat^ cardboard con- 
tainer which makes it pos- 
sible to readily dispose of 
the dirty filter by burning it. 

There is probably no sin- 
gle item which costs as little 
and may mean as much in 
the design of an air con- 
ditioner as air filtration. 
These units are furnished in 
any^ dimensions or shapes 
desired — usually in units 
handling 400 cfm and from 
2 in. to 4 in. thick. They 
are usually made in the 
following sizes — 20 x 20 in., 
16 X 25 in. and 16 x 20 in. 
High cleaning efficiencies 
can be secured, with a re- 
sistance to air flow ranging 
from He to % in. water 
gauge. 

The American Multi- 
Duty Self-Gleaning Air 
Filter — Is a development 
of AAF Engineers in which 
the best features of the 
former Multi-Panel and 
Double-Duty filters have 
been incorporated in a single 
unit to obtain the combined 
advantages of both types of 
construction. 

The use of thermoplastic 
finishes for refrigerators, 
stoves, automobiles, and 
other metal products has 
created the need for clean 
air in finishing rooms. This 
type of finish is hardened by 
baking, so the product on 
which it is used must be pro- 
tected from dust and dirt 
from the time it is sprayed 
until it leaves the oven. 

Spray booths exhaust 
large quantities of air, and 
if this air is drawn from 
other parts of the ^lant, it 
will contain considerable 
dust and dirt. If dirt and 
dust particles are permitted 
to settle upon freshly spray- 



Amertcan Automatic 
Self~Cleantng Filter 



Electro-Matte Atr Filter 


ed surfaces, they will be 
trapped in the semi-tacky 
coating and cause blemishes. 

This trouble can be elim- 
inated only by enclosing 
the finishing room and in- 
stalling a filtered air supply 
system with sufficient ca- 
pacity to provide a constant 
supply of clean air in excess 
of the volume exhausted by 
the spray booths. 

High efficiency air filters 
are needed for this service 
to minimize rejects and do- 
overs. The automatic self- 
cleaning filter has proved 
the most practical type be- 
cause of its ability to main- 
tain a constant, uniform air 
volume with the minimum 
of attention. 
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Three Types of Panels 
—MV, MS and DD— Are 
available with the Multi- 
Duty filter. Type MV is 
the designation for Multi- 
Panel armored panels with 
or low resistance 
spacing: Type MS signifies 
Multi-Panel armored panels 
with “S” or high efficiency 
spacing: and Type DD in- 
dicates Double- Duty die- 
stamped louvre panels. 

Electro-Matic Air 
Filter — Incorporates elec- 
trical precipitation as an 
integral function of an auto- 
matic self -cleaning viscous 
filter to obtain a higher 
over-all efficiency in the col- 
lection of the finer dust 
particles and smoke. In 
combination, these two 
methods of cleaning air not 
only give the highest effi- 
ciency in dust removal but 
offer operating advantages 
found only in the automatic 
self-cleaning filter. 

Standard Viscous Unit 
— The American Unit Air 
Filter incorporates the time 
tested unit principle of con- 
struction. Each unit con- 
sists of a standard steel 
frame and interchangeable 
cell ^ equipped with auto- 
matic latches to facilitate 
removal for cleaning and 
recharging. 

Airmat Filter Dry Type 
— ^The filtering media in this 
type is the Airmat sheet, a 
dry filter mat composed of 
thin sheets of gauzy, cellu- 
lose tissue. The Airmat 
sheets are supported in 
screen pockets mounted in 
a unit frame of box-like con- 
struction. These unit frames 
can be set up to meet any 
capacity requirement or 
space condition. Airmat 
sheets are renewable — their 
life depending on dust con- 
ditions and hours of service. 

Airmat filters are used 
both for comfort and indus- 
trial air conditioning. In the 
latter field they are particu- 
larly well adapted for the 
recovery of valuable dusts 
and for abating the dust nui- 
sance prevalent in so many 
industrial plants. 



Air System Equipment 


Air Filters 
• and Cleaners 
Air Recovery 


W. B. CONNOR ENGINEERING CORP. 


114 East 32nd Street 
New York, N. Y. 



Representatives 
in All Principal Cities 


Canadian Representative: Arthur S. Leitch Co., Ltd., Toronto, Ont. 
Manufacturers of a Complete Line of Air Recoveiy Equipment 


Wherever More Outdoor Air is Used Than Necessary for Oxygen — CO 2 Balance, 
Critical Materials, Vital Resources and Energy are Wasted. 


Outdoor Air is Not Free! 

However simple or complex a ventilating^ system, it represents a considerable capital 
investment in equipment, a decided operating charge in ener^ and a vital drain upon 
natural resources — all expended for the sole purpose of obtaining the kind of air desired 
and delivering it when and where it is required. 

What outdoor air costs in material and energy — in fans, ducts, dampers, grilles and 
registers; in boilers, compressors, tempering and cooling coils, filters, air washers and 
pumps; in thermostats and regulators, steam, water and refrigerant piping, valves and 
fittings; in electric power, steam, fuel and water; in labor and in operation, maintenance 
and repair, is prodigious — and it is determinate. 

Contrary to being free, air is a valuable commodity whose conservation is imperative. 
This is why a portion of all conditioned air is usually recirculated. One obstacle alone 
has heretofore limited the percentage of air that can be recirculated indefinitely — the 
accumulation of gaseous impurities. These impurities are not removable by washers, 
filters, precipitators or sterilization. 

The practical development and application of activated carbon gas adsorption has 
eliminated this single restriction to the full recovery of heated or conditioned air and 
only the inclusion of adequate gas adsorption makes such Air Recovery possible. 


Air Recovery 

Ventilation no longer means outdoor air because all but the new air necessary for 
metabolism can be obtained by decontaminating recirculated air with activated carbon, 
^us recovering and conserving the heating and cooling energy already expended upon 
it. Ventilation is not curtailed but new outdoor air is reduced — resulting in a direct 
saving in conditioning equipment and operation. 

Every air conditioning engineer knows the capital cost of equipment and the operating 
cost in energy demanded by the outdoor air load. In the average temperate zone in the 
United States it is 3 tons of installed refrigeration and 100,000 Btu per hour of installed 
boiler capacity and radiation for each 1000 cfm of outdoor air make-up. It means, in 
these days of 24 hour plant operation, an average expenditure of 2500 KW hours and 
1600 gallons of fuel oil or 9 tons of coal per season for each 1000 cfm. 


The curtailmeTit of critical materials and vital resources imposed by 
our national uar emergency has only emphasised the gravity of the waste of 
conditioned air. The W, B, Connor Engineering Corporation's C€H>peration 
with both Federal Agencies and Industry has resulted in the recensery of 
enormous volumes of conditioned air and has contributed coincidental 
conservation of materials, power, fuel and labor. 
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fV. B. Connor Engineering Corp. Air System Equipment • 


W. B. Connor Engineering Corp, Gas Adsorption Air Recovery Equipment 
consists of light-weight, removable, perforated fibre, activated carbon filled, adsorption 
canisters. These are mounted in multiple on one or more supporting manifold plates in 
such manner that all air to be treated will pass uniformly through 
the granular carbon media. The assembly arrangement is flexible 
to suit the space limitations. The resistance to air flow averages 
only .15 in. wg. 

The highly active, specially processed carbon employed will 
remove from the air passed through it and retain 95 per cent of 
all entrained gaseous impurities and maintain approximately this 
efficiency for from 6 months to 2 years depending upon the air 
contamination. Upon exhaustion the carbon may be reactived 
for re-use. 

Figure 1 shows a typical canister. It is closed at the top and the 
inner cylinder is open at the bottom, which opening registers with a 
corresponding hole in the supporting manifold plate. Figure 2 is a 
cross-section diagram showing a typical arrangement of canisters 
for a large system. In this instance, four manifold plates each 
support 9 rows of canisters, the number of canisters in width, or per 
row, depending on the total number required. Figure 3 is a photo- 
graph of this same arrangement installed. Each canister decon- 
taminates between 25 and 30 cfm of air. Fig. i 




Fig. B Ftg S 

W. B. Connor Engineering Corp. Gas Adsorbing Air Recovery Systems are covered by U. S. 
Patents Numbers 2,214,737; 2,303,331; 2,303,332; 2,303,333 and 2,303,334, and others pending. 


Arnou^ thousands of users — Anheuser-Busch, Consolidated Edison Co. of New 
York, Coty, Dodge-Chrysler Corp., DuPont Film Mfg. Co., Linde Air Products Co., 
Merck & Co., Metropolitan Life Ins. Co., Pratt & Whitney Aircraft Corp., Remington- 

Rand Co., Sperry Gyroscope Co., Standard Oil Companies 
of N. Y. and N. J., Union Carbide and Carbon Corp., 
Western Union Telegraph Co., Westinghouse Electric & 
Mfg. Co., F. W. Woolworth Co. 

At the left is an illustration of the Type A-lOO B, 
smallest of the self-contained “package” recirculating air 
decontaminating units. In its attractive enameled wood 
cabinet are contained a dust filter, four carbon gas 
adsorbing canisters, circulating fan and motor. ^ It has a 
host of practical uses — in homes, offices, doctor’s rooms, 
walk-in refrigerators, etc. 


Complete engmeering information, surveys or consultation are available with- 
out obligation by applying to local representatives or direct to the Home Office. 
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Coppus Engineering Corporation 

339 Park Avenue, Worcester Mass. 
MANUFACTURERS OF AIR FILTERS, STEAM TURBINES, 
GAS BURNERS, FORCED DRAFT BLOWERS, COOLING FANS 


“COPPUS AIR FILTERS PASS CLEAN AIR” 


The Coppus Unit Air Filter (patent 
No. 2050508 and other patents pending) is 
of the dry type using as filter material all- 
wool felt. It consists of a distender frame 
(C, Fig. 2), a filter “glove” (E, Figs. 1 and 
2) and a retainer grid (JB, Fig. 1). The 
edges of the retainer grid form a reenforced 
sheet metal box (A, Fig. 1) for protection 
of the filter element. 

The edges of the filter glove are reen- 
forced on all four sides assuring an air 
tight seal against by-passing of dirty air. 
By tightening the wing studs which hold 
the distender frame and the retainer grid 
together, the filter glove is stretched and 
held tautly inside of the filter box, giving 


the pockets a tapered shape so essential for 
an even air flow. 

This design has the advantage of pro- 
viding an effective filter area entirely 
unobstructed by wire or screen supports. 
Cut, Fig. 3 shows the tapered filter pockets 
on the clean air side. The filter glove can 
be readily replaced without removing the 
unit filter from the installation. No aux- 
iliary frames for insertion of the filter cells 
are required as the completely assembled 
unit filters can be bolted together to a filter 
bank of any desired size. 

All metallic parts are rust-proofed and 
Duco Painted. 



Fig 1 


Fig. B 


Specifications 

Normal Rating: 800 cfm. 

Resistance when clean: 0.2 in. W.G. 

Dust Arrestance (cleaning efficiency): 99.61 per 
cent (Tested in accordance with A.S.H.V.E. 
Standard Code for Testing and Rating Air 
Cleaning Devices Used in General Ventilation 
Work). 

Dimensions: 20 by 20 in. by 5Ji in. 

Weight per unit: 25 lb. 


ANOTHER COPPUS BLUE RIBBON PRODUCT 
Outstanding Advantages 

1. It has an exceptionally high dust arrestance. 

2. It maintains a high dust arrestance even under diverse conditions 
of neglect. 

3. Its operation is not impaired by atmospheric conditions. 

4 . It is a Medium Air Resistance Type (Class C) according to the 
A.S.H.V.E, Code for Air Cleaning Devices. 

5. It is easily and quickly cleaned without removing the filter element. 

6. Its cost of upkeep is very low because the permanent filter element 
is reconditioned periodically with a vacuum cleaner. 

7. It combines scientific knowledge and practical engineering methods 
with highest quality of material and workmanship. 

Write for Complete BvUetins 
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Cleaning Filter 
Elements with 
Portable Vacuum 
Cleaner 






Air System Equipment • Atr Filters 


Davies Air Filter Corp. 

36 East 12th St., New York 3, N. Y. 

Air Conditioning, Process, Building, Industrial Filters 


CLEANABLE PANEL FILTERS TYPE MS 



SPECIFICATIONS 

Rated capacity — 800 C.F.M. 

Resistance to air flow — .17 in. w.g. when dean. 
Dust holding capacity — 2 pounds. 

Cleaning efficiency — 98 9 per cent. 

STANDARD SIZES 
20 in. X 20 in. x 4 in., 20 in. x 20 in. x 2 in. 
Speaal sizes can be made to order. 


The DAFGO MS Filter is an industrial 
filter, based on the swirling impingement 
principle, designed to give high efficiency 
and built to last a lifetime. 

The frame is of heavy gauge steel, the 
filter medium a series of baffles composed 
of layers of crimped galvanized wdre 
netting, expanded metal and closely woven 
pleated bright galvanized wire cloth, 
spaced so as to offer very low resistance to 
air flow with a tremendous amount of dirt 
collecting surfaces. Spaces between wires 
collecting surfaces. 

Spaces between wires are graduated to 
progressively smaller openings, the last 
few layers consisting of fine mesh which 
provides an exceptionally fine filter medi- 
um. The layers are solidly packed to- 
gether with the pleats at right angle to 
each other to prevent being shaken out of 
place. This insures a constant uniform 
density of filtering medium. 

The air cleaning efficiency of this DAFCO MS 
Filter is 98.3 per cent when tested under normal 
conditions. 


REPLACEABLE FILTER MEDIUM TYPE W 


The DAFGO Type *‘W” Filter consists 
of two sets of pleated galvanized wire 
screens supported in a sturdy steel frame- 
work. In between the two screens is a 
layer of filter medium that can be either 
wool felt, cotton felt or cotton cellulose. 
The sides of the frames are hinged to 
permit easy service and to insure an air- 
tight seal'. 



SIMPLIFIED LOADING 

No skill is required to assemble the DAFCO “W’* 
Filter. Simply drop the rods into consecutive folds. 

For Davies Registers, see Page 1005 



j 

The Dry Type Filter has the advantage 
that extremely high efficiencies are obtain- 
able through a principle of filtering that is 
direct. The air is cleaned of its impurities 
because it is strained through very closely 
woven fibres. 


Air System Equipment 


Air Filters 
end Cleaners 


Dollinger Corporation 

(Formerly Stay new Filter Corp ) 


Air Filters for Building Ventilation, 

Air Conditioning, Engine Protection, Etc. 


6 Centre Park 


fiiMiS 


STAYNEW AUTOMATIC FILTER 

An improved, fully automatic air filter that main- 
tains a low, constant resistance 

Four-Stage air filtration is provided in the form of 
two endless curtains (see line drawing) arranged to travel 
in such a direction (counter-clockwise) that they will be 
thoroughly cleaned after exposure in primary stages and 
before functioning in secondary stages. After thirty 
minutes of filtering service in a stationary position, both 
endless curtains are set in motion simultaneously for a 
few seconds. The time and amount of travel vary ac- 
cording to the height of the unit. 

In the first stage, the curtain descends into oil bath 
which releases tension of oil film allowing dirt to settle 
to bottom of reservoir. In subsequent movements, 
curtain is well drained, pneumatically brushed free from 
oil globules and moved upward to provide the second 
stage. The third stage serves to collect any residue of oil 
that might possibly entrain in air stream while passing 
through first and second stages and also serves as an 
additional semi-dry air filtering stage. In this stage, the 
curtain proceeds downward into reservoir but does not 
pass through oil bath, cleaning being accomplished by a 
second air brush similar to the first. After passing over 
the air brush, the curtain becomes a semi-dry fourth stage 
which acts as a further safeguard against oil entrainment 
and as the final stage in the removal of the finest dust 
particles. 

Specifications: 

TwO'lStandard widths are available, — 4 feet, 3 inches 
aSKi 2 feet, 9 inches in forty-one heights from 4 feet to 
,!l4‘ feet. Capacities from 2,000 cfm upward. Com- 
binations of standard sizes will fit any required capacity 
or installation space. Special sizes built to order. 

A single hp motor operates three full-width auto- 
matic sections. This is made possible by use of ball 
bearing rollers and a near perfect balance of the curtains, 
plus a 400 to 1 reduction gear and a further 3 to 1 re- 
duction through silent chain drive and sprockets. 

Flow of compressed air to air brushes occurs simul- 
taneously with curtain movement and is controlled by 
time clock and solenoid valve. A pressure reducing 
orifice assures delivery of air to the air brushes at the 
required pressure of approximately 1 pound. 

Complete descriptive catalogue supplied on request. 


Rochester 4, N. Y. 



Direction of Air Flow 
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Dollinger Corporation 


Air System Equipment 


^ Air Filters 
and Cleaners 



Wtre-Klad 
Panel and Frame 



STAYNEW PANEL-TYPE FILTERS 

Wire-Klad Model: Flame resistant, highly efficient; cleanable 
by compressed air, vacuum, or washing. Fins are reinforced on 
both sides with rust-resisting screen cloth, producing a rigid, 
long-wearing unit. ^ The Wire-Klad 
feature is not found in any other filter. 

When supplied with bonded glass 
medium, it carries the Bureau of Fire 
Underwriters Class I rating. Re- 
designed box-type supporting frame 
and new style latches and handles (see 
dose-up view) simplify removal for 
inspection or cleaning. Replacement 
cost is low, since finned element only 
need be replaced, and is easily removed 
from its retaining case. A wide selec- 
tion of filtering media available to 
meet varying conditions. Made in 
standard sizes, 2 in. or 4 in. deep. 



Close-up view of 
Handles and Latches 


Viscous Panel and 
Frame 


Viscous Panel (Model DPV): Medium is viscous-coated 
galvanized screen cloth and woven copper mesh. Highly cor- 
rosion-resistant. Low resistance to airflow (.07 in. W.G.) and 
extremely high dust-holding capacity. 


Multi- V-Type : Low cost dry filter. Frame is of fiberboard. 
Ideally suited to domestic forced air systems as efficiency is com- 
parable to more expensive industrial types. Cleanable. Maximum 
efficiency of heating plant is assured by use of this filter and 
newly-developed airflow indicator. 




Multir-V-Type 


Standard Panel; Dry-type Fin Construction, highest possible 
filtering efficiency. Heavy steel Panel Insert and Frame. 
Cleanable. Forty- two square feet of filtering area. Thousands 
of Staynew Standard Panel Units have given satisfactory service 
for years. 


Standard Panel Insert and 
Frame 


CLEANING PANEL-TYPE FILTERS 

All Staynew filters are designed for greatest possible cleaning 
^se. Vacuum, Compressed air or flushing with liquid solvents 
is recommended for dry-type, depending on kind of service. 
Special cleaning nozzles are supplied, as well as Staynew 
Cleaning Comiwund No. 6, made on a formula developed par- 
ticularly for this use. 



Cleaning 

Attachments 


Representatives in Principal Cities 
Complete Catalog on Request 

FILTERS ALSO MADE FOR INTERNAL COMBUSTION ENGINES AND 
COMPRESSORS, AIR AND LIQUID LINES, ETC. 
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Air System Equipment 


Air Filters 
and Cleaners 




Air System Equipment 


Air Filters 
and Dehydrators 


Research Products Corporation 

Madison, Wisconsin 

RESEARCH AIR FILTERS FOR HEATING AND AIR CONDITIONING 
SILICA GEL MOISTURE ABSORBING MATERIAL 


U. S. Patent 2070073 


U. S. Patent 2070073 



Exclusive Rip-Clean Feature — When 
the filter becomes clogged you need only 
rip off two top layers of filter pad to 
remove the surface dirt and lint and re- 
establish its efficiency. May be repeated 
5 times — extending the useful life of the 
filter. 

Research Filter Banks — Research Air 
Filters are used extensively in filter banks 
— ^both flat and V designs. Write for 
technical data sheets to determine type 
and size of bank for any installation. 

Research Washable Filter— This 
filter is used 
where a wash- 
able filter is 
specified and 
also above 
kitchen ranges 
to trap grease 
particles. 
Wash with hot 
water or steam. 



No. “200” Series— When this Re-Fil-Able 
filter becomes dirt filled, the wire grids are 
unhooked, the filter pad replaced. Pads 
fit snugly, sealing against air leaks. (Can 
be Rip-Cleaned). 

A Research Air Filter 20 x 20 x 2 in., 
when tested according to the test code of 
the American Society of Heating and 
Ventilating Engineers has an efficiency of 
91 per cent, tested with standard code 
dust. The dust holding capacity with 
standard code dust is 150 grams per sq ft 
of filter area, the restriction at this dust 
load being .2 in. of water. 

Research Silica- Gel — For maintaining 
dry conditions in storage rooms; ideal for 
I drying refrigerants. 



Air System Equipment 


Air Filters 
and Cleaners 


Owens-Coming Fiberglas Corporation 

Toledo, Ohio 

AIR FILTERS for use in residential, commercial and INDUSTRIAL 
AND FRAMES heating , ventilating and AIR-CONDITIONING SYSTEMS 



DUST-STOP AIR mits longer intervals between replace- 
FILTERS will clean air streams of ments. Both may be used in domestic ao- 


nuisance dirt, dust, and lint . . . and will 
do it economically and efficiently. Dust- 


plications. 

Economical — Dust - Stop filters cost 


— w jL/uoL- — j-zust; - otop niters cost 

Stops are made from compressed mats only per CFM as original equipment, 
glass fiWs, sprayed with binder to and less than Koth of per CFM to 
hold the fibers in place. The fibers replace. Further maintenance savings can 

are then coated with a Standard dust- be made by reusing filters after gently 

^tching filter oil (used on " War'* type rapping out or vacuum cleaning excessive 
filters, replacing former special adhesives) surface dirt accumulations. This practice 

suitable fnr air _ . ^ i T t 


'^ATailable in Two St^ds^ ResUtanci^nches g i n^e ^f^'n ^ 

No. 1 (1 in. tffick)°i^ 2(rx25"xK 1000 300 .062 Cornnra 

operating economy I6',20'xi' iw 300 062 metropolitan centers 

in commercid and in- 20'i25'x2' 1000 300 .13 where representatives, 

dustrial apphations. fo^*g;x2; ooo 300 .13 qualified to assist in 

* in. thick) IS i6'x20'x2^ 640 300 !i3 the planning of filter 

recommended for use ' T' . . installations, are 

m unsupervised m- ’Other stand^d and amy speaal sues available. avallablA 

stallations If ner st^dard filters, subjected to minor ^v^iiable for COn- 

sraiiarions. it per- variations m “war'’ filters. sultation. 

sheets on all standard Fiberglas products and applications will be 
furnished to engineers and manufacturers on request. 
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Standard Sizes for Equipment* 


recommended for use 
in unsupervised in- 
stallations. It per- 


Standard Sizes 
(Nominal) 

Ratings 

Cfm 1 Fpm 

^ Avaage** 
Resistance Inches 
Water Gauge 
Clean 

2(rx25"xK 

1000 

300 

.062 

20'^x2(rx r 

800 

300 

.062 

I6^x25'xr 

800 

300 

.062 

l6-'x20^xr 

640 

300 

062 

20'x25'x2-' 

1000 

300 

.13 

20^ X 20' X 2' 

800 

300 

.13 

16'x25'x2' 

800 

300 

.13 

16'x20'x2^ 

640 

300 

.13 






Air System Equipment 


Air Filters 
and Cleaners 


Owens-Coming Fiberglas Corp. Branches 


ATLANTA, GA. 
BOSTON, MASS. 
BUFFALO, N. Y, 
CHICAGO. ILL. 
CLEVELAND, OHIO 


CINCINNATI, OHIO 
DALLAS, TEXAS 
DETROIT. MICHIGAN 
LOS ANGELES, CALIF. 


NEW YORK, N. Y. 
PHILADELPHIA, PA. 
PITTSBURGH. PA. 

ST. LOUIS. MO. 
WASHINGTON, D. C. 


FIBERGLAS* U iJ ^ I 

♦Trademark Reg. 

Fiberglas Dust-Stop ‘‘L” and “V” 
Filter Frame Assemblies are specified by 
engineers of commercial and industrial 
heating, ventilating and air conditioning. 
Frame members of heavy steel are as- 
sembled in combinations to satisfy any 
CFM and space requirement. 

Both types of frames are designed for 
the convenient and correct handling of 
Dust-Stop filters. They meet all Fire 
Underwriters’ and local Fire Ordinance 
requirements. 

The choice between the “L” type and 
“V” type frames is determined wholly by 

the space 
r' — ^ 20 ' ir available 

' The “L” 

•o " , * type filter 

' frame takes 

less depth 
h, within the 


FILTER FRAMES 


, U. S. Pat. Off. 

duct or plenum chamber but requires 
a larger face area for the same CFM 
capacity. The “V” type frame rec^ires 
a face area approximately the same as the 
cross-sectional area of a duct which will 
handle the volume of air for which the 
filters are rated. 

Two Depths of “L” Frames — The 
‘'L” frame, two filters deep, is designed to 
hold two Dust-Stop No. 1 filters in each 
cell. The “L” frame, four filters deep, 
holds four Dust-Stop No. 1 filters in each 
cell. The frame that is four filters deep is 
identical in every way to the frame two 
filters deep except that the depth of all 
parts is 2 in. more. When specifying "L” 
type frames indicate two-filter or four- 
filter depth. “V” frame is available, four 
1-inch filters deep per cell, only. 

The “L” frame uses 20 x 20 in. 
filters only. The “V” frame uses 20 x 
25 in. filters only. Filters are always 
used two or more in series in each cell. 






Air System Equipment 


Air Filters 
and Cleaners 


H. J. Somers, Incorporated 

Factory and General Ofi&ce 

6063 Wabash Avenue Detroit, Mich. 


Somers Washable Air Filter 

Somers Hair Glass Filters provide 
everything required in an efficient air- 
cleaning system. Consider these features: 
High rating for dust, soot and bacteria 
separation. Require no adhesive, coating 
or impregnation. Indestructible in normal 
service. Minimum Low Pressure Drop. 
Odorless and non-absorptive. Fireproof; 
Washable; Do not rot nor disintegrate; 
Permanent. 

Somers Hair Glass Filters consist of a 
hot galvanized frame holding galvanized 
wire cloth packed with hair-spun glass 
strands. The glass strands are flexible, 
do not break up and cannot be drawn 
into air stream. 

Hair-Glass, being chemically inert, has 
no facility of absorption; it cannot rust 
and lasts indefinitely in service. Water 
either hot or cold may be used to clean 
it, without impairing its efficiency. 

These filters eliminate the necessity, the expense and the inconvenience of periodic 
replacement. 



All Welded Vee Type 


Somers Washable Air Filter — All Welded Vee Type — Stock Sizes (Partial List) 


^ Frame Size 
Height and Length 
In. 

Frame D^th 

In, 

Filter Surface 

Sq In. 

For Average Dry Filter 
Installations 

CFM 

Wet Application whwe 
water sprays are applied 
against fUter for W 
midifying 

CFM 

\5Vi X 241/2 

3?^ 

1023 

1023 

511 

15% X 24% 

16 X 211/2 


1110 

816 

1110 

816 

555 

408 

16 

X 25 

31/8 

1056 

1056 

528 

16 

X 25 

31/4 

1632 

1632 

816 

16 

X 25 

3% 

1344 

1344 

672 

16 

X 25 

31/4 

1440 

1440 

720 

16 

X 25 

3« 

864 

864 

432 

161/2 X 241/2 

31/5 

800 

800 

400 

18 

X 18 

3K 

864 

864 

432 

19 

X 20 

3« 

1482 

1482 

741 


, X 195/8 

31/4 

1039 

1039 

519 

191/4 

( X 20 

3 

1039 

1039 

519 

193/1 

» X 191/2 

3 

936 

936 

468 

91/2 X 191/2 

31/4 

1053 

1053 

526 


2 

3 

480 

936 

480 

936 

240 

468 

19% X 19% 

31/4 

1170 

1170 

585 

20 

X 25 


1800 

1800 

900 

20 

X 30 1 

3X 

1800 

1800 

900 

20 

X 20 ! 

3J^ 

1040 

1040 

520 

20 

X 30 

3 

1560 

1560 

780 

20 

X 20 

31/4 

1200 

1200 

600 

20 

X 20 

2 

480 

480 

240 

20 

X 20 

3 

840 

840 

420 

20 

X 20 

3 

960 

960 

480 

20 

X 20 

31/4 

1320 

1320 

660 

20 

X 25 

31/4 

1560 

1560 

780 

203/e 

1 X 201/4 

3 

550 

550 

275 


Other sizes from x 30 to and inclusive of 31 in. x23^ also available. Send for complete stock size list. 
Frames zinc plated for 100 hour salt water spray test. Refill may be inserted if necessary. 

Quotations and further engineering data, including master holding frame drawings will he sent on request. 
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Air System Equipment 


Air Filters 
and Cleaners 


Supreme Air Filter Company 

126 West 21st Street, New York 11, N. Y, 

SUPREME WASHABLE DRY TYPE AIR FILTERS 
AUTOMATIC OR MANUAL CLEANING 


Supreme Air Filters are made of a spun 
glass j&lter media, annealed under a patented 
process, and covered with a galvanized or 
copper wire mesh 25-06, encased in a gal- 
vanized or copper frame. 

Supreme Filters offer a low resistance to 
the free flow of air, are light in weight and 
easy to handle. All cells are equipped with 
handles and interchangeable in the same bank. 

Supreme Filters are made in flat and saw- 
tooth types: The flat filter is encased in a 
3^ in. frame, for convenience in ordering and 
lower cost production. The sawtooth type is 
corrugated the depth of the cell frame thereby 
increasing the filtering surface in a given area. 

The spun glass in Supreme Filters is FIRE, 
ROT and VERMIN proof and not attacked 
by any chemical other than hydro-fluoric acid; it is approved by the Board of Fire 
Underwriters. 

The important factor in rating a filter is generally not the removal of a certain per cent 
of dust by weight but rather the effectiveness for taking out certain objectionable con- 
stituents, which may be either the finest particles present or the coarser ones within a 
certain range. The lower number per cent of dust particles in buildings and out-of-doors 
occur just after air washing by rain or snow storm, and the greatest number in busy 
streets on dry days. 



Supreme Atr Filter {Before and after cleaning 


Supreme Filters can be washed in hot or cold water, adding a little soap powder or 
solvent, and spraying with not over 25 lb. water pressure. 

New mats can be supplied for all Supreme cell frames where mats become worn out 
or defaced, thereby saving the cost of a new frame. 



Some Users of Supreme Air Filters 


B. Altman Company 
Bendix Radio Corporation 
Bethlehem Steel Corporation 
Chnst Hosnital 

Colgate Palm Ohve Peet Company 
Commercial Bank & Trust Company 
Conde Nast Company 
Dime Savings Bank 
E. I DuPont deNemours & Co., Inc. 
Fifth Avenue Hotel 
Garment Capital Center 
Geigy Dye Works 


Koss Restaurant 
Masomc Temple 
Modem Industrial Bank 
New Amsterdam Theatre 
New York Central R. R. 

New York Telephone Bldg. Corp. 
New York Trust 
Obo Power Company 
Pabst Air Condg. Corp. 

Panama Steamship Lme 
Posi Print Works 
Riegel Paper Corp. 


Supreme Air Filters have been ap- 
proved by the Mantime Commission 
for use on the C-2 ships. 

Gulf Shipbuilding Co. 

Moore Dry Dock Co. 

Mantowac Shipbuilding Co. 

U S. S. A. So. Africa 
International Tel. & TeL 
Colonial Trust Co. 

Western Electric Company. 

information and prices 


Write Supreme Air Filter Company for complete 
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Air System Equipment 


Ait Filters 
and Cleaners 


Westinghouse Electric & Manufacturing Go. 

Edeewater Park Precipitron”E)epartmeiit aeveland, Ohio 

THE PRECIPITRON* 

First Commercially Practical Electrostatic Air Cleaner 


The Westinghouse PRECIPITRON is the first coinmercially practical electrostatic 
method of removing dirt, dust and other air-borne impuriti^ in ventilating and air 
conditioning systems. The PRECIPITRON— being rnore efficient than mechanical 
filters — removes microscopic foreign matter as small as l/2oU,0(JU 
of an inch in diameter— even freeing the air of tobacco smoke. 



COILS AND SPRAYS COILS AND tltrroirklD BAFFLE AND DRAIN AND DAMPER 

BY-PASS BY-PASS AIK 

CLEANER 


CUT-A-WAY VIEW OF TYPICAL AIR DUCT SHOWING PRECIPITRON 
AS THE CLEANING COMPONENT OF AN AIR-CONDITIONING SYSTEM 


The PRECIPITRON provides a com- 
plete answer to mass air cleaning jobs in all 
Commercial, Industnal, and Public Build- 
ings using forced ventilation or air-con- 
ditioning duct systems. 

Applications — PRECIPITRON is 
serving many manufacturing processes in 
blackout, air-conditioned plants. Removal 
of smoke, oil mists and welding fumes 
makes possible a considerable reduction 
in fresh air requirements with consequent 
savings in cooling and heating costs. 

In steel mills and power plants PRE- 
CIPITRON is cleaning the ventilating 
air for rotating electrical machinery. 
Precision tools, dies and gauges are stored 
in spaces supplied with PRECIPITRON 
cleaned air to protect them from abrasive 
and corrosive dust or dirt. Optical instru- 
ments such as bomb sights, binoculars and 
telescopes are being assembled and main- 
tained to a higher degree of precision with 
electrostatically cleaned air. PRECIPI- 
TRON cleaned air is being supplied to 
paint spray booths, air cooled radio trans- 
mitters, food and drug processing and 
packaging areas, and for the processing and 
molding of plastic materials. Other fields 


in which the PRECIPITRON is a proved 
component of the ventilating or air-con- 
ditioning system are textile mills, tele- 
phone exchanges, hospital operating rooms 
and commercial and public buildings. 

Sizes— The PRECIPITRON is avail- 
able, complete for installation, to accom- 
modate from 1200 cfm (for a single 24 in. 
cell) to any desired volume through 
multiple cell arrangements. Cells come in 
two sizes — 24 x 24 x 26J4 in. and 36 in. x 
24x2634 in. For a 90 per cent efficiency, 
the 24 in. and 36 in. cells are rated at 1200 
and 1800 cfm respectively. For 85 per 
cent efficiency, ratings are 1500 and 2250 
cfm. Two sizes of Power Packs: Type 
S for installation up to 5 36-in. cells and 
Type L for 5 to 16 36-in. cells. 

Advantages — More efficient than me- 
chanical filters. Safe. Easily installed. 
Non-clogging, and non-varying resistance. 
Easily cleaned. Listed by Underwriters’ 
Laboratories. 

Information — Address inquiries to Pre- 
cipitron Department, Westinghouse Elec- 
tric & Manufacturing Company, Edge- 
water Park, Cleveland, Ohio. 

♦Trade-mark Registered in U.S.A. 
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Air System Equipment 


Humidifying 

Units 


American Moistening Company 

Established 1888 

Providence 1, R. I. 

Atlanta, Ga. Boston, Mass. Charlotte, N. C. 



UNIT HUMIDIFYING AND AIR CONDITIONING EQUIPMENT 


A few of many AMGO products with a Long Record of Dependable Performance 


Self -cleaning Atomizers 
Sectional Humidifiers. 
Amtex Humidifiers. 
Hand Sprayers. 

Mine Sprays. 


Fabric and Paper Dampeners. 
Mechanical Psychrometers. 
Electro Psychrometers. 

Sling Psychrometers. 
Hygrometers. 


The Amco line of devices for the supply, maintenance and control of humidity is com- 
plete in its ability to meet any presented problem of applied humidification. Used 
independently or as an adjunct to Central Station equipment, these devices auto- 
matically maintain any required humidity condition in a capable uniform performance. 



AMCO ATOMIZER~No. 5 

Quality and quantity of spray are maintained even under 
adverse conditions because this atomizer is automatically 
self-cleaning. When the compressed air supply is shut off, 
either manually or in response to a humidity control, both 
air and water nozzles are thoroughly cleaned. 



AMCO HUMIDITY CONTROLS 
Compressed Air Operated 

An extremely accurate and active device operated by 
compressed air which assures a regulation of humidity 
within exceedingly close ranges. 


AMCO HUMIDITY CONTROL 
Electrically Operated 

Similar in principle to the Compressed Air Type except 
that the hygroscopic element operates electrical contacts 
which control the units. 



IDEAL HUMIDIFIERS— Senior Type 

A high capacity unit for use where conditions require a 
great amount and good distribution of moisture. Motor 
driven fan gives wide distribution of atoniized^ spray. 
Amco heads serve the triple purpose of humidifying, air 
washing and cooling. 

IDEAL HUMIDIFIERS— Junior Type 

Similar in construction to Senior Type. Used where 
medium capacities are required. 
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Air System Equipment • Roof Cooling 


April Showers Company 

4126 Eighth Street, N.W. Washington, D. C. 



(Trade Mark Reg. U. S. Pat. Office) 


AUTOMATIC EVAPORATIVE ROOF COOLING 

FIRE PREVENTION (from external sources) SYSTEM 
AN EFFECTIVE WATER INSULATOR for all KINDS of ROOFS 

Distributors and Dealers in Principal Gides 


APRIL SHOWERS GO TO WAR 

APRIL SHOWERS is now used by, and improves the working conditions in, many 
defense plants of our nation. Our largest installation is a 500,000 sq. ft. job at LUKAS- 
HAROLD CORP., U. S. Naval Ordnance Div., Indianapolis, Ind. It required over 
2000 spray heads to cover this large roof area. Powers pneumatic controls were used. 

Another large installation was made for GOODYEAR AIRCRAFT CORPORATION, 
Litchfield, Arizona. This roof has an area of 300,000 sq. ft. and M-H controls were 
used. The Manager of Plant Engineering Dept., wrote us, “There actually is a reduction 
in temperature of 12 to 15 deg. F. with the APRIL SHOWERS in operation. We feel 
that the APRIL SHOWERS have more than paid for themselves since their installation 
of a year ago.’* ^ A large number of DEFENSE PLANTS are increasing production 
with better working conditions made possible by APRIL SHOWERS installations. 

Post-War planners for enlarged business, write us.^ APRIL SHOWERS GO TO WAR 
is the title of a new brochure sent free for the asking. It explains how you may now 
make your own survey, even your own installation in some sections during the war. 
Solar gain through radiation can easily be dispelled. Design, layout and what may be 
expected from water applied to roofs, in various ways is discussed. Send for your copy 
now. 

Air conditioning and plant engineers are agreed that APRIL SHOWERS fills a definite 
need where its use is indicated. 


• Solar radiation is converted to cooling 
effect, reducing normal heat transmis- 
sion 70 per cent upward. Entire roof 
surface temperature is normally held at 
wet bulb temperature when evaporative 
factors are favorable. Transmission of 
solar heat through glass skylights is 
reduced as much as 85 per cent. 

• Fire Prevention from external sources 
is obtained through installation of 
manual emergency switch. Roof is 
quickly and completely sprinkled at will, 
putting out fire-brands, sparks, embers, 
and maintaining a water roof. 


>For Cooling Automatically upper 
level, floors, lofts, rooms of buildings. 
For giant stores, theatres, amusement 
palaces, stadiums. APRIL SHOWERS 
is self operating by use of an electric 
thermal control placed upon the surface 
of the roof in the SUN. Evaporative 
cooling effect of liquid applied turns sys- 
tem off. Operating cycles repeat as roof 
temperature calls for cooling. Water 
may be used from city mains, wells, or 
waste water from condenser units. 
Water Consumption can be adjusted 
to approximately twenty gallons per 
day for 1,000 sq. ft. 


Hundreds ^of installations, from Poston to Los Angeles have been made. 

Write for information and address of nearest distributor. 

Inquiries will be answered promptly. Estimates free upon request. 

APRIL SHOWERS controlled roof cooling is protected by U. S. Patents; beware of imitators or infringers. 

Developed in 1933-34. 
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Air System Equipment • 


Lilie-Hoffmaan Cooling Towers, Inc. 

Exclusive Builders of Cooling Towers for 45 Years 

4239 Duncan Ave., St. Louis, Mo. 

Two Modem Plants — St. Louis, Mo. and Plainview, Texas 


INDUCED DRAFT TOWERS 

New type filling reduces static pressure; uni- 
formly distributes air and water over effective 
tower area. Ring gravity distribution system 
requires only one riser pipe. Each cell main 
trough equipped with Weir gate, giving in- 
dividual cell control. Teco timber connectors 
develop 100 percent working stress of members. 



FORCED DRAFT TOWERS 

Three-tier zigzag pattern spray eliminator system cuts drift loss to a minimum. Fan 
opening covered by galvanized screen wire. Built in single or multiple cells. Continuous 
design improvement, based on installation studies, presents record of unfailing operation. 




ATMOSPHERIC SPRAY TYPE 
Generally offered in capacities up to 
300 gpm. Distribution by galvanized 
pipe header with smaller lateral arms, 
equipped with non-clogging spray nozzles. 
Louvres fit into mast slots — no nails re- 
quired. Recommended where cost is 
prime factor; and close approach to wet 
bulb is unnecessary. Rigidly braced and 
tied together to prevent warping and 
buckling. 


ATMOSPHERIC DECK 

Distribution by either wood trough, or wood pipe header system. Removable deck 
grids. Special L-H drift baffles on deck supports prevent entrained water loss. Generally 
12 ft wide— can be made any length or height. 


Air System Equipment • roSS?/ 



SMALL INDUCED 
DRAFT TOWERS 
Small, self-contained, 
steel units for 2 to 170 ton 
service, to go indoors or 
out. Horizontal air flow. 
Smaller sizes shipped all 
assembled. Larger sizes 
are entirely shop fabri- 
cated for fast, simple as- 
sembly at the location. 
Bulletins 503 and 505. 


LARGE MARLEY INDUCED DRAFT TOWERS 
Both Conventional and Double-Flow types, for heavy 
duty water cooling services of all kinds. Any capacity, 
with one fan or many, individually engineered to the exact 
requirements of each installation. MARLEY patents cover 
a variety of important features for extreme operating 
flexibility, high efficiency and economy. 

Redwood is the standard structural material. Steel, 
transite and other special materials require much higher 
priorities for the war’s duration. 

Conventional Induced Draft (pictured above in steel 
construction; below right, of Redwood) well adapted to 
most large capacity services. Bulletin 603. 

Double-Flow Induced Draft (below left) for unusually 
large capacity services. Bulletin 605. 







/izr OySLCm Il,quipmem • Towers 


Water Cooling Equipment Company 

8613 New Hampshire Avenue 

Affton Station, St. Louis 23, Missouri 


MANUFACTURERS OF MECHANICAL DRAFT 



AND ATMOSPHERIC COOLING TOWERS 




FORCED 
DRAFT 
COOLING 
TOWER 

41,500 g.p.m. 
twenty-two cell, 
heavy duty, doub- 
le forced draft 
cooling tower . . . 
equipped with 
twenty-two 12-foot diameter adjustable 
pitch, propeller type fans. 


REDWOOD 
“WATERFALL” 

ATMOSPHERIC 
SPRAY 
COOLING 
TOWER 

Factory fabricated 
and shipped 
knocked-down 
with all hardware, 
spray headers and 
spray ^ nozzles. Complete erection in- 
structions and drawings are furnished to 
assist in the assembly of the tower. 

These towers are portable and can be 
knocked-down and moved simply by 
removing the louvres and bolts. Shipment 
can be made from stock. 





REDWOOD 
ATMOSPHERIC 
DECK TYPE 
COOLING 
TOWER 


INDUCED 
DRAFT 

This type of cool- 
ing tower is rec- 
ommended for in- 
stallations where 
noise is a prime 
factor of consider- 
ation. The noise' 
of the mechanical 
items is carried upward and discharged' 
into the air. The mechanical draft cooling 
tower assures a positive cooling of the 
water to a specified temperature inde- 
pendent of wind velocity. 



TIMBER 

JOINT 

CONNECTOR 

Special cast iron 
timber joint con- 
nector used to 
develop the full 
strength of the 
timber joint, an 
accomplishment 
almost impossible 
to achieve by bolt- 
ing. 



Patent No. 2,280,121 



Patent No. 2,123.697 


SPRAY 

NOZZLES 

“Whirlcone*' 
non-clogging, 
low pressure, 
centrifugal 
type spray 
nozzles fot 
spray ponds, 
spray towers 
and other usesl 


PRODUCTS 

Heavy duty forced and induced draft 
cooling towers, standard induced and 
forced draft towers, induced draft coil 
towers, atmospheric deck cooling towers, 
atmospheric spray towers, spray ponds and 
spray nozzles. 


ENGINEER)[NG ' 5 .^ ' 

Design and construq^dn are based on 
sound engineering principles to meet speci- 
fic requirements for cooling performance 
and structural strength. Redwood, steel 
or other suitable materials are used. 
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Atr System Equipment • spray Nozziea 


Jos. A. Martocello & Company 

229-31 North 13th Street, Philadelphia, Pa. 

ATOMIZING SPRAY NOZZLES 



MARTOCELLO 

Atomizing Spray Nozzles 
produce a uniform, good, wide 
spray with less friction and at 
minimum pressure require- 
ments. 

Nozzles illustrated at the 
right are manufactured with 
precision in Brass from Forg- 
ings and Bar Stock. Their 
design has been thoroughly 
tested for results and durability 
and will give you satisfaction. 

Successful, Efficient Re* 
suits depend largely upon 
selecting the proper number 
and type of Nozzles suitable 
for your job. Therefore we 
suggest you send us your speci- 
fications as we also have several 
Types other than illustrated 
and we will gladly assist you to 
obtain the most efficient ap- 
plication. 



MARTOCELLO 
Spray Pond Nozzles of a 
sturdy one-piece construction 
— cast of High Grade Red 
Brass with Inlet and Outlet 
accurately machined, are less 
clogging, offer less friction and 
give best overall efficiency. 



MARTOCELLO CLUSTER CASTINGS 

Sturdy Grey Iron Construction with large 
area for reduced friction and even distribution and 
are Hot Dipped Galvanized after fabrication. 

Furnished with Nozzles and continuous Standard 
Steel Long Sweep Galvanized Pipe Spray Arms 
and Center Nozzle Nipple in accordance with 
layout required. 

Sizes Carried in stock for Prompt Shipment 
in. P. S. Outlet, 3 in. P. S. Inlet and 2 in. P. S. 
Outlets, 4 in. P. S. Inlet Cluster Castings. 

WRITE, PHONE OR WIRE 

For Bulletin listing'Capacities and Prices. 

Prompt shipments from stock. 
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Atr System Equipment 


Heat Transfer Surfaces 
Condensers 



Acme Industries, Inc. 

Jackson, Michigan 

Representatives in Principal Cities 


refrigeration and air conditioning equipment 



AMMONIA CONDENSERS 
FREON CONDENSERS 


For use with Ammonia, Freon, Sulphur 
Dioxide or Methyl Chloride. Tailor-made 
to order to meet varying water tempera- 
tures available and condensing temperature 
desired. Sizes range from fractional tons 
up. 

For Ammoma — Ask for Catalog No. tSl 
For Freon — Ask for Catalogs iVos. SSS and 24 



DRY-EX WATER CHILLERS 

Water chillers that are especially designed 
for recirculating systems — air conditioning 
of indirect type, processing, etc. Refrig- 
erant in tubes — no bends; controlled water 
velocity; small refrigerant charge. 

Ask for Catalog No. 60 



EVAPORATIVE CONDENSERS 

Combine desirable features of cooling 
tower or spray pond and the water-cooled 
condenser. Heavy galvanized iron casing 
with bitumastic rust resisting paint coating 
inside. Rests on heavy sheet steel base. 
11 Models — capacities up to 100 tons. 

Ask for Catalog No. S7 



ACME HEAT INTERCHANGERS 

For use with Freon, Methyl Chloride and 
other refrigerants. Sizes suitable for use 
with varying imposed loads, refrigerant 
liquids, and gas temperatures. 

Ask for Catalog No. IIS 


ACME ALSO MANUFACTURES: flooded shell and tube coolers, pipe 

COILS, BRINE COOLERS, HI-PEAK WATER COOLERS, AIR CONDITIONING COHS, 
FORCED CONVECTION UNITS, OIL SEPARATORS, lIoUID RECEIVERS, 
ACCUMULATORS, SURGE DRUMS. SPECIALTIES. 

Ask for Catalogs 

You don't have to choose between quality and price — BUY ACME 
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Air System Equipment 


Heat Transfer 
Surface 


f4€-ROFIN CoRPOR/iTlON 

410 So. Geddes Street 
Syracuse, N. Y. 

Aero FIN 

Standardized Light-weight Heat Exchange Surface 
Branch Offices 

CLEVELAND. CHICAGO. NEW YORK, PHILADELPHIA, DETROIT, DALLAS. TORONTO 


Aerofin is the modern Standardized 
Light-Weight Encased Fan System Heat- 
ing and Cooling Surface originated by Fan 
Engineers to meet the present and future 
requirements of this highly specialized 
field. All Standard Aerofin Units are 
furnished as completely encased Units, 
ready for pipe and duct connections. The 
patented casings are built of pressed steel 
and are exceptionally strong and ^id, 
protecting the Unit from all the strains of 
pipe connections and expansion or con- 
traction in service. The casings are flanged 
on both faces, top and bottom, and tem- 
plate punched for bolting together adjacent 
Units, or for duct connection. 



Aerofin Non-freeze heater (Fig. 1) is 
non-freeze, non-stratifying spiral fin coil 
built into casing for air conditioning units 
or for installing in ducts. May be installed 
horizontally or vertically. Used on any 
two-pipe steam system for preheating or re- 
heating. Modulating control on preheaters. 

Available in 13 lengths and 3 widths, 
from net face area of 2.76 sq ft to 26.28 
sq ft. 

Tubing 1 in. O.D. Innertube ^ in. O.D. 

Headers — Cast Brass. 

Fins — spiral, turned copper. 
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Fig. 2 


Flexitube Aerofin (Fig. 2) is distin- 
guished from all other developments by its 
ofF-set tubes, so arranged as to absorb all 
expansion and contraction strains. 

Headers — Cast bronze or aluminum. 

Tubing — 5^ in. O.D. copper, admiralty 
or aluminum. 

Joints — Where admiralty or copper tubes 
are used together with bronze headers 
tubes are brazed to headers using Mueller 
patented joint. Where both aluminum 
tubes and headers are used tubing is 
welded to headers. 

Casings — Copper, aluminum or galvan- 
ized iron. 

Design — Constructed with headers on 
opposite ends making possible installation 
of units with tubes horizontal or vertical. 



Ftg. s 


Universal Aerofin (Fig. 3) is distin- 
guished by its “S” bend construction of 




Aerofin Corporation 


Air System Equipment 


Heat Transfer 
Surface 


tubing, units designed with steel headers 
on opposite ends, the ends of the “S” 
bends being connected thereto by com- 
pression nuts, the bends taking care of the 
expansion and contraction of the tubing. 

Recommended where close control is 
desired. 

Headers — Pressed steel. 

Tubir^ — 1 in. O.D. Copper, admiralty 
or aluminum. 

Casings — Copper, aluminum or galvan- 
ized iron. 



Ftg. 4 


H^h Pressure Aerofin (Fig. 4) is of 
continuous tube design, being recommend- 
ed where extremely high pressures of steam 
are used. 

Headers — Pressed steel. 

Tubing — 1 in. O.D. Copper, aluminum 
or admiralty. 

Casings — Copper, aluminum or gal- 
vanized iron. 



Ftg. 6 


Booster Aerofin — straight tube type, 
single pass construction for pressures from 
1 to 200 lb gauge. 

Headers — cast bronze. 

Tubing — 5^ in. O.D. copper 


Casings — copper, aluminum or gal- 
vanized iron. Recommended where small 
coils are needed or to raise the air tem- 
peratures in branch ducts. 



Ftg 6 


Narrow Width Aerofin: (Fig. 6) 
recommended for water cooling or for 
flooded Freon systems. Made in straight 
tubes only with headers on opposite ends, 
joints between headers and tubing being 
brazed. Construction similar to Flexitube 
Aerofin. 



Ftg 7 


Aerofin Continuous Tube Water 
Coils (Fig. 7) are designed for air cooling 
by circulating cold water through the 
Aerofin and air over extended fin surface. 
Made for either horizontal or vertical 
air flow. 

Tubes and fins are copper, completely 
tinned with permanent metallic bond 
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Aerofin Corporation 


Air System Equipment 


Heai Transfer 
Surface 


between fin and tubes. Headers are made 
of one-piece cast bronze and casings of 
heavy galvanized iron or copper. 

Units tested to 1000 lb hydrostatic 
pressure. 



Fig. 8 


Aerofin Gleanable Tube Units (Fig. 
8) for cooling only and all made with 
headers removable to permit cleaning out 
tubes. Recommended for use where sedi- 
ment or scale forming chemicals are 
present in the cooling water. 

Headers — Cast iron. 

Tubing — Copper or admiralty. 

Casings — Copper or galvanized iron. 



Fig. 9 

End plate removed showing distributing 
and suction headers. 

Aerofin Direct Expansion Units: 
(Fig. 9) Row Control Type — Recom- 
mended for use where cutting on or off 
rows of tubes in direction of air flow is 
desired. Suitable for use with Freon or 
Methyl-Chloride. 



Fig. 10 

Aerofin Direct Expansion Units: 
(Fig. 10) Centrifugal Header Type — Re- 
commended where control of rows in 
direction of air flow is not required. 

Advantages: Weighs but 9 to 16 per 
cent of same equivalent cast iron surface 
and occupies one-third of the space. 
Eliminates expensive foundations and 
building re-inforcement. Can be suspended 
from roof beams or trusses if necessary. 

Aerofin Sizes 

Flexitube: 13 standard lengths, three 
widths, one and two rows deep. 

Narrow: same as Flexitube. 

Universal: 17 standard lengths, two 
widths, one and two rows deep. 

GontinuousTube : 13 standard lengths, 
three widths, 2-3-4-5 and 6 rows deep. 

Gleanable Tube: 17 standard lengths, 
one width, 2 and 4 rows deep. 

Direct Expansion: Row Control — 11 
standard lengths, 3 widths, 1-2-3 rows 
deep. Face Control — 11 standard lengths, 
3 widths, 2-3-4-5-6 rows deep. Centrifugal 
Header — 11 standard lengths, three widths, 
2-3-4-5-6 rows deep. 

Steel Supporting Legs; 18 in. and 
24 in. high. Punched same bolt hole 
centers as standard casings. Quickly 
attached. No other foundation required. 

Sale: Aerofin is sold only by manu- 
facturers of nationally advertised Fan 
System Apparatus. List upon request. 

Write Syracuse for Heating Bulletin 
G-32; Direct Expansion Bulletin DE-34 
on refrigeration type units; Continuous 
Tube Bulletin C. T. 34 for Water Cooling 
Coils; or phamplet on Cleanable Type 
Aerofin for cooling. 
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Heat Transfer 
Surface 


The G & O Manufacturing Company 

138 Winchester Avenue New Haven, Connecticut 

GSO 

SQUARE FIN TUBING 

STRAIGHT LENGTHS— U-BENDS— CONTINUOUS COILS 







Air System Equipment 


Refrigeratini 

Machinery 


Baker Ice Machine Co., Inc. 


SALES AND SERVICE 
IN PRINCIPAL CITIES 



Omaha, Nebraska 

Cable Address: BAK.ERIGE 


BUILDERS OF DEPENDABLE REFRIGERATION EQUIPMENT SINCE 1905 

• Get specifications for your requirements from the BAKER line of equipment. Every 
machine and cooling assembly has been precision-manufactured and designed to offer 
maximum service, dependability and economy per dollar invested. Write for infor- 
mation and descriptive literature on units shown below. 



Methyl Chloride or 
“Freon-12” 
Compressors 
• Four-cylinder type, 
available in sizes from 
3 hp to 60 hp. Semi- 
steel cylinders and 
pistons. Counter- 
balanced crankshaft, 
precision ground. Timken roller main 
bearings. Full force feed lubrication is 
furnished by gear type oil pump. 

Methyl 
Chloride or 
“Freon-12” 
Water- 
Cooled 
Condensing 
Units 

• Complete 
line of self-con- 
tained, auto- 
matic units. Sizes range from 3 hp to 
20 hp capacity. Two- and four-cylinder 
types. Shell and tube condenser-receiver. 

Methyl 
Chloride or 
“Freon-12” 
Compressor 
Units 

• Arranged for 
use with evapor- 
ative type con- 
denser or sepa- 
rately mounted 
shell and tube condensers. Sizes range 
from 3 hp to 20 hp. Two- and four- 
Automatic controls. 




cylinder types. 



Ammonia 
Compressors 
(3 to 100 hp) 

• Vertical en- 
closed, single- 
acting type. 

Can be install- 
ed in multiple 
installations. 

V-belt drive or 
direct connec- 
tion to motors 
or engines. Double suction and capacity 
reduction in larger sizes. 

Ammonia 
Water-Cooled 
Condensing 
Units 

(3 to 15 hp) 

• Excellent for 
all industrial ap- 
plications. Shell 
and tube type 
condensers with 
pressure-operated water control valve. 
Compact design economizes floor space. 




Ammonia Compres- 
sor Units (3 to 20 hp) 

• Designed for quick 
installation and ready 
accessibility to all unit 
parts. For use with 
evaporative or sepa- 
rately mounted shell and tube type con- 
denser. Full enclosed automatic motor 
control with overload and low-voltage pro- 
tection. Two- or four-cylinder compressor, 
V-belt drive. 

Baker Shell and Tube Condensers and Liquid 
Coolers for Use with Ammonia or “Freon-12” 
(1 to 250 tons capacity) 

• Made in sizes up to 2500 square feet of cooling surface 
in single shells. Available for multi-unit installation 
with special^ stands to allow compact installation. 
Supplied in either horizontal multi-pass or vertical type. 
, . ^ , Heads may be removed quickly and easily for complete 

cleaning Tubes are spaced to provide even gas distribution throughout the shell. All 
valves of maximum size for greatest efficiency. 

Baker Also Manufactures a Complete Line of Industrial-Type Cooling Units. 
Ammonia Valves, Screw-End Fittings, Capped Valves, Flanged-Type Fittings 
SPECIFICATIONS AND SIZES SUBJECT TO CHANGE AS REQUIRED BY GOVERNMENT REGULATIONS 
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BRUNNER MANUFACTURING COMPANY 


COMMERCIAL 
REFRIGERATIOH 

The Brunner Line of Refr^eration 
Equipment includes Air Conditioning 
models up to and including 25 hp for all 
types of high temperature applications 
within their capacity, using either “Freon- 
12” or Methyl Chloride as refrigerant. 

BRUNNER DEPENDABILITY is based on time-proven features of design and manu- 
facture ... all parts are precision machined with extremely close tolerances . . . bronze 
bearings throughout . . . extra large fin surface on cylinders and heads . . . bellows seal . . . 
silent eccentric drive (except on 20 hp and 25 hp models, which employ crankshaft) . . . 
suction and discharge valves in “all-in-one” plate assembly . . . heavy-duty motor with 
high starting torque . . . adjustable motor base . . . multiple V-belt drive. Throughout, 
Brunner Refrigeration Units are geared to the demands of heavy-duty service. 


SPECIFICATIONS 

CAPACITIES 

Air Conditioning Units 
Based on 76° P Water 
Temperature 

“Freon-12” Refneeraal;^^ 

DIl^NSIONS 

Model No. 

H. P. 

Cyls. 

Bore and 
Stroke 

R.P.M 

B.T.U. per Hr. 40® 
Evap Temp. 

L W. H. 

W 300-FH 

3 

4 

3Hx214 

260 

38547 

50' 24" 2854' 

W 500-EH 

5 

4 

3Hx2i4 

420 

62270 

50' 24" 2854' 

W 750-FH 

7^ 

4 

4%x3 

260 ! 

91526 

71" 29Vi' 3854' 

W 1000-FH 

10 

4 

454x3 

350 

123211 

71' 2954" 3854' 

W 1500-FH 

15 

4 

454x3 

525 

184815 

71' 2954" 3854" 

W20000-FH 

20 

4 

454x5 

435 

255046 

73" 3354" 4854' 

■W25000-FH 

25 

4 

454x5 

540 

316652 

73" 3354" 4854' 


Additional air and water cooled models from H h.p. for commercial and industrial applications. 


The Brunner Field Sales Organization is available in all parts of the country, backed 
by outstanding achievements in engineering, and adoption of modern methods and design 
of air conditioning equipment. 

Installation of Brunner refrigerating units is insurance of the finest quality materials and 
workmanship — plus the highest efficiency possible in modern design and manufacture. 

FREE . . . COMPLETE ILLUSTRATED CATALOG 

with large section devoted to ways of selecting the proper units for any application. 



UTICA, N. Y., U. S. A. 
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Curtis Refrigerating Machine Division 

of Curtis Manufacturing Company 

1959 Kienlen Ave., St. Louis, Mo., U. S. A. 

Established 1854 


Full Line of Units 
from 1/6 to 50 hp 



Unit Coolers and 
Evaporator Coils 


PRODUCTS; Refrigerating Machinery; Forced Draft Cooling Units; Cooling 
Coils, Condensers, Shell and Tube Coolers, Valves, Fittings and Accessories, 
Complete Refrigerating Equipment for Dairies, Creameries, Ice Cream Cabi- 
nets, Ice Cream Making Plants, Cold Storage Locker Systems, Walk-in Coolers, 
Drinking Water Systems, Commercial ana Low Temperature Cooling, Pro- 
cessing and Air Conditioning Installation, Packaged and Remote Types. 



i/e to K kp Sdf-Coniatned 
Condensing Unit. 



Commercial Refrigeration 

Air cooled condensing 
units from to 5 hp, 

inclusive, and water cooled 
units from to 50 hp, 
inclusive. All models 
available for either Freon 
(F-12) or Methyl Chloride. 
Mechanical advantages 
include Timken Bearings, 
Centro-Ring Positive 
Pressure lubrication. 

Special models are avail- 
able for ice cream, frozen 
food cabinets and for the 
dairy industry. 


1}^ hp Air Coded Condensing Unit. 
Other sizes from H to 6 hp. 



S hp Water Coded {Counterflow) 
Condensing Unit. Other sizes from 
}i to 6 hp. 



7i^‘10-16 ton Remote or Central 
Type Air Conditioner. 


Saturated Air 
Condenser 

F or condensing refrigerant 
vapors economically and 
efficiently. Saves approxi- 
mately 95 per cent water 
cost. Used for air con- 
ditioning ^ or commercial 
refrigeration installations 
up to 5 ton Capacity. 

Air Conditioning 

For today’s essential Air 
Conditioning require- 
ments Curtis offers com- 
plete packaged, refriger- 
ated air conditioning 
units, requiring only water 
and electrical connections 
to install. Cools, dehu- 
midifies, circulates and 
filters the air. Eliminates 
costly installation ex- 
pense. Adaptable for 
heating. 



15 hp Cleanahle Shell and Tube 
Condensing Unit. Other sizes 
from S to SO hp. 




S and 6 ton Packaged Type Air 
Conditioner. 
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Refrigera ting 
Machinery 


Albany 

Atlanta 

Baltimore 

Boston 

Buffalo 

Charlotte 

Chicago 

Cincinnati 

Dallas 

Detroit 

Kansas City 


Frick Company 

(Incorporated) 

Air Conditioning, Refrigerating 
and Ice-Making Equipment 


Waynesboro, Penna. 


Distributors in 150 




Los Angeles 
Memphis 
New Orleans 
New York 
Oklahoma City 
Palatka 
Philadelphia 
Pittsburgh 
St. Louis 
Seattle 
Washington 


AIR CONDITIONING 

Complete Frick sys- 
tems; also refrigera- 
tion for use with 
equipment supplied 
by others. Over 1000 
installations attest 
the value of Frick air 
conditioning systems 
and those using the 
Auditorium patents. 
Successful experience 
with important Gov- 
ernment and in- 
dustrial war jobs 
enable us to solve 
your problems. 


AMMONIA REFRIGERATION 

Combined 
units and ver- 
tical enclosed 
compressors, 
with two or 
four cylinders, 
in sizes from 
3^-ton up. 

Widely used 
for air condi- 
tioning, with 
material sav- 
ings. Ask for 
Bui. 503 on 
this subject. 



Ash for Frick Bulletins 
SOS, 604, 505 and 6S0 
on Air Conditioning 



Pratt and Whitney use Frick 
Ammonta Refrigeration for 
World's Most Accurate Large 
Air Conditioning System 


FREON-12 
REFRIGERATION 
Frick “Eclipse” and 
larger F-12 compres- 
sors form the most 
complete and efficient 
line built. Coils, 
coolers, condensers 
and controls to suit. 

Patented Flexo-Seal 
at shaft, pressure 
lubrication from sub- 
merged pump, capac- 
ity controls, and 

other superior fea- Ammonia Machines of 750 T. R. Used for Air 
tures make Frick ma- Conditioning at American Viscose Plant, 
chines your logical Fro«i Royal, Va. 

choice. 



LOW-PRESSURE 
REFRIGERATION 
Commercial and in- 
dustrial units in sizes 
from M hp. up. 
Charged with either 
Freon-12 or methyl 
chloride. Air and 
water cooled conden- 
sers. Coils, coolers, 
and air conditioners, 
(^t in touch with 
your Frick Distribu- 
tor; ask for Bui. 97. 
Our service includes 
estimates, layouts, 
manufacture, instal- 
lation, maintenance. 






* 'Eclipse'* 

Freon-lS Compressor. 
Btdletin 100. 


Enclosed 

Freon-1 S Machine. 
Bulletin 508. 
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Mario Coil Co. 

6135 Manchester Ave., St. Louis, Mo. 

Manufacturers of Heat Transfer Equipment 

Brine Spray Units — Unit Coolers — Evaporative Condensers — Low Tem- 
perature Units — ^Air Conditioning Units — Heating and Cooling Coils. 


Evaporative 
Condenser 
A combination forced- 
draft Cooling Tower and 
Condenser for indoor or 
outdoor installations. 
Exclusive Mario features 
are ‘‘Unidrive”, pump- 
blower motor; all prime 
surface coils; internal 
surface covered 
with corrosion 
resistant mastic; 
frame electric 
welded and gal- 
vanized after 
fabrication. See 
Bulletin No. 404. 

Brine Spray Units 
Specially designed to 
maintain temperature 
below freezing, and yet 
eliminate all defrosting 
problems. Write for 
Bulletin No. 403. 


Unit Coolers 
In this new model, air is 
pulled instead of forced 
through coils, thus utiliz- 
ing complete coil surface 
and obtaining greater 
efficiency. Available in 
eight sizes, for all common 
refrigerants. Request 
Bulletin No. 402. 


Air Conditioning Coils — 
Blast Coils 

Durably built; conservatively 
rated; available in materials 
suitable for any cooling or 
heating medium. All coils 
thoroughly dehydrated and 
tested at 1,000-pound pres- 
sure under water. Ask for 
Bulletin No. 396. 





H 


■•sir 









Low Temperature Unit 

Designed for sub-zero temperature ap- 
plication. Equipped with the original 
Mario electric-heating element for manual 
or automatic defrosting. Available for any 
refrigerant. Full details in Bulletin No. 407. 

Air Conditioning Units 

Air Conditioning Units in either ceiling 
suspended or floor type. Capacities from 
900 cu ft to 12,000 cu ft. Sturdily built on 
angle welded iron frames of isectional 
design for easy installation. ' jBulletin 
No. 409 gives complete details. 




Air System Equipment 


Ref Tiger a ting 
Machinery 


Servel, Inc. 

Electric Refrigeration and Air Conditioning Division 

Evansville-20, Indiana, U. S- A. 


Condensing Units for 
dustrial Refrigeration 



Model WXT-750AFS, current 7H hp an 
condttionmg type condensing unit 


Servel has for over twenty years 
specialized in the production of high 
quality condensing units for chlorinated 
hydrocarbon refrigerants. With except- 
ional facilities for research and develop- 
ment, the product has been continuously 
improved and adapted to broadening fields 
of application. Over fifty standard models 
from H hp to 40 hp serve the three 
standard temperature brackets from 45 F 
to —25 F, in addition to which fifteen two- 
stage and three-stage models from H hp 
to 20 hp have been developed for special 
wartime applications in the range of 
minus 30 F to minus 110 F. All of these 
are available to all classes of dealers, 
distributors and manufacturers under 
selective franchise agreements. 

POST-WAR 

Research on new prbducts, which 
was temporarily suspended while tooling 

For your postwar plann 


Commercial and In- 
and Air Conditioning 

for war production, has been resumed and 
new designs, reflecting the experience of 
accelerated war production, are^ nearing 
completion. Important innovations will 
include hermetically sealed models in all 
fractional and several integral horsepower 
sizes. Improved types of conventional 
belt-driven compressors will also be avail- 
able up to 50 horsepower. All models, 
both hermetic and conventional, will 
feature compactness and weight reduction 
through use of strong, light materials, 
advanced technical design and high overall 
efficiency. 


COLLABORATION 

Servel engineers and sales executives 
will gladly collaborate in post-war planning 
with all manufacturers and contractors 
who contemplate production and distri- 
bution of room coolers, store coolers, store 
fixtures, farm freezers, and other self- 
contained fixtures requiring either com- 
plete condensing units or “power units” 
for incorporation into^ their^ products. 
Samples of post-war designs will be made 
available as soon as restrictions are suf- 
ficiently relaxed to permit production. 



Model S£Q~160F, current 1)4 hp two- 
stage unit for applications from — F 
to — 55 ® F with F-IS or F~£B. 


1— “GALL IN SERVEL” 
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Univehs 



OOLEB 


UNIVERSAL COOIER CORPORATION • 

MARION. OHIO • BRANTFORD, ONTARIO 


Manufacturers and designers of self-contained and remote types Refrigerating Units in 
wide range of capacities . . . complete line includes standard and custom-built units for 
a' variety of applications covering: 

• Frozen Food Cabinets. 

• Food Storage Refrigerators. 

• Refrigerated Display Gases. 

• Walk-in Coolers. 

• Ice Cream Cabinets. 

• Water and Beverage Coolers 

• Vending Machines. 

• Air Conditioning. 

• Truck Refrigeration. 

• Machine Tool Cooling. 

5 HP Condensing Unit, Remote Type 



Nearly a quarter century of experience and leadership backs the design and production 
of Universal Cooler Refrigerating Units. Outstanding performance on the job is recog- 
nized by manufacturers, architects, contractors and users everywhere . . . and confirmed 
by thousands of efficient, economical war and pre-war installations. 

To meet the needs of a 100 per cent war-geared schedule, Universal Cooler’s research- 
engineering and manufacturing facilities have been greatly expanded. Government 
assignments include refrigerating units and other precision-built equipment for the 
Army, Navy, Marine Corps and Air Corps. 

New methods, new knowledge and new skills which have been acquired with this broad 
program are establishing ever higher standards of production and performance efficiency. 
This valuable war-bom experience, and the greater Universal Cooler facilities are 
available for collaboration on your present and future refrigeration problems and planning. 

Inquiries Invited On Specific Product Data 


REFRIGERATION IS OUR BUSINESS 


972 



Air System Equipment 


Refrigerating 

Machinery 



The Vilter Manufacturing Co. 

Since 1867 


Milwaukee 7, Wisconsin 

AIR CONDITIONING EQUIPMENT FOR 
INDUSTRIAL OR COMFORT COOLING 

Offices and Distributors in Principal Cities 


Ammonia and Freon 
Compressors 


Shell and Tube 
Equipment 


Ammonia, Freon, Methyl 
Chloride Self-Contained 
Condensing Units 





Ammonia Conipressors — The result of over seventy years of research, development 
and experience gained through thousands of installations of all types, in all industries. 
Famous for high tonnage capacity at low HP and low operating costs. Built in a wide 
range of capacities from 2 to 100 tons standard A.S.R.E. rating in Vertical Types; up 
to 750 tons in Horizontal Types. 

Freon Compressors— Embody many outstanding features that prevent leakage and 
minimize friction — resulting in extremely low relative HP per ton. Made in capacities 
up to 150 tons. Capacitrols are available, providing flexibility of operation. 

Self -Contained^ Condensing Units — ^Vilter self-contained condensing units for 
Ammonia, Freon or methyl chloride are made in sizes from 34 to 30 HP. Dependable, 
economical operation. 

Unit Air Coolers — Available in a wide range of sizes and types for any air con- 
ditioning requirement — ^product coolers, dry coil coolers, spray type coolers, low tem- 
perature electric defrosting coolers, and floor or ceiling central system air conditioners. 

Water Coolers and] Condensers — ^A complete line of shell and tube and double 
pipe water coolers, brine coolers and condensers for Ammonia or Freon. 

Air Conditioning — All sizes and types of air conditioning coils, evaporative con- 
densers and air washers — and special units for central station comfort cooling systems. 

Valves, Fittings and Piping — ^Ammonia and Freon valves and fittings. Prefabri- 
cated piping in all sizes for refrigeration and special process work. 



Air System Equipment • 


Worthington Pump and Machinery Corporation 

Air Conditioning and Refrigeration Division 


Albany 

Atlanta 

Baltimore 

Birmingham 

Boston 


Geneml Offices: HARRISON, NEW JERSEY 
Buffalo Detroit Los Angeles Providence Springfield, Mass. 

Chicago El Paso New Orleans St. Louis Syracuse 

Cincinnati Fort Worth New York St. Paul Tulsa 

Cleveland Galveston Philadelphia Salt Lake City Washington, D.C. 

Dallas Houston Pittsburgh San Francisco Wilmington, Del. 

Denver Kansas City Portland, Ore. Seattle 

Representatives in all Principal Cities CA3-1 


REFRIGERATION SYSTEMS FOR AIR CONDITIONING 


Complete refrigerating systems for use with 
Freon-11, Freon-12, Methyl Chloride, Am- 
monia, or Carbon Dioxide, either direct- 
expansion or water cooling applications. A 
complete line of refrigeration compressors, 
permitting impartial recommendations. A 
nation-wide organization of Distributors 


in major cities to provide sales and engi- 
neering service and plan complete air con- 
ditioning systems of the central or unit 
type. Architects, Engineers, and Con- 
tractors are invited to consult with us. 
Write to Harrison, N. J., or any branch 
office, for bulletins on these products. 


Small Self-contained Units 



Freon-12 or 
methyl chlo- 
ride conden- 
sing units; 
motors to 2 
hp, with air or 
water-cooled 
condensers. 
Used in small 
air condition- 
ing systems, and in commercial refrigera- 
tion. Capacities up to 2 tons. 

Medium Self-contained Units 

Freon- 12 or 
methyl chlo- 
ride compres- 
sor units for 
use with 
‘ *shower^* 
condensers or 
water-cooled 

Pntl / i AtlQ01*C 

Features: FEATHER (Pat^d.) Valves*; 
automatic capacity control. Capacities 
3 to 30 tons. 



Large Self-contained Units 

Freon-12 or 
methyl chlo- 
ride compres- 
sor units for 
use with 
“shower*’ 
condensers or 
water-cooled 
„ condensers. 

Features: Worthington FEATHER 
(Pat*d.) Valves; automatic capacity con- 
trol. Capacities 25 to 100 tons. 



Centrifugal Refrigeration 
Water Cooling Systems 



Freon-ll centrifugal compressor, water 
cooler and water-cooled condenser in com- 
pact unit assembly. Electric motor or 
steam turbine drive. 56 unit sizes . . , 
150 to 1200 tons. 


Evaporative Type Jacket-Water 
Cooler 

(.With By-Pass Section For Automatic 
Temperature Control.) 

Cooling jacket 
water for diesel and 
gas engines, air com- 
pressors, etc. Ideal 
for the cooling of 
quenching oil for 
tempering steel pro- 
ducts. Also for cool- 
ing transformer oil 
jto reduce core loss. 



Miscellaneous 

High and low side equipment for every 
purpose. 
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Air System Equipment 


Refrigerating 

Machinery 


Worthington Pump and Machinery Corporation 


Air Conditioning Units 

For Direct Expansion Freon- 12 
or Chilled Water Circulation 



Vertical and horizontal; 500 to 12,000 cfm; 
large air passages; slow speed, quiet 
rugged fans, separable sections; readily 
accessible. The design permits flexibility 
in installation arrangements. 


Shower Condensers 



A combined con- 
denser, receiver, 
and modified cool- 
ing tower, in one as- 
sembly, for Freon- 
12 or methyl 
chloride systems; 
2 to 130 tons r^ 
frigeration; built in 
separable sections; 
all parts easily ac- 
cessible. Saves 90 
to 95 per cent in 
cost of water. 


Horizontal Condensers 



Atmospheric drip type, for warm corrosive 
waters. Double-pipe for closed systems, 
can be retubed without shutting down. 
Multi-pass, as illustrated above, for closed 
systems and space saving. 


Vertical Ammonia Compressors 

Pressure- 
lubricated ; 
roller main 
bearings ; 
safety heads; 
patented 
Feather 
Valves; belt 
drive, or di- 
rect-connec- 
ted to electric 
motor, diesel 
or gas engine; ratings from 2 to 160 tons 
in one unit. 





Horizontal 

Ammonia Compressors 



Single and duplex; single-stage and two- 
stage; belt drive, or direct-connected to 
electric motor, diesel, gas or steam engine; 
patented Feather Valves; ratings from 60 
to 750 tons. Automatic capacity control 
features are easily applied. Space require- 
ments vary depending upon type and drive. 

Carbon Dioxide Compressors 



A series of 
convenient 
types and 
sizes for 
every re- 
quirement is 
available. 


Liquid Cooling Equipment 

Various de- 
si g n s of 
horizontal 
single and 
multi-pass 
types, for a 
wide range 
of services; 
also verti- 
cal types. 
Chillers for 
oil dewaxing. Single and double-pipe for 
milk, wort, chemicals, etc. Cold liquid 
circulating systems. 
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Aif System Eguipment • Fans ana Blowers 



2310 Superior Ave., Cleveland-14, Ohio 


REX BLOWERS 



Blowers that correctly match the capaci- 
ty of the heating air-conditioning or venti- 
lating system. 

REX blowers have been developed in 
accordance with approved principles of fan 
design and practice, thereby producing 
efficient and dependable service. 

They are supplied with or without 
motors, with or without drive, or according 
to special individual requirements. All 
units are rated in accordance with the 
standard test code of the A.S.H.V.E. 

It’s likely that your requirements can 
be met by some size or type of REX 
blower. For complete information write 
for Bulletin No. 222, which contains a 
complete description of the units with 
tables of dimensions, capacities and other 
data. 



REX VENTILATING 

AIRATE EQUIPMENT 

Provides low-cost ventilation of industrial and com- 
mercial establishments, institutions and offices. 

Extensively used to exhaust heat, smoke, odors, 
fumes and stale air, thereby improving working con- 
ditions and efficiency. 

REX AI RATES are sturdy units, suitable for mount- 
ing in windows or other openings, to draw in or exhaust 
large volumes of air quietly and efficiently. 


Complete information can he obtained hy asking for our Bulletin Noe ^45. 

Since Pearl Harbor, REX Equipment by its durability, reliability and extra 
service, has done its part in America’s mighty war effort. 

In cantonments, factories, housing projects and other vital places — wherever air 
moving equipment is used — REX products are delivering unfailing service which has 
been characteristic of the REX line for over 35 years. 

^ Specify REX Equipment, it will deliver dependable service and long life which you 
rightfully expect from quality products. 
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Air System Equipment • Fans and Blowera 


The Allen Corporation 

9759 Erwin Avenue, Detroit 13, Michigan 


ENGINEERED 
VENTILATION 
FOR INDUSTRY 




HEAT • MOISTURE 
FUME AND DUST 
REMOVAL • • • 


Allen “LOW-NOIZ-LEVEL” 
Multi-Blade Fans: 




Are precisely balanced 
units designed for applica- 
tion where minimum noise , 
is permissible. Unit pres- 
sures on fan blade areas 
are low and close blade 
spacing prevents re-entry of exhausted air 
even where static pressures are appreciable. 
Construction is heavy and durable. Belt 
drive keeps motor size down and motor 
speed up. Proper pulley size enables fan 
speeds to be kept ‘‘right on the button” 
for maintaining rated capacities. 


Allen Type “H” 

Roof Fans: 

Offer a simple, com- 
pact, light-proof de- 
sign. Low height 
means minimum wind 
resistance. Effluent air 
blast is deflected to automatically open 
counterbalanced louvers at either end. 
Closed louvers when power is off prevent 
heat loss. Small motors exhaust relatively 
large air volume. Sizes: 30 to 60 inches. 
Capacities: 5600 to 45,000 c.f.m. 

Allen Exhaust Fan 
Sections: 

Can be used for conversion of 
all types of roof ventilators 
into powerful ventilator ex- 
haust or air supply units. 

Sections are simple, compact, 
sturdy, efficient. Centered fan and motor 
assembly mounted on inner steel rein- 
forcing band. Wholly enclosed, ball 
bearing, fan duty motors directly con- 
nected to propellers. Unit easy of access 
for inspection and lubrication. 

Other Allen Fans: 

Include Exhaust fans for industrial, com- 
mercial and residential use; Remote drive 
fan sections for corrosive and/or high 
temperature applications; “Electro-Wind” 
turbine type ventilators; Winter Supply 
Units designed to supply make-up air in 
winter to buildings whose exhaust capacity 
produces negative static. 




Allen “Laminar-Flow” 
Ventilating 
Roof Valve: 



For large 
area applica- 
tions. (Patent 
applied for) Fea- 
tures 80 per cent free . 

area within the limits 

of the case — a doubling due to Allen’s “ex- 
clusive” arrangement of effluent air in 
laminations rather than in a group of 
bifurcated streams which waste space. 
Units can be made up to 30 ft wide and of 
any length. Maximum unit height is 
26 inches. 


Allen “ELECTRO-WIND” 

Dual Range Ventilator: 

Is a turbine type ventilator uti- 
lizing wind actuation and incor- 
porating motor drive for use 
when no wind is present. Ex- 
hausts radially around entire 
circumference of rotor. Aided 
by wind currents from whatever direction. 
Driving element top-mounted to leave 
throat free. Durable, efficient, economical. 



Other Allen Ventilators and 
Allen Engineering Service: 

Standard Stationary . . . “Stream-Flo” 
. . . Type “H” Roof Ventilator . . . “Coni- 
Vane” Turbine Type . . . Type “C” 
Turbine Ventilator . . . Exhaust Fan 
Sections . . . Shutters and Bases. 

Allen is an engineering organization 
specializing in ventilation for industry. 
Allen fans and ventilators have been 
designed to meet problems of heat, dust, 
fumes and moisture removal. Inasmuch 
as Allen is always interested in the most 
economical solution of any ventilation 
problem, Allen men are not committed to 
fan systems but will as readily recommend 
gravity or combination gravity and fan as 
fan alone. Ask for an Allen engineering 
recommendation. 
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Air System Equipment • F&na and Biowem 


American Corporation 

3606 Mayflower Street, Jacksonville 3, Florida 
Manufacturer of GOOLAIR Ventilating and Exhaust Fans 
A Pioneer Manufacturer of V-Belt Drive Exhaust Fans 

Charter Member: Propeller Fan Manufacturers Association 




and suggestions for in- 
dustrial and commercial 
installations. 


TYPE S— 6 TO 9 FEET 
Especially designed for ventilating 
and cooling in industrial plants and 
shops, power stations, warehouses 
and other large buildings— the 
Type S fan has a heavily braced 
double frame, special pillow-block 
ball bearings on each side of fan 
wheel, 8 to 12 reinforced fan blades 
and up to 10 heavy duty V-belts 
depending on size of fan and motor. 

This fan is usually installed in roof 
bay or gable, penthouse or outside 
wall. 

QUALITY FEATURES OF COOLAIR EXHAUST FANS 

1. Built-In Springs on Smaller Motored Units— 
dampen vibration and practically eliminate noise for quiet 
installations by insulating moving parts from frame. 

2. Light, Compact Fabricated Steel Frame — fits into 
many openings where bulky metal housings cannot be 
used. 3. Reversible^when equipped with reversible 
motor, fan will blow in or exhaust as desired. 4. Ball 
Bearings in Fan Hub— eliminate sleeve bearing chatter 
and end thrust Imock — permit operation in any position 
(specify ball bearing motor for vertical or angle discharge). 
Use grease, instead of oil, requiring attention not more than 
once a year. 5. Eight Large, Slow-Moving Steel 
Blades — instead of 4 or less on cheaper fans — up to 12 
blades on type S. models. Low tip speeds for quiet opera- 
tion and steady flow of air. 6. V-Belt Drive — for high 
efficiency using small motor for economical operating 
speed. 7. Long Hour Service Motor — Nationally known 
makes of motors. 8. Certified Air Ratings — ^in accord- 
ance with Standard Test Codeof A.S.H.V.E. and N.A.F.M. 
9. ^11 Streamlined Orifice— (on T3T>e O & OT) avoids 
^‘spill-off " at end of blades, reduces power consumption. 


COOLING BY AIR MOVEMENT 
Construction engineers and architects as well as produc- 
tion superintendents know that proper ventilation is 
necessary for top efficiency in employees to insure 
maximum production. Not so well known is the fact 
that when heat and humidity induce high body tem- 
peratures and perspiration among workers — it takes 
from four to eight times the volume of moving air to 
correct this condition than it does for simple ventilation. 
Satisfactory cooling requires a complete change of air 
at least once a minute. 

The American Coolair Corporation pioneered in the 
manufacture of Exhaust Fans for ventilating and 
cooling. During the past 14 years, Coolair engineers 
have been directly responsible for many of the develop- 
ments in this growing field. 

In planning a Coolair installation determine the cubic 
content of the space to be cooled or ventilated and 
select a fan of ample capacity. Tables of performance 
data and fan sizes are shown on the facing page — and 
Coolair’s Catalog Pages, sent FREE on request, contain 
recommended air changes 


rj 


TYPE 0—26 TO 62 INCHES 
Patented built-in springs (on 
smaller motored sizes) and 
streamlined onfice combine to 
imke this type quiet in opera- 
tion. Designed for reversible 
operation it is equally efiSldent 
for vertical or angular discharge 
when equipped with ball bearing 
motor. Usually installed in full 
or section of window opening, 
outside wall, partition, skylight 
opening, penthouse — often used 
in a^ battery of units for most 
efi5cient cooling of le^ge build- 
ings. Covered by U. S. Patents 
1992112 and 219418. 


TYPE OT— TWIN UNIT 

This unique Coolair Twin-Unit is two fans of Type O spec 
fications mounted side by side in one frame and operated b 
a single motor. Widely used where limited headroom c 
vertical wall space wiU not permit the use of a single fa 
large enough for the job. Especially adapted for insta 
mtion in partitions, outside wall and on end can be fitte 
into gating window and door openings. Covered b 
U. S. Patents 1992112, 2108738 and 219418. 
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American Coolair Corporation Air System Equipment • Fans and Biowera 


Dimensions in Inches 


Fan 

Size 


Overall 

Width 

Overall 

Depth 

(Approx) 

28-W 

31 

33 

15 

to 

305/8 

305/8 

18 

2«/2^ 

365/8 

365/8 

18 

3-0 

425/8 

425/8 

18 


49 

49 

19 

4-0 

55'/8 

551/8 

19 


6P/8 

611/8 

19 

5-0 

675/8 

675/8 

19 

es 

751/4 

751/4 

28 

7rS 

867/8 

867/8 

34 


99 

99 

38 

9.S 

111 Vs 

lllVs 

38 

2-OT 

305/8 

6 II /4 

18 

2>/2-0T 

365/8 

731/4 

18 

3-OT 

425/8 

851/4 

19 

3«/2-0T 

49 

98 

19 

4-OT 

551/8 

110'/4 

22 


28-W FAN WITH 
SAFETY GUARD 
Coolair's lowest priced belt- 
drive fan is equipped with 
built-in springs, adjustable 
diameter motor pulley and 
safety guard. This fan can 
be easily and quickly in- 
stalled in upper or lower 
half of any standard window 
of work rooms or offices 
where proper ventilation is 
necessary for health, com- 
fort and efficiency of work- 
ers. See tables for data. 

DIRECT DRIVE FANS 
Four sizes 16 to 24 inches in 
diameter. General purpose 
exhaust fan for most com- 
mercial and industrial uses. 

Data on sizes, performance 
and dimension furnished on 
request. 

COOLAIR AUTOMATIC CEILING & WALL SHUTTERS 
Precision-built all-steel shutters that open and close auto- 
matically when fan is turned on or off. Ceiling shutters 
eliminate need of ceiling grille and trap door. Wall 
shutters give weather protection for fans discharging 
directly to open air. 



Performance Data — Coolair V-Belt Drive Fans 















Air System Equipment • and Blowers 


Bayley Blower Company 


1817 S. Sixty-Sixth Street Branches in Principal Cities Milwaukee, Wis. 

Builders of Heating, Ventilating, Cooling, Purifying, Humidifying and 
Air Washing Equipment; Exhaust and Drying Apparatus, Mechanical 
Draft and Blast, Fans and Blowers of all Types 


m 


Bayley Plexiform Fan: 

Is a multi-blade fan for 
supplying air for heating 
and ventilating systems, 
manufacturing processes, 
drying systems, forced 
and induced draft sys- 
tems. It is suitable for handling high or 
low temperature gases at medium or low 
pressure.^ Will deliver maximum quanti- 
ties requiring minimum space with great 
economy. 

This is a distinct Bayley product, high 
cla^ material and workmanship, properly 
designed to avoid excessive vibration and 
overstressing of parts. Inlets and outlets 
are prop^ly si2ed for maximum delivery 
and maximum efficiency. Fans are fur- 
nished in single or double width of any 
required arrangement and with sleeve or 
anti-friction bearings. 

Aeroplex Fan: 

Is of high speed design with self limiting 
power characteristics. Application parallel 
to the Plexiform F an. Highly efficient and 
quiet in operation. 

Bayley Exhausters and Pressure Blowers: 

Type “B" exhaust fan 
is for heavy duty, hand- 
ling refuse from industrial 
and textile plants, T^^e 
“EX” is used in handling 
smoke, fumes and dust- 
laden gases. Type “H” 
for high-pressure work. 

These units ^e highly efficient and of 
high class design and workmanship. 

Bayley Turbo Air Washers, 

Humidifiers and De -Humidifiers: 

The Turbo 
Atomizer 
used in the 
Bayley 
Washer pro- 
duces a 
steady, fine 
spray. Water 
at low pres- 
sure is deliv- 
ered to the 
center of a 
rapidly re- 
volving cone-shaped rotor provided with 
atomizing pins set in its periphery. This 


'W 



The Bayley Turbo Air Wcuher 8hou>~ 
ing Turbo Atomizer ond EUnUnator 


atomizer requires very little attention, 
and will operate successfully under low 
water pressure. The orifices are large and 
this atomizer, unlike high pressure nozzles, 
cannot clog. 


Bayley Chinook Heating Sections: 

The Chinook sec- 
tion is used with 
blast heating, venti- 
lating and drying 
systems, and is suit- 
able for high or low 
pressure steam cir- 
culation. The base 
is divided into two 
chambers. Steam 
enters (see cut) the^ 
lower chamber, ris- 
ing through J^-in. 
the IJ^-in. pipes leading from the upper 
chamber. Condensation takes place in 
the larger pipes, the wat^ falling into the 
upper Camber and draining away through 
the return outlet. The Chinook can be 
repaired in the middle of the bank without 
breaking steam connections or taking 
down a section. 

Shipped assembled in smaller sizes, and 
knocked down in the larger units. May 
be installed in horizontal or vertical 
position. 



pipes located within 


Bayley Chinookfin Heating Sections: 

Are the same design as the Chinook 
Heaters, using heavy gauge copper fin 
tubes. As compared with Chinook it is 
much lighter and occupies less space. 

Bayley Plexfin Unit Heaters: 

This unit in- 
corporates 
Chinookfin 
radiation and 
Plexiform or 
Aeroplex fans. 

The fan assem- 
bly including 
top plate and 
motor is re- 
movable as a 
unit for main- 
tenance and 
inspection. The heating element is a re- 
movable unit. Casing all welded extra 
heavy gauge. This is an exceptionally 
high grade unit at a moderate price. 
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Air System Equipment • and Blowers 


Buffalo Forge Company 

450 Broadway, Buffalo, N. Y. 


Sales Representatives 


Albany 7, N. Y — R B Taylor ^.1303 Standard Bl(te 

Atlanta, Ga — J J. O’Shea 305 Teckwood Drive 

Baltimore 2, Md — C A Conkhn, III 508 St. Paul St. 

Boston 75, Mass.— E. D Johnson, 

507 Mam St , Melrose Station 
Chicago 6, III — Emmert & Trumbo..20 N Wacker Drive 

Cincinnati 2, Ohio— F. W Twombly 626 Broadway 

Cleveland 13, Ohio— T. A. Weager, 418 Rockefeller Bldg. 
Dallas 1, Texas— T. H. Anspacher, 

1801 Tower Petroleum Bldg. 

Davenport, Ia — D C Murphy Co 305 Security Blc^. 

Dbs Moines 9, Ia — D C. Murphy Co., 214 Old Colony Bldg. 
Denver 17, Colo — Hendrie & Bolthoff Mfg. & Supply Co., 
Box 5110, Terminal Anne® 
Detroit 16, Mich. — Coon-DeVisser Co., 

2051 W. Lafayette Blvd. 

Houston 5, Texas — P H Hensarhng 2605 Werlem St 

Knoxville 12, Tenn.— C. F Sexton, 

P. 0 Box 2224, 702 Empire Bldg. 
Los Angeles 13, Calip — Frank Hallad^, 

708 Pershing Sq. Bldg. 


Miami 37, Fla.— Southern Air Conditioning Co , 

149 N. E 20th Terrace 

Minneapolis 2, Minn — E F. Bell 2102 Foshay Tower 

New Orleans 12, La — Devlin Bros.. . 1003 Maritime Bldg. 
New York 7, N Y. — Koithan & Johnson .. .39 Cortland St. 

Newark 2, N J — G C. Norman 27 Washington St. 

Omaha, Nebraska— Russell Hams. . .. 660 North S9th St. 
Pheladelphu 2, Pa. — Davidson &. Hunger, 

703 Cunard Bldg. 

Pittsburgh 22, Pa. — H. Lee Moore 421 Fulton Bldg. 

St. Louis 3, Mo — J. W. Cooper 2726 Locust St 

Salt Lake Citt, Utah — Lee Pace & Turpin, 

142 South Fifth West, P. 0. Box 677 
San Fhanciscoi^, Calif. — Moore? Madamery Ckaaaijany; 

1699 Van Ness Ave. 

Seattle 4, Wash.— Heating & Ventilating Equip. Corp., 
500 First Ave., So. 

Toledo 2, Ohio— C. M. Eyster Co ..1922 Linwood Ave. 

Washington 5, D C.— G. 8. FrankeL..S12 Woodward Bldg. 
Wilkes-Barrb, Pa.— Power Engineering Co., Brooks Bldg. 


PRODUCTS: Heating and Ventilating Equipment including: Unit Heaters, 
Multiblade Fans, Pipe Coil Heaters, Buffalo Air Washers, Buffalo Unit Air 
Washers, Buffalo Unit Coolers, Drying Equipment, Mechanical Draft Fans, Air 
Preheaters, Exhaust Fans, Blowers, Dust Collectors, Disc Fans, Spray Nozzles. 


Buffalo Limit-Load Fans 


Buffalo Air Washers 



Buffalo Limit-Load Fans for ventilating 
embody several improvements to deliver 
stepped-up efficiency under practical con- 
ditions. Durably built for years of service. 
Dynamically balanced. Quiet, economical 
to operate. Non-overloading character- 
istic prevents motor from overloading and 
burning out, regardless of fan load. 

Buf-flow Axial Flow Fans 
This specially de- 
signed high pr^sure 
fan — with direct- 
ional guide vanes — 
propels the air 
stream in a true 
axial direction. 

Energy losses, are 
reduced to a mini- 
mum with a resulting increase in fan 
efficiency and marked power savings. 
What’s more, this fan cannot overload and 
bum out the motor. 



Buffalo Air Washers 
and Humidifiers are 
built for the most 
efficient washing, 
purifying and tem- 
pering of air under 
varying atmospheric 
conditions. Design- 
ed and constructed 
for low cost in- 
stallation and main- 
tenance. Careful at- 
tention to structural 




Type “A" Washer 
details insures long 
service-ability 
with a minimum 
of attention. 
Several types and 
models to meet 
specific plant re- 
quirements. 

Wet Filter 
Washer 


Fans for Every Ventilating Need 
Buffalo Fans represent over 60 years of 
specialization in the design and construc- 
tion of fans for practically every venti- 
lating and air-handling application from 
small kitchen fans to rugged fans for boiler 
draft. Complete information on request. 

Buffalo Unit Heaters 
*‘Breezo-fin” Unit Heaters are suspended 
type fin-coil units available in complete 
range of sizes. Highboy” and “Lowboy” 
Units for floor, wall or ceiling installation 
are large capacity units having housed 
fans to distribute heated air. 
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Air System Equipment • Fans ana Biowma 


Champion Blower & Forge Co. 

Manufacturers and Engineers 

Plant and Offices; Lancaster, Pa. 

Address Correspondence to Div, 9 

Manufacturers of Blowers, Ventilating Fans and Exhaust 
Fans for Air and Material; and Blast Gates 

Representatives in Principal Cities 



Type S Forward curve vetUdating 
fanSa single and double width, as 
well as direct motor drtve. 



Super Ventilating fans, 
direct motor drtve up U> 
S6 in. diameter. Motor 
belt drive up to in. sise. 

U 



Type BC Backward curve venti- 
wiug and exhaust fans. Single and 
double width; belt driven and direct 
connected electric. 


Ventilating Fans — For air conditioning systems 
and mechaniwLl draft. Manufactured in the forward 
curved type for slow speed, and extremely quiet 
operation; also in the backward curved type with its 
fkt horsepower curve characteristics and higher speeds 
suitable in the smaller sizes for direct connecting to 
synchronous speed motors. Ventilating Blowers manu* 
factured in sizes up to 60 in. diameter wheel, in single 
and double width. Belt driven blowers equipped with 
either ball or high-grade babbit bearing. Direct motor 
drive can be equipped with any type or characteristic 
motor desired, in any arrangement. 


Disc Fans — Super Ventilating Fans made in direct 
connected type up to 36 in. diameter, totally enclosed, 
ball thrust type motors. Slow speed motor belt driven 
type manufactured in sizes up to 48 in. for attic exhaust 
work and wherever large volumes of air are to be 
moved^ against low static pressures. All disc fans are 
quiet in operation. Decibel ratings on all fans are 
available. 


Forced Draft Fans — All sizes for use on the smallest 
to largest boilers. Fans can be furnished with inlet or 
outlet adjustable louvers for controlling air volume. 


Blast Wheels — ^We are well equipped to manufacture 
single and double width blast wheels in forward or 
backward curve type for oil burner and stoker manu- 
facturers, as well as manufacturers of air conditioning 
units and other ventilating equipment. 


Vibration Dampener Sub-Bases— For blower and 
ventilating equipment. Made with heavy channel iron 
and rubber vibration eliminator pads to suit size and 
weight of fan or blower. 


Special Fan Equipment — We are in position to 
engineer and build fans, blowers, or exhausting equip- 
ment to meet customers* special needs. A card ad- 
dressed to Div. 9 will bring you complete catalog data 
or information on any particular problem confronting 
you. 
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DeBothezat Ventilating Equipment Division 

American Machine and Metals, Inc. 

(Main Office and Factory"^ 

902 DeBothezat St., East Moline, Illinois 


Branches 


District Offices 


Branches 


Atlanta 

Boston 

Cincinnati 

Cleveland 

Dallas 

Des Moines 

Detroit 

Fort Wayne 

Hartford 


Chicago New York San Francisco Indianapolis 

Los Angeles 
Milwaukee 
Minneapolis 
New Orleans 
Pittsburgh 
Providence 
Saginaw 
St. Louis 



NON-OVERLOADING POWER CHARACTERISTICS 
CERTIFIED RATINGS— GUARANTEED PERFORMANCE 



Ventilating Fan 
Axial Flow 


Axial Flow Ventilating Sets 
A complete series of volume and pressure axial-flow fans 
of high mechanical and static efficiencies with a non- 
overloading power characteristic. These fans offer savings 
in space, weight and power. Axial-Flow Ventilating Sets 
are available in a wide range of capacities in sizes 8 in. 
through 10 ft in diameter, and may be had arranged for 
direct motor drive or belt drive. 

Bifurcators 

Designed for handling corrosive or high tempera- 
ture vapors with direct motor driven fan. Motor is 
located in chamber open to atmosphere but isolated 
from gases handled by fan. Installed as integral part 
of duct system, in any position. 



Bifurcaior 



Multi-Stage Impeller Blowers 

Units can be furnished in 2, 4, 6 or 8 stages. 
Direct motor or belt driven, producing high capa- 
cities and static pressures, with non-overloading 
power characteristics. 

“Power-Flow” Roof Ventilators 

Designed to provide positive ventilation at all 
times regardless of temperature, humidity and 
wind velocity. Guaranteed performance ratings. 
Equipped with high-efficiency Axial-Flow Pressure 
Fan, these “Power-Flow” Roof Ventilators possess 
the greatest air moving capacity per horse power! 
Low fan tip speeds permit unusual quietness of 
operation. Work efficiently against resistance of 
duct systems. Have non-overloading power char- 
acteristic available in a wide range of sizes, 
speeds, and for all standard electric current. 
Hinged top gives easy access to motor, fan and 
shutter. 

The above is only a partial list of the ven- 
tilating units DeBothezat builds. Our engi- 
neers will be glad to give you expert assistance 
in your ventilating problems— offering you a 
solution in space, weight and power saving 
equipment. Catalog on all products sent on 
request. 
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ILG Electric Ventilating Co. 

2880 North Crawford Ave., Chicago, IlL 

Offices in 38 Principal Cities 

Propeller Fans, Axial-Flow Fans, Blowers, 
Unit Heaters, Unit Coolers 




ILG Self- Cooled Motor Propeller Fans 

Used for exhaust of stale air, fumes, heat, dust, odors, 
etc. Self-cooled motor combines protection of enclosed 
motor with lowr operating cost of open motor — con- 
stantly cooled by fresh, clean air, circulated internally — 
never “gums-up” from contact with foul air — saves 
5 to 10 per cent on power costs. Rugged, heavy-duty 
framework. Dynamically balanced fan wheel, direct- 
connected to motor. Smooth, quiet, effortless opera- 
tion — low cost, long lived. "One-Name- Plate” Guar- 
antee. Certified ratings. Sizes, 8 in. to 72 in. Get 
Catalog No. 142. 
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ILG Axial-Flow Fans 

Heavy-duty, extremely compact design, ’f'as 
developed by ILG for use aboard ship by the U.^S. 
Navy and Maritime Commission. Suitable for 
duct and trunk mounting for vertical and hori- 
zontal operation. All steel housing flanged at 
both ends. Removable streamlined inlet cone. 
Guide vanes straighten air flow, reduce turbu- 
lence. In ILG design, vital working parts are 
quickly, easily accessible for installation, lubri- 
cation, or servicing. Proven efficiency and 
dependability. "One- Name- Plate” Guarantee. 
10 in. to 46 in. sizes. Get 
new data sheets. 



-UN*’ TYPE FANS 
For vertical or hori- 
zontal mounting 
anyu-here except in 
ducts. Several 
models with various 
mounting arrange- 
ments. Get data 
sheet. 



«CQ” type fans 
For mounting 
outside of ducts. 
Wide range of 
sizes and models 
for various 
mounting ar- 
rangements. Get 
data sheet. 


KITCHEN VENTELATORS 
Built-in becomes perma- 
nent part of kitchen wall. 
Quiet, high capacity, effi- 
cient, equipped with ILG 
Self-Cooled Motor. 3 sizes, 
^so models for window 
installation. Get Catalog 
No. 142. 


NIGHT COOLING FANS 
For permanent in- 
stallation in attic, 
use ILG Self- Cooled 
Motor Propeller 
Fans (top of page). 
Portable models 
for use at down- 
stairs windows. 


FOR ILG UNIT HEATERS AND COOLERS, SEE PAGE 919 
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“BG” Type — Load-limiting type with 
backward curved blades. Motor load re- 
mains constant over wide range of air vol- 
ume and change in static pressure. Wheel 
mounted directly on motor shaft with 
motor partially recessed in side of blower. 
No motor base required. Unobstructed 
inlet. Also available for belt-drive. 11 
sizes. Get Catalog No. 241. 



“B” Type— Motor re- 
cessed in side of blower, 
eliminating separate 
base. Multiblade, for- 
ward-curved wheel 
direct-connected to 
motor shaft. Also avail- 
able for belt drive, 12 
sizes. GetCatalogNo.241. 



Type “B’* Volume 
Blowers — ^Small volume, 
low pressure, quiet run- 
ning, Multiblade wheel 
direct-connected to 
motor shaft. Cast-iron 
base. Universal dis- 
charge. 12 capacities. 
Get Catalog No. 142. 



“CG” Type — All steel, heavy gauge, hot 
dipped galvanized, welded housing — no 
angle iron braces. Flanged inlet and outlet 
connections. Non-overloading type wheel 
mounted directly on motor shaft, with 
motor partially recessed in housing to save 
space — no motor sub-base required. Un- 
obstructed inlet. 11 sizes. Get Data 
Sheets. 


“BW” Type— Housing 
similar to ILG Direct- 
Connected Blowers. 
Wheel with forward 
curved blades. Full uni- 
versal discharge, right or 
left hand drive. Wide 
range of sizes. Get 
Catalog No. 241. 



Type “P” Volume 
Blowers — For exhaust- 
ing dust, fumes, removal 
of steam, vapors. Four 
discharge positions to 
avoid friction in short 
bends. 7 capacities. Get 
Catalog No. 142. 




Type “6S” Utility Blowers — Particularly suitable for 
building into apparatus which requires ventilation or air 
movement. Extremely flexible in arrangement, furnished 
with or without inlet flange, outlet flange, stand, etc., 
providing a practically custom-built unit on basis of quantity 
manufacture. Wide pressure range. Low power input. Get 
specifications, including dimensions and performance graph. 
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LA-DEL CONTETOR & MAMTFACTDRING CO. 



BUT WAR BONDS 
TO SPEED TICTORY 


* NEW PHILADELPHIA, OHIO * 

PIONEERS IN THE DESIGN OF AXIAL-FLOW 
FANS FOR EFFICIENT AIR CIRCULATION 



A few of the developed sizes of 
La-Del-TroUer axial flow fans are 
illustrated on these pages. Many 
more models between the ranges 
shown are available. The heavy 
requirement of the Navy and other 
governmental agencies for axial 
flow fans at the present time has 
prevented oflering these fans to 
industry generally, and has even 
delayed the preparation of engi- 
neering and catalog data to the 
extent desirable for the needs of 
industry. Sufficient experience has 
been accumulated, however, in fan 
application during the i>ast years 
to indicate this type fan has an im- 
portant place in ventilation for 
structures of every type. 




Marine type explosion proof fan 10}4 diame- 

ter delivering 500 CFM at w. static pressure. 



DC motor equipped Marine type axial-flow 
■^an with straight inlet delivering S4,000 CFM 
at S in. static pressure. 



All aluminum Aviation type axial-floiv fan, 
weight o^y 70 lbs. complete with HP motor; 
delivery 4S00 CFM at $ in. static pressure. 
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Marine type axtaUjlow fan 15)4 diame- 

ter; delivery SOOO CFM at S in, static pressure. 



5-HP equipped adjustable Pitch Marine type 
axial-flow fan with straight inlet. 


Many Models Available 


A wide variety of models at present are 
available ranging from 3^ hp to 1000 hp; 
from 3^ in. to 45 in. static pressure; from 
6 in. to 11 ft in diameter; and from 400 cfm 
to as much as 600,000 cfm. Many models 
of La-Del Axial Flow Fans are available 
with either fixed-pitch blades, adjustable 


pitch, or controllable pitch, thus providing 
fan operating ranges never before realized. 
Control of operation and air delivery is 
accordingly more closely regulated by the 
La-Del Axial Flow design, with the numer- 
ous advantages resulting from this in many 
types of applications. 


Post-War Requirements 


Post-war requirements will probably bring 
demands for many additional sizes of these 
compact La-Del designs to meet the needs 
of industry, since present applications have 
firmly established the many desirable 
design features of this type of fan. 

La-Del Conveyor and Manufacturing 
Co. are prepared to supply La-Del equip- 
ment designed for specific needs. 



Marine type adjustable pitch axial-flow fan 
with flared intake. 


Installation conditions and the intended 
use deterimne the importance of the design 
of a ventilating fan. Low noise level or 
high efficiency or non-overloading power 
characteristics and other distinctive quali- 
ties can be emphasized one at a time in the 
fan construction. Design to meet the 
specified requirement in any application is 
an important phase of La- Del service. 



11 ft diameter axial-flow fan with exhaust 
stack and air shaft hood aeUvenng 600,000 
CFM at 6)4 *n. static pressure. 
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Air System Equipment 


Fans and Blowers 
Blower Wheels 


The Lau Blower Company 

2007 Home Avenue, Dayton, Ohio 

Manufacturers of Air Handling Equipment 
LAU Blowers % Fans % Wheels % Pillow Blocks 




BLOWERS for Various 

Applications in the 
War Effort 


— for ventilation in ships; 
ventilation applications in 
camps; ventilation of enclosed 
armor equipment; ventilation 
of portable, temporary, and 
permanent laboratories; for air- 
plane heaters and coolers; for 
portable and stationary refrig- 
eration units; forced draft 
boiler units; heating and drying 
units; special workrooms; in 
fact for any place where it is 
necessary or desirable to bring 
air to or take air away from 
any given point. 


Single Inlet Blowers 
(also Double) 



Catalogs^ performance data, specifications, 
and prices available on above and other air 
handling equipment. Inquiries solicited 
ybr any application, 0ur engineers will 
help you. Write us regarding your re- 
quirements. 


Variable and Constant Speed Pulleys (Below) 
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Fans and Blowers 
Blower Wheels 


MORRISON PRODUCTS, INC. 


East 168th St. 
& Waterloo Rd. 



Cleveland-10, 

Ohio 



for MANUFACTURERS OF 

WARM AIR HEATING AND AIR CONDITIONING 

Every manufacturer whose products employ blowers will welcome the AIRSTREAM 
Blower Wheel — an outstanding advancement in the art of fan design and manufacture. 
The AIRSTREAM Blower Wheel is a definite stride forward in aerodynamic design. 

• ONE-PIECE BLADE CONSTRUCTION 

All blades in every AIRSTREAM Blower Wheel are made from one strip of soft steel on 
progressive die equipment, eliminating any possibility of loose blades. 

• THREE-PIECE BALANCED ASSEMBLY 

Two pressed end rings with integral hubs and a one-piece blade assembly constitute the 
complete blower wheel. When spotwelded together, these three pieces form a strong, 
rigid, true running blower wheel. 

• EQUALIZED WEIGHT DISTRIBUTION 

End-mounted AIRSTREAM Blower Wheels distribute their weight closer to the 
bearings. Smaller shafts and bearings are therefore permissible. Shaft whip is 
eliminated and shaft deflection reduced. 

• 40-60 PER CENT LIGHTER IN WEIGHT 

AIRSTREAM’S unusual design reduces weight to a minimum. Integral pressed hubs 
eliminate heavy cast or screw machine parts. Lightness affects motor loads — makes 
for quieter operation and reduces starting torque. 

AIRSTREAM Blower Wheels are furnished in standard diameters of 10 in., 12 in., 
14 in., 16 in. and in a wide range of ^yidths. Special diameters and widths can be fur- 
nished if required in large quantities. " Engineering data upon request. 



Air System Equipment 


Fans and Ventilating 
Equipment 



e-Ae 

NEW YORKlI 
BLOWER 
COMPANY ji 


GENERAL OFFICES 

32nd STREET & SHIELDS AVENUE • CHICAGO 


FACTORIES «t LAPORIE. INO ond CHICAGO. ILL 


Experienced Air Engineers 

Representatives in Principal Cities 



• • • for all indus- 
trial processes, ventilation and heating. 
Specify them for every industrial, com- 
mercial and institutional requirement. 
Check these nine classifications which give 
thumb nail specifications: 


• AIR WASHERS 

A completely engineered line of PEERLESS 
Air Washers, Air Cleansing, Air-Conditioning 
and Cooling. Complete with Single- and 
Double-bank Atomizing Spray Systems. Marine 
Type Doors, Eliminators, Entering and Back- 
spray Louvres, Water Strainers, Pumps and 
Motors, and with or without Humidity Flood- 
ing Provisions. Sizes and Capacities ranging 
from 3.600 CFM to 76,000 CFM. 



• CENTRIFUGAL FANS AND BLOWERS 

Type ME Housed Centrifugal Wheels — Quiet 
Operating, Slow Speed Type and/or High 
Speed Wheels with Non-overloading Horse- 
power Characteristics. Range of Standard 
Wheel Sizes 15 in. to 80 in. Wheel Diameter. 
Sizes 15 inch to 80 inch Wheel Diameter. 

• JUNIOR CENTRIFUGAL BLOWERS 

Type ME Junior Fans, direct connected Motor 
Driven. Range of Sizes 6 inch to 12 inch Wheel 
Diameter. 

• DISC TYPE (or PROPELLER) PANEL FANS 

Comet EXHAUSTAIR Ventilating Fans, 
Automatic Shutters. Power Roof Ventilators, 
direct connected Motor Driven. Size 10 inch 
to 30 inch Wheel Diameter. Heavy Duty 
Type, Pulley Driven, GIANT Disc Type Fans. 
Regular Sizes 36 inch to 108 inch Wheel 
Diameter with Round Body Frames. 

• INDUSTRIAL UNIT HEATERS 

Disc or Propeller Fan, Ceiling Suspension 
Type. NYBCo COMET Unit Heaters with 
Molybdenum Alloy Corrosion-Proof and 
Freeze-Proof, Extra Heavy Welded, Longlife 
Ferrous Heating Element. Suitable for low or 
high-pressure (unlimited) Steam Pressures, 
Capacities 24,000 to 300,000 BTC’s per Hour. 
Excel AIR-FLOW Centrifugal Type Factory 
Unit Heaters. Blower-Type Unit Heaters with 
Encased Centrifugal Fans with NYBCo Molyb- 
denum Alloy Welded Steel Heating Element 
(either Blow-through or Draw-through Type). 
Floor Type, Side-wall or Ceiling Suspension. 
Capacities 169,000 to 1,000,000 BTC’s per 
Hour. 


• HOT BLAST HEATING SURFACE 

NYBCo “STEELFIN” Longlife High Pres- 
sure Molybdenum Alloy Steel, All Welded, 
Extra Heavy Duty, Homogeneous Fin-and- 
Oval-Tube Hot-Blast Heating Surface. Hot- 
dip Overall Metallic Coating, Including Head- 
ers. A Super-quality Product — proof against 
faults common to Surfaces constructed of Non- 
ferrous and Cast Iron Materials. An Engi- 
neered Product of Sizes and Capacities for 
Steam Pressures (or Hot Water Equivalents) 
from 2 lbs. to 150 lbs. duty. High Temperature 
or Low Temperature Fin Spacings, and a 
Range of Air Velocities from 400 to 1000 Ft. 
per Min. 

• VENTO, AEROFIN, and OTHER HEATING 

AND COOLING SURFACES 
The various types and makes of Heat Transfer 
or Heat Exchange Surface, as regularly sold 
through the outlets of manufacturers of Fan- 
system Apparatus. These typ^ of Surface are 
offered in various combinations and sizes, 
together with full and complete engineering 
recommendations. 

• MISCELLANEOUS 

Dust and Shavings Exhausters and Material 
Conveyor Blowers (Centrifugal Fans with 
Special Housings and Wheels) ; Engines, 
Motors, and V-Belt and Other Drives; Air 
Fffters — Automatic and Cartridge or Renew- 
able Types; Control Devices, including Pres- 
surestats. Thermostats, Humidistats; Turbine 
Ventilators; Gas-fired Unit Heaters; Special- 
ties; and Other Apparatus for use in conjunc- 
tion with Complete Blower Systems. Complete 
data and descriptive matter furnished on 
specific request. 



Certified Ratings 


Write for Catalogues 

Full Catalog Matter, Descriptive Bulletins, Per- 
formance Tables, Engineering Data and Technical 
x^sentation. Prices, and Complete Information with 
mustotions will be furnished upon request of 
District Representative or by Home Office. 
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PROPELLAIR Inc. SPRINGFIELD, OHIO 

VENTILATING SPECIALISTS IN ALL PRINCIPAL CITIES 



AXIAL-FLOW, 

AIRFOIL 

PROPELLERS 



Designed by Propellair to deliver maxi- 
mum air with minimum horsepower. Air 
flow is even over all of blade — the whole 
fan works, not just the tips! Non-over- 
loading — from free air to block-off, horse- 
power is virtually constant as long as 
motor speed is constant. Number of 
blades, angle and shape, depend on use. 


PROPELLAIR 
VERTI-VENT 
For Roof Ventilation 
A fool-proof, auto- 
matic ventilator in- 
stalled easily on roof. 
Butterfly dampers, 
within wind guard, 
offer virtually zero 
resistance. High 
velocity, vertical discharge throws heat 
and fumes far above the roof and prevents 
rain from entering when the fan is in 
operation. Dampers close gently and posi- 
tively when fan coasts to a stop, 12 to 
60 in. diameters, with capacities from 
2100 to 68,000 cfm. 



PROPELLAIR DRUM-TYPE 

Belt-Drive Fans for Heat, Acids, 

Alkalis, Fumes, Gases or Dust 

“CS” and “CSV” drum-type, belt-drive 
fans for severe, heavy-duty jobs involving 
elements listed for “CE” type. Sturdy, 
welded drum construction. Motor com- 
pletely isolated from fan, driving belt 
protected in steel tube. 20 to 48 in. duct 
sizes, capacities 2400 to 43,000 cfm. 

CURVED ENTRANCE RING 

An Important 
Propellair Feature 

In addition to serving as a 
sturdy support assembly, it 
reduces tip loss and enables 
Propellair Fans to deliver 
maximum air per horsepower. 

Introduced in 1930 as a result 
of exhaustive experiments and tests by 
Proi^llair engineers, this design makes 
possible the utilization of the “Arfoil” 
air-movement principle in the entrance 
ring as well as in the propeller. 




PROPELLAIR EXTENDED- 
SHAFT FANS 


For Handling 
Heat, Moisture, 
Fumes, Dust and Gases 


Type “CE” extended-shaft fans for 
severe conditions involving excessive heat, 
moisture, harmful fumes, explosive gases, 
etc. — ^where a motor should not operate 
within air stream. Drive shaft housed and 
sealed within steel tubing. Special formed- 
steel ring and support assembly. Fan 
sizes 12 to 60 in., capacities 2000 to 
68,000 cfm. 


PROPELLAIR 
DIRECT-CONNECTED 
FANS 

For Duct, Wall or 
Hood Installation 

Type “CD” direct- 
connected fans for wide 
range of jobs, from free 
air conditions such as 
window or panel mountings, to instal- 
lation in roof ventilators, hoods, or duct 
work involving medium to relatively high 
resistance. Successful wherever a motor 
can operate directly within air stream. 
Sizes 12 to 60 in., capacities 800 to 85,000 
cfm. 
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Air System Equipment 


Fans and Blowers 
Blower Wheels 


The Torrington Mfg. Co. 

50 Franklin Street, Torrington, Conn. 
Manufacturers of Blower Wheels and Propeller Type Fan Blades. 




Single Inlet Aluminum Blou'er Wheel 
Patent 1,700,017 



AMor Blower Wheel — Double Width — Double Inlet 
Spider End Plates 

Patents IS.iSSl,06S, £JS$l,oeS; £,£72,695 



Airator Blower Whed — Single Width — Single Inlet 
Patents 2, 231,062; 2,251,06$; Des. 126,043: 
2,272,695 


Torrington Aluminum Blower 
Wheels produce the smooth, quiet per- 
formance which is essential in modern 
heating and air conditioning units because 
the unique patented construction breaks 
up resonance and minimizes noise. Made 
of aluminum, they resist corrosion and 
their light weight facilitates quick starting 
— saves power. Every wheel is statically 
balanced. Sizes 3 in. to 15 in. diameter in 
all standard widths, which may also be 
made up as double width, double inlet 
wheels. 

Torrington Airotor Blower Wheels 
are light, sturdy and inexpensive — incor- 
porate new principles of design and con- 
struction, which insure rigidity and con- 
centricity. Single Width — Single Inlet 
wheel is of simple four-piece construction. 
No rivets or welds are used; concentric 
rib serving as backing for blade strip is 
formed at same time as hub socket, insuring 
trueness of wheel. Rigid radial ribs prevent 
deflection by thrust. Three thicknesses of 
metal in rims make for maximum strength. 
Excellent for many heating and ventilating 
uses. Manufactured in both aluminum and 
steel \tx\y% in., 2, 3, 3^, 43^, 5, 6, 73^, 9 and 
10 in. diameters. Clockwise or counter- 
clockwise rotation. Same sizes available 
in DA type double width, double inlet 
wheels. 

Torrington Airotor Blower Wheel — 
Double Width — Double Inlet — Spider 
End Plates. Has blades punched and 
formed in a single strip, rigidly -held by 
flanged single piece end rings. Hubs are 
rigidly mounted by peening. Wheels of 
3^ in., 103 ^, 12 and 16 in. diameter are 
available at present. 

Torrington Cup Type Wheels — Used 
for automobile heaters, gun type oil 
burners, windshield defrosters, small hair 
dryers, hand dryers, ice box and refriger- 
ator circulators, window ventilators, ex- 
hausters, etc. 


New Blower WTieel Catalog chvts capacities, gives detailed dimensions, suggests housing dimen- 
sions for all above wheels. Valuable ‘Tips” for designing air impelling units are also included. 
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Air System Elquipment 


Fans and Blowers 
Fan Blades 


AIRISTOCRAT Quiet Propel- 
ler Fan Blades are widely recognized 
for their all-around excellent performance. 
The unique, patented construction em- 
bodies entirely new principles in the art of 
fan design — produces a blade unsurpassed 
for quiet operation, rugged construction 
and attractive appearance. Every Air- 
istocrat unit is carefully built and the 
blades are hand gauged for correct contour 
and alignment. Statically balanced, these 
blades deliver full air volume with a 
minimum of noise. Aluminum alloy blades 
and steel spiders are standard except 
where otherwise noted. 

Available in the following finishes: 1. 
Plain — no finish on blades, spiders or hubs. 

2. Blades with no finish; spider and hub 
with cadmium plate or black lacquer. 

3. All black lacquered, with or without 
center button. 4. Buff and lacquered 
blades, black lacquered spider and hub, with 
or without center button. Catalog gives 
detailed dimensions and guaranteed per- 
formance curves recorded under NEMA 
and NAFM code tests at various speeds 
for each of the Airistocrat models 
described below. 

‘‘Standard” Series — Has blades 
mounted on a steel spider. Sturdy, attrac- 
tive steel or aluminum blades which have 
withstood extreme laboratory breakdown 
tests. Sizes 8 in., 10, 12, 14, 16, 18 and 
20 in. diameters in a variety of pitches to 
meet every need. 

Three Blade “Y” Series — The design 
of this blade is the result of two years 
of laboratory experiment to produce a 
better air circulator blade. At recom- 
mended speed these blades produce a high 
velocity air stream effecting deep penetra- 
tion with unusual quietness. Sizes 10 in., 
12, 14, 16, 18, 20, 24 and 30 in. diameters, 
steel or aluminum blades. 

Pressure “P” Series — Similar in con- 
struction to “Standard” Series but with 
blades especially designed for higher pres- 
sures. Sizes 10 in., 12, 14, 16 and 18 in. 
diameters. 

Pressure “U” Series — Two and four 
blade models of steel designed for pressure 
operation. Sizes 20 in., 22, 24, 26, 28 and 
30 in. diameters. 24 in. and 30 in. sizes 
suitable for attic fans. 



Airistocrat '^Standard'* Series 
Pats. S,07e,SS2 and SM1J07 



S-Blade Airistocrat “F” Series 



4.-Blade Airistocrat Pressure Fan “P" Series 



4'Blade Airtstocrat Pressure Fan “C/‘' Sertes 
(also made in two blade model) 
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Air System Equipment 


Fans and Blowers 
Fan Blades 



j^Blade Atri’^tocrat Attic Fan ‘ A*’ Senes 
(also made tn S and S blade models) 



Airistocrat 

S^Blade **One Piece** Series 



jirBlade *‘One Ptece** Ainstocrat Fan 



Autocrat Fan Blade 


AIRISTOCRAT “A” Series Attic Fan 
Blades are the result of extensive study 
and experiment to produce blades having 
extraordinary efficiency, to sell at lower 
than average prices. LOW COST is pos- 
sible because tools are interchangeable for 
production of either 2, 3 or 4 blade models 
in any standard diameters 24 in., 30, 36, 
42 and 48 in. Also available in a specially 
reinforced construction for heavy, at extra 
cost. The extremely high EFFICIENCY 
is attained by the application of correct 
principles of design. Blades, spiders and 
hubs are of steel. Available in the follow- 
ing finishes: 1. Plain. 2. Colored lac- 
quered blades, black lacquered spider and 
hub. 3, All one color lacquer. 


3-Blade “One-Piece” Series Pro- 
pellor Fan — An attractive, inexpensive 
one-piece blade incorporating the Airisto- 
crat features for quiet operation. Avail- 
able in both steel and aluminum. Sizes 8 
in. and 10 in. diameters. 


4-Blade “One-Piece” Series Pro- 
pellor Fan — ^An exceptionally rigid model 
blanked from one piece of metal with four 
wide blades. Quieter than narrow blade 
types. Made in both steel and aluminum. 
Clockwise rotation only (viewing air de- 
livery side). Sizes 8 in., 9, 10, 12 and 
16 in. diameters. Available in the follow- 
ing finishes: 1. Plain. 2. Lacquered. 
3. Nickel or cadmium plated (steel only). 


AUTOCRAT Fan Blades — For 

auto heaters, windshield defrosters, electric 
heaters, etc. Have been standard ever 
since these devices were first marketed. 
Made in sizes 3 in., 4, 4Hi 5, 5Ji, 5J^, 6, 
in., all four blades, also and 
7 in. 5-bIade, in one piece of cold rolled 
steel or aluminum with brass hubs, com- 
plete with set screw. in. bore is stan- 
dard. Either clockwise or counter clock- 
wise rotation (expressed when looking at 
air delivery side of fan). White nickel is 
standard finish for steel blades. 
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B. F. STURTEVANT COMPANY 


Air Conditioning, Heating, Ventilating, Dust Control and Fume Removal 
Equipment, Vacuum Cleaners, Dryers, Compressors, Motors, 
Turbines, Mechanical Draft Equipment 


Akron, Ohio 
Albant, N. Y. 
Atlanta, Ga. 
Baltiuobi!, Md. 
Boston, Mass. 
Botfalo, N. Y. 
Camden, N. J. 

Chicago, III. 
Cincinnati, Ohio 
Cleveland, Ohio 
PLANTS: Located 


Main Office and Works 

Hyde Park, Boston, Mass. 

Sales Engineering Offices 


CoLTJMBHS, Ohio 
Denver, Colo. 

Des Moines, Iowa 
Detroit, Mich, 
Greensboro, N. C. 
Hartford, Conn. 
at HYDE PARK, 


Indianapolis, Ind. 
Jacksonville, Fla 
Kansas Cett, Mo. 
LmTiB Rock, Ark. 
Los Angeles, Calif. 
Memphis, Tenn. 


Milwaukee, Wis. 
Minneapolis, Minn. 
Newark, N. J. 

New York, N. Y. 
North BhoRo, Vt. 
Pittsburgh, Pa. 


BOSTON. MASS.; LaSALLE. ILL,; 


Portland, Ore. 

St. Louis, Mo. 

Salt Lake City, Utah 
San Francisco, Calif. 
Seattle, Wash. 
Spokane, Wash. 
Springfield, Mass. 
Syracuse, N. Y. 
Toledo, Ohio 
Washington, D. C. 
CAMDEN, N. J.; 


BERKELEY. CALIF.; and GALT. ONT. 

B. F. STURTEVANT COMPANY OF CANADA, LTD., GALT, ONT.; Sales Offices in Toronto and 
Montreal, and representatives in principal Canadian Cities. 

COOLING & AIR CONDITIONING DIV. of B. F. Sturtevant Co. is Organized to Engineer and Install 
Complete Industrial Air Conditioning Systems, 

OFFICES: Atlanta, Ga.; Hyde Park, Boston, Mass.; Camden, N. J.; Cleveland, Ohio; Greensboro, N. C.; 
Los Angeles, Calif.; New York, N. Y. 


HOW STURTEVANT ENGINEERING SERVICE CAN HELP YOU 


As the world’s largest concern engaged 
in the manufacture of Air Handling Equip- 
ment, backed by more than 80 years’ 
experience, B. F. STURTEVANT COM- 
PANY is exceptionally qualified to help 
you attain the most efficient and eco- 
nomical solution of any air handling 
problem. Skilled Sturtevant engineering 
experts, located in many leading cities are 
prepared to render the following 5-point 
service: (1) Analyze your problem. (2) 
Recommend the solution. (3) Specify the 
equipment. (4) Supervise the installation. 
(5; Check the operation. 


Whether requirements call for a single 
unit of apparatus or a complete engineered 
system, Sturtevant engineers can recom- 
mend the solution best suited to fulfill your 
individual needs. Do not hesitate to call 
the Sturtevant representative nearest you 
for assistance. Needless to say, no 
obligation is incurred. 

As a preliminary aid, we list on the 
following two pages the major types of 
equipment manufactured by us, together 
with their general applications and the 
reference numbers of catalogs available. 


ILLUSTRATIONS OF SOME OF THE MAJOR LINES OF STURTEVANT EQUIPMENT 



Axtjlo Fan (£5) PropeUer Fan Design 

7 i£S) 



MuUivane Fan Design 
6 (SO) 




Speed Beater (40) 



Centrifugal Compressor 
Design 14 (i4i) 



Filterwasher Showing Planovane Fan Design 
Filter Spray Nozzles (6) S (S£) 



Centrifugal Compressor 
Design 9 (1£) 


STURTEVANT EQUIPMENT INDEX AND OTHER ILLUSTRATIONS ON NEXT PAGE 
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Air System Eguipment • and Blowers 


B. F. STURTEVANT COMPANY 

TABULAR VIEW OF STURTEVANT EQUIPMENT AND APPLICATIONS 

This table shows at a glance types of column refer to the Index of Products. If 

equipment manufactured by B. F. Sturte- no catalog number is given, write to B. F. 

vant Company and their general applica- STURTEVANT COMPANY, main office, 

tion, together with catalog numbers on or to the nearest branch office, stating 

specific equipment. The numbers shown specific requirements, and complete in- 

under “General Application,” in the left formation will be sent immediately. 

General Catalog No. 500 gives brief descriptions. Capacities, etc. of all Sturtevant Products 


GENERAL 

APPLICATIONS 


STURTEVANT EQUIPMENT INDEX 

TRADE NAME 

OR DESIGN NO. 

CAT. 

NO. 

' AIR CONDITIONING 


Air Blenders 

“Air Blenders" 



2 

Air Conditioning Apparatus 

Sturtevant 

425-2 

1, 2. 3. 4, 6. 7. 15. 25. 30. 

3 

Air Conditioning Systems, Industrial . . 

Sturtevant 


31,33. 39. 43,45.47.51.57 

4 

Air Conditioning, Railway 

“Railvane" 

401-1 


5 

Air Heaters 

Sturtevant 

450 


6 

Air Washers 

“Filterwasher" 

453 

DUST AND FUME 

7 

Blowers, Ventilating 

“Rexvane Vent Sets" 

400-9 

REMOVAL 

8 

Blowers, Small Portable ... 

“Big Midget" 

FI 266 


9 

Blowers, Preuure 

“St^ Pressure" 

297-1 

7.8. 9.10.11.12.13.14.17, 

10 

Collecting and Conveying Systems 

Sturtevant 

29I-2A 

18.25,27.31,32.45, 52.53. 


Compressors, Centrifugal 



54. 55, 56 

11 

— vols. 35-75 ci.m., 12-20 oz. press. 

Design 7 

408-2 


12 

— vols. to 5,500 c f.m. y2“3 lbs. press. 

Design 9 

386-1 


13 

— vols. 35-650 c.f.m., press, to 5 lbs. . . 

Design 1 

431 

HEATING I 

14 

— vols. to 60.000 ci.m. press, to 5 lbs. 

Design 14 

458 


15 

Cooling Coils (Extended Surface) Water and 



7. 25,30,31.33.40.41.42, 


Direct Expansion . 

Sturtevant 


43. 49. 50, 57 

16 

Drying Systems 

Sturtevant 

461 


17 

Dust Collectors. Industrial 

Sturtevant 



18 

' Dust Collecting Systems, Fly Ash ... 

S.AI.D. 

463 


19 

Economizers, Cast Iron 

Sturtevant 

405 

INDUSTRIAL DRYING 

20 

Engines. Vertical Steam 

Sturtevant 



21 

Eln^e Generator Sets 

Sturtevant 


9. 16, 17. 25. 28, 30. 31,32. 

22 

Exhausters (Material Handhng) 

“Planovane,” Des. 3 

410-3 

42. 43. 45 

23 

Exhausters. Slasher (Textile) 

Sturtevant 

432-1 


24 

Fans — Attic Ventilating 

“Atticvane" 

400-9 


25 

— Azud Flow, Pressure Type 

“Axiflo" 

444-1 


|26 

— Elngine Cooling 

Engine Cooler 

418-5 

CONTINUED ON NEXT PAGE 



Atr Heater {5) Steel Pressure Blower {9) Engine Generator Set Engine Cooler for Gas ^ 

iSl) Diesel Engines, etc, (SB) 
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Air System Equipment • and Blowers 


B. F. STURTEVANT COMPANY 


B. F. STURTEVANT EQUIPMENT— Continued 


GENERAL 

APPLICATIONS 

1 STURTEVANT EQUIPMENT INDEX 

TRADE NAME 

OR DESIGN NO. 

CAT. 

NO. 


27 

— Fume and Dust Removal, Materials 





Handling 

“Planovanc," Des. 3 

410-3 

MECHANICAL DRAFT 

28 

— High Temperature 




29 

— Propeller, Motor Driven 

Design 7 

400-9 

5, 9. 12. 13. 14. 19. 25. 32, 

30 

— ^Low Speed, General Purrose 

“Multivane,' ’ Des. 6 

271-4 

34, 35. 36, 37. 38, 45. 48. 57 

31 

—Medium Speed, General Purpose . - 

“Rexvane," Des. 3 

414-4 


32 

— ^High Speed, Industnal . . . 

"Silentvane," Des. 7 

449 


33 

— High Speed, HeatiiM and Ventilating . 

"Silentvane,” Des. 8 

457 


34 

— ^Mechanical Draft, Duplex type (Combined 



PNEUMATIC CONVEYING 


Forced and Induced) 

Duplex 

436 


35 

— Mechanical Draft. Low Speed, Induced 



9. 10. 11. 12. 13. 14. 22. 27. 


Draft, Abrasion-resistant 

S.P.I.D.. Des. 2 

447 

44. 45 

36 

— Mechanical Draft, Medium Speed, Large 





Volume, Forced and Induced 

M.V.M.D . Des. 6 

409 


37 

— Mechamcal Draft, High Speed. Forced Draft 

T.VF.D.Des.9 

448 


38 

— Mechamcal Draft, fEghSpeed, InducedDraft 

T.V.I.D..Des.2 

445 

PRIME MOVERS 

39 

— Theatre Ventilating 

Theatre Fans 

424-1 


40 

Heaters, Umt, Directional Flow Type for Wall 



20. 45. 48 


and ceiling mounting 

“Speed Heater" 

396-9 


41 

Heaters, Unit, Downblast Type, for ceiling 





mounting 

“Downblast" 

454 


42 

Heaters, Unit, Large Capacity, for floor, wall. 





ceding mounting . . . 

“Multivane" 

452 


43 

Heatmg Coils (Extended surface) 

Sturtevant 

462 

VACUUM CLEANING 

44 

Melt-Recovery Umts (Welding) 

Sturtevant 

438-1 


45 

Motors, Electric 

Sturtevant 

433-1 

12.13.18.45,52.53. 54. 55. 

46 

Roof Ventilators 

“Roofvane" 

422 

56 

47 

Surface Dehumidifiers 




48 

Turbmes, Steam, Helical Flow Type . . 

Sturtevant 

426 


49 

Umt Ventilators, Schoolroom Type. . . . 

Sturtevant 

377-1 


50 

Umt Ventilators, Auditorium Type 

Sturtevant 

S377-1 


51 

Ventilating Sets. Direct Connects Motor . 

“Rexvane" Vent Sets 

406 

VENTILATING 

52 

Vacuum Cleaners, Portable 

“Vortex" 

413-2 


53 

Vacuum Cleaners, Portable Furnace type 

“Vortex" 

373-6 

7. 24. 25. 26. 29, 30. 31, 33, 

54 

Vacuum CleaningSystems, Commercial Buildings 

Sturtevant 

397-2 

45, 46. 49. 50. 51 

55 

Vacuum Cleaning Systems, Industnal 

Sturtevant 

368-3 


56 

Vacuum Cleaner Attachments . ... 

Sturtevant 

387-1 


57 

Vane Control (Fan) ... . . 

Sturtevant 

446 



Downblast Heater {Al) MvUtvane Heater (,4^) Extended Surface Sturtevant Electric 

Heating Coil {,43) Motor {45) 



997 








Air System Equipment 


Fans and Blowers 
Heaters, Coolers 


Utility Fan Corporation 

4851 S. Alameda St., Los Angeles 11, Calif. 

Utility Gas-Fired Heating Equipment, Evaporative Coolers, Blowers and Fans 


FORGED AIR FURNACES 

Basement and 
closet types , . . 
Compact design . . . 
Multiple-fin ele- 
ment with air-cool- 
ed hollow baffle . . . 
Element guaran- 
teed against burn- 
out forever . . . 
Automatic controls 
...Filters. ..Built- 
in motor overload 
protection. 

UNIT HEATERS 

Compact heat ex- 
changer with no in- 
side baffles — Indi- 
vidual burners for 
each element section 
— Silent, disc-type 
fan — All-welded 
cabinet — Direction- 
al grilles — Built-in 
draft diverter — 
Temperature limit 
control. Four 
sizes. 

FLOOR FURNACES 

All-welded con- 
struction . . . Die- 
stamped grilles . . . 
heavy cast-iron 
burner ... re- 
movable inside 
jacket . . . inter- 
locking gas valve. 
Floor or dual regis- 
ters. 25,000, 37,- 
000 and 60,000 Btu 
input. 

CIRCULATING HEATERS 

Fan sends stream of 
air through nozzle- 
shaped outlet to 
hold warm air in 
living zone. Built 
of heavy furniture 
steel ... all die- 
formed and electric 
welded. Vented 
and unvented 
models. 


EVAPORATIVE COOLERS 

Comfort cooling — 
residential, com- 
mercial, industrial. 
Exclusive feature — 
Uni-flowmeter 
(Pat. Pend.) for 
uniform water dis- 
tribution. Patented 
No-Sag cooling 
pads. 14 Models. 


STANDARD BLOWERS 

Dynamically bal- 
anced, multiple- 
vane centrifugal 
blowers. Four-side 
angle iron frame in- 
creases rigidity, eli- 
minates vibration 
—permits installa- 
tion with any of four 
discharge positions. 


EXHAUSTERS 

High flow and high 
pressure designs in 
four drive arrange- 
ments, for exhaust- 
ing many materials. 
High efficiency . . . 
decreased sound. 
Available with acid- 
proof plastic sur- 
facing. 


CLOVERLEAF TYPE FANS 

Propeller Fans are 
available with Clover- 
leaf (over-lapping) or 
Streamline type blades, 
with direct or belt drive 
for mounting into 
windows, openings, or 
on steel or wood panels. 

A.S.H.V.E. Code. 


Utility Blowers are tested in accordance with the 

Write for complete information, catalogs and prices 
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Air Systan Elquipment • Motors 


Wagner Electric Corporation 

6403 Plymouth Avenue, Saint Louis, Mo., U. S. A. 


No matter what type of air-conditioning equipment is involved . . . whether large or 
small . . . regardless of the torque, speed or current requirements . . . you can choose a 
motor from the Wagner line that is correctly engineered for the job. Each motor 
illustrated below has special electrical and mechanical characteristics that make it the 
ideal motor for certain applications. 


Type RA, Repulsion-Start-Induction Motors 
are single-phase brush-lift- 
ing motors having high 
starting-toraue and low 
starting-current. The ideal 
motor for heavy-duty ap- 
plications such as stokers, 
compressors, pumps, etc. 
Obtainable in various 
PA speeds, frequendea, and 

vdta^; riBd or r^Bent 
— f/5 to 16~hp. mounted; 1/8 to 15-hp. 



Type RP, Polyphase 
Squirrel-Cage Motors 
are made in 5 electrical 
types varied as to torque 
and current character- 
istics to take care of a 
wide variety of applica- 
tions. 2- and 3-phase; 
1/6 to 400-hp. 



Type RP Polyphase 
SQuirrd-Cage Motor — 
1/6 to JflO-hp. 


Type RK, Capacitor- 
Start - Induction - Run 
Motors are single-phase 
motors suitable for driving 
refrigerators, household 
air-conditioners, and other 
appliances. Drip-proof or 
totally-endosed endplates; 
Type RK Capacitor- resiUent mounted; 

Start Induction-Run 1/8 to 3/4-hp. 

Motor 1/8 to S/4-hp. 


Type RT, Special Compressor Motors were 
developed to meet the 
demand for a poly- 
phase motor with high 
starting-torque and 
very low starting-cur- 
rent. The RT motor 
IS ideal for large com- 
pressors. The very low 
starting-current permits 
across-th^line starting. Type RT Special Com- 
S-phase; 40 to pressor Motor — 40 to 
100-hp. 100-hp, 





Type TB Split-Phase 
Unit-Heater Motor 
{Single-Phase) 1/S^to 
1/4-hPs 


Type TB, Split-Phase 
Unit - Heater Motors 
(Single-Phase) are to- 
tally-enclosed to prevent 
entrance of dust or mois- 
ture; ball-thrust bearings 
on front end to take care 
of end-thrusts imposed by 
fans; rubber mounted for 
ultra-quiet operation. 
1/20 to 1/4-hp. 


Type RS, Wound-Rotor (Slip-Ring) Polyphase 
Motors have adjust^ 
able varying speeds 
and combine the 
ability to start ex- 
tremdy heavy loads 
with good run- 
ning characteristics. 

Smooth starting and 
adjustable varying 
speeds are effected Type RS Wound Rotor 
by the use of external {Slip-Ring) Polyphase 
resistors. 1 to 250-hp. Motor— 1 to S60-hp, 



Type M, Shaded-Pole Fan Motors are single- 
phase induction motors of 
simple construction. Ideal 
for fan and blower driv«> 
in which the fans are 
mounted directly on the 
motor shaft. Totally-en- 
closed and open-type; rigid 
or resilient mounted; 1/125, 
1/80, 1/40 and 1/30-hp. 


Type RD, Direct-Current Motors may be used 
for direct-current service 
wherever repulsion-start- 
induction, split-phase, 
capacitor, or squirrel- 
cage motors would be 
used for alternating cur- 
rent service. Built in two 
types: Appliance Tsrpe 
up to Ij^-hp; Industrial Type RD Direct-Current 
Type, 1/20 to 3-hp. Motor — 1/£0 to S-hp. 



Type M Shaded- 
Pole Pan Motor 

1/m, 1/80, 1/40 

and 1/SO-hp, 



M 43-1 

A POSTCARD WILL BRING YOU MOTOR BULLETINS MU-182 AND MU-183 
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Air System Equipment • Motors 


GENERAL 9 I^I^ECTRIC 

Schenectady, N. Y. 

Sales Offices, Warehouses, Service Shops, and Distributors in Pnncipal Cities 

MOTORS FOR HEATING, VENTILATING, AND AIR CONDITIONING 

General Electric offers a complete line of motors for compressors, fans, and pumps 
from vthich you can select easily the motors with electrical and mechanical character- 
istics best adapted to your equipment. Many of the most common applications are 
listed below. Complete information on other types of motors — vertical, enclosed, etc., 
with various electrical and mechanical modifications — can be obtained at a G-E office 
near you. 

For additional infor?nation, ask for Motor Catalog GEA-623. 



Tri~Clad^ tnductton motor, Fracitonal-horse-power capacitor 

Type K, polyphase motor. Type KC 

SOME G-E MOTORS AND THEIR USES 


Application | 

Speed 

Type Wmdmg 

Type 

Horsepower Range 

Classification 

Fan* and Centrifugal 

Pumps 

Constant or 

Shunt 

B&CD 

i/a.200 

Direct- 


Adjustable 

Compound 

B&CD 

1/8-200 ’ 

current 

and Gimpressws 

Constant 

1 I-ligh Torque 

Capacitor 

KC&KCJ 

J/4-3 




Resistance Split-phase 

KH 



Small Direct Connected 


Shaded-pole 

KSP 


Single-phase 


Constant or 
3-speed 

Low-torque 

Capacitor 

KCP 

1/50-1 

Alternating - 
current 



General-purpose 

KC 

1/4-3 


Fans, Centrifugal 

Constant 

Capacitor 

KC 

1/8-3 




Repulsioivinduction 

SCR 

5-10 


ting Pumps 


Squirrel-cage 

KorKB 

1/4-1000 


and Compressors 

Ul 

Multupeed 

I^lgh-starting-torque 

K&KG 

1/4-5 

5-100 

Polypha^ 

Ptimps, Compressors. 

Fans 

Constant or 
Adjitttable- 
varying-speed 

Wound-rotor 

M&MB 

>/2-lOOO 

Alternating - 
current 


Constant 

Synchronous 

TS 

25-2000 



Types of Enclosures: Open — protected from falling objects or dripping liquids. 
Splash proof — where wetness is a factor. Totally enclosed — for complete protection. 
Explosion-proof — where explosive fumes or dusts are encountered. 


For code wire, conduit products, wiring material, insulating materials, etc., 
address APPLIANCE & MERCHANDISE DEPARTMENT. BRIDGEPORT, CONN. 

♦Reg. U. S. Pat. Off. 
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Ait System Equipment • controls 


GENERAL ^ ELECTRIC 

Schenectady, N. Y. 

Sales Offices, Warehouses, Service Shops, and Distributors m Principal Cities 


CONTROL FOR HEATING, VENTILATING, AND 
AIR-CONDITIONING MOTORS 


* i a 


The General Electric line of 
standard control offers manual 
or automatic equipment for com- 
pressors, fans, or pumps driven 
by any type motor which you 
require, providing full protection 
for your motor, especially those 
listed on the preceding page. 

For special applications, 
General Electric controllers can 
be designed to meet your exact 
requirements. 

For additional information, ask 
for Control Catalog GEA- 606 . 



CR7008 comlnnaUon a~c magnetic 
full-voltage starter. Provides short- 
circuit proteciiofit as well as over- 
load and undervoltage protection 






CR7107 a-c magnetic controller for use 
with muUt-speed squirrd-cage motors, 
driving pumps, fans, or blowers 




CR 294 O indicating-light push- 
button station Used with mag- 
CR106B manual full-voltage netic controllers to indicate speed 
starter for small polyphase motors. of fan or blower 

Available in B-or S-pole forms, with 
temperature overload Protection 



CR1061 manual starter for fractiondP- 
horsepower motors, a-c or d-c. Avail- 
able in 1- or B-pde forms, with 
temperature overload protection 


CR7006-D51FS quiet magnetic 


switch. For fuU-voltage starting 
of squtrrel-cage motors up to 6 hp, 
£20 volts. For applications where 
quiet operation ts required, such 
as on fans or domestic air- 
condiitoning systems 


CR7896 throwover Panels. To 
transfer motor or lighting load to 
emergency source of power if 
normal source fails. Retransfers 
load when power returns to 
normal source 


I 

. ’ » 


CR7764 a-c speed-regulating controller 
for wound-rotor induction motors. For 
controlling the speed of motors driving 
ventilating fans and blowers. Provides 
undervoltage and overload prcAection 


A complete line of accessories, including pressure governors, pressure switches, float 
switches, electrically operated valves, and indicating selsyns, is available. 


This Company will gladly assist in the solution of any 
electrical problem in relation to heating and ventilation. 
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Air System Equipment 


Resist STB 
Grilles 


Anemostat Corporation of America 

10 East 39th Street, New York City, N. Y. 

The Anemostat High Velocity Air Diffuser 



Anemostat Type *‘AC” 

For supplying^ extracting or returning air. 



Anemostat Type**B'* 

For diffusion of supply air. 



Anenutstat Type **C” 

F or diffusion of supply air only. 


THE ANEMOSTAT PRINCIPLE 

ANEMOSTATS produce unparalleled results be- 
cause they are the only air diffusers which operate 
on the following interdependent principles; 

1. Air expansion within the device, which reduces velocity 
instantly. 

2. True Aspiration, which causes room air equal to 30 to 36 
per cent of the supply air to be drawn into the device where 
it is mixed with the supply air. The percentage of aspira- 
tion depends on the type of Anemostat used. 

3. Creation of a multipliaty of air currents and counter- 
currents at low velooties, which causes slow but adequate 
secondary air motion. 

Type “AG” Anemostat is a combination 
device for supplying air and either extracting it or 
returning it to the conditioner. Designed to 
extract or return 75 cfm of room air for every 
100 cfm of supply air. This percentage of extract 
or return may be increased or decreased by varying 
the extract velocities. It furthermore has an 
aspiration effect of 30 per cent. May be used with 
velocities up to 2500 fpm, and wherever both 
supply and return, or extract are required through 
the same unit. Should not be used with ceiling 
heights exceeding 14 ft. 

Type “AR” Anemostat is a diffusion device, 
for supply air only for use in applications where a 
relatively high rate of air change (more than 12 per 
hov^) must be maintained. It has 35 per cent 
aspiration. It is particularly suitable where 
obstructions such as beams or columns are close to 
the diffusion unit and restrict the normal radius 
of diffusion. 

Type “B” Anemostat is a diffusion device for 
supply air only. It has 35 per cent aspiration. 
May be used with velocities up to 4000 fpm and is 
suitable for industrial and commercial installations. 
Can be used on either exposed or concealed duct 
work. 

Type “C” Anemostat is a diffusion device for 
supply air only. It has 35 per cent aspiration. 
May be used with velocities up to 2500 fpm. Must 
be installed flush with ceiling and cannot be used 
on exposed duct work. 

Type “HU-3” and “HU-4” Anemostats 
have be^ developed to obtain draftless, economical 
heat distribution from vertical dis^arge unit 
heaters, and uniform heat coverage of floor areas. 
Type “HU-3” and “HU-4” Anemostats may be 
combined with practically all sizes and types of 
VerticEd Discharge Heaters on the market. A 
number of unit heater manufacturers now supply 
“HU” Anemostats as a part of their equipment. 
“HU” Anemostats may be used on duct work for 
general heating installations. 


“No Air Conditioning System is better than its Air Distribution” 
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Air System Equipment 


Registers 

Grilles 


Barber-Colman Company 

Rockford, Illinois 

ENGINEERED AIR DISTRIBUTION OUTLETS 


VENTURI-FLO 
Overhead Air Diffusers 

Ventun-Flo overhead air diffusers have flow charac- 
teristics similar to those of the well known fluid-flow 
m^suring device — the Venturi Meter. The relation- 
ship between the neck area of the unit proper and the 
Venturi-Flo throat area is so proportioned as to create 
a slight back pressure in the neck at all times, thereby 
automatically insuring uniform distribution around the 
entire periphery of the unit. 

Three types of overhead diffusers are available, the 
recessed, the surface, and the thermostatically con- 
trolled types. A wide range of sizes permits handling 
air volumes up to 15,000 cfm per unit. Fittings for 
attaching any standard light fixtures to the outlets may 
be obtained for all designs. The surface and recessed 
types can also be furnished as combination supply and 
exhaust units and with adjustable dampers. 

Uni-Flo Grilles and Registers are especially 
designed for air conditioning applications. They are 
engineered and prefabricated with directional flow fins 
for each individual application. Proper air distribution 
is assured and the necessity for adjustment after instal- 
lation obviated. 

Uni-Flo Grilles and Registers can be furnished in a 
variety of shapes and sizes for plain and curved surfaces. 

Registers are similar in construction to grilles but 
with the addition of spring loaded positive closing fan 
or key-operated dampers. 

Electroplated Finishes: Gunmetal, brushed bronze, 



VerUurt-Flo-Recessed Type 



Venturi-Flo-Swrface Type 



Veniuri-Flo-TkermosUiticaUy 
Controlled Type 



plain zinc, and satin copper; also available in gray prime 
coat and satin aluminum. 

Uni-Flo Air Distribution Accessories: Include 
the Volocitrol and the Eltum. The Eltum is a scienti- 
fically designed and highly efficient air turning member. 
The aero-dynamically correct vanes reduce losses 
caused by eddies, reverse air flow and low pressure areas 
at the turn to a minimum. Eltums are prefabricate 
and are available in units of one piece construction in 
sizes up to and including 48 in. x 48 in. 

The Volocitrol has been designed to noisdessly pro- 
vide positive and adjustable control of air volume, 
pressure and distribution across a supply outlet. They 
are available in two models, one for use with side wall 
and the other for overhead systems of air distribution. 


Uni^Flo OrUle Model “ Af 



Uwr-Flo Register Construction 






Air System Equipment 


Registers and Grilles 
Air Diffusers 


114 East 32nd Street, 
New York, N. Y. 


W. B. CONNOR ENGINEERING CORP. 


Offices 

in All Principal Cities 


Canadian Representative: D & D Air Conditioning Co., Montreal, Canada 

Manufacturers of KNO-DRAFT Adjustable Ceiling Air Diffusers 

KNO-DRAFT Type W-A-R Adjustable Air Diffusers insure efficient air distribution, 
adequate aspiration, noiseless and draftless diffusion, and uniform tempera^re th^ugh- 
out the occupied zone, regardless of season or ventilation requirements. Every KNO- 
DRAFT unit is easily and quickly adjustable for system b al a n cing or se^onal regulation* 
During the heating season warm air can be forc^ downward to obtain proper mixture 
of room and supply air — a highly advantageous feature. 






(JPatents Pendm^i 

Model F KNO-DRAFT Diffuser— For 
Supply Air — attractive — flight, yet sturdy — ^forhigh 
or low ceilings or attachment to exposed duct work. 
Anti-smudge rim prevents streak^ ceilings. Sizes 
234 in. to 42 in. in neck diameter for capacities from 
10 cfm to 20,000 cfm per umt. 


{Patents Pending 

Model SR KNO-DRAFT Diffuser— For 
Combination Supply and Return air to simplify 
duct work. Sizes 6 in. to 42 in. supply air neck 
diameter for supply capacities from 10 cfm to 
9,000 cfm per unit, with central return air throat 
for 75 per cent of supply capacity. 


The KNO-DRAFT Diffuser will effectively distribute large volumes of air— pre-mixing 
room and supply air. It permits the use of higher duct velocities — resulting in smaller 
ducts and lower costs. Duct designs are simplified and fewer outlets are required. 
KNO-DRAFT Diffusers blend well with any architectural treatment — classical or 
modern. They are simple in construction, light in weight, and easily installed. 

The KNO-DRAFT Type W-A-R Diffuser has been so re-designed as to obtain 
all of its superior features without wasting critical war materials. Now constructed 
of steel instead of aluminum, even this less critical material has been conserved, but 
without sacrificing durability, appearance, or efficiency. 

THE TYPE DEE AIR VOLUME CONTROL is designed for application exclusively 
to KNO-DRAFT ADJUSTABLE CEILING AIR DIFFUSERS. It is furnished 
already assembled within the diffuser and requires neither field assembly nor attachment 
to ducts, angle rings or other external appurtenances. 

Type DEE Air Volume Type DEE Air Volume 


Control is adjusted and tested 
before shipment and ready to 
function when the diffuser 
is installed. 

Its operation is 
entirely independent f ^ 

of the air direction ^ 

adjustment which is 
part of all standard 
KNO-DRAFT Air Diffusers. 


Type DEE Air Volume 
Control complements the 
function of the air diffuser. 

It varies only the quantity^ 
not the character- 
istic of the air dis- 
N J j tribution. With it, 
a series of diffusers 
may be balanced 
without affecting 
the air diffusion efficiency. 


With KNO-DRAFT ADJUSTABLE CEILING AIR DIFFUSERS 
equipped with TYPE DEE AIR VOLUME CONTROL, 
the desired air pattern of any room or zone is AT YOUR FINGER TIP. 





Air System Equipment • orfwe^'’® 


Davies Air Filter Corporation 

36 East 12th St., New York, N. Y. 

Air Conditioning and Warm Air Registers and Grilles 


FLEXFIN 

REGISTER 

The multi-blade Flexfin was developed 
with a view to meeting the demands 
for a moderately priced Register that 
w’ould supply universal air distribu- 
tion. The combination of vertical 
front fins that can be adjusted side- 
ways and horizontal rear blades that 
can be moved up or down permit the 
air to be delivered not only in several 



directions, but also allows the volume 

ofjfair to be easily controlled. Innumerable variations of both air deflection and 
delivery are possible. The front fins of the Flexfin are formed from a single piece of 
steel by an automatic machine. Each individual fin can be turned in any direction by 
means of a special wrench. 



The rear valve is used prtnct- 
pally to control the volume 
of air 


Standard Sizes 

The Flexfin is available in 24 
standard sizes. These sizes have 
been designed to take care of 
conditions most frequently 
encountered in this type of 
register application. 



The rear louvers not only 
direct air up and down but 
also contrd volume of air 



Streamline Design 

The streamlined, overlapping design of the 
back blades is new yet simple. They do not 
produce air noise even at high velocities, 
because of the way in which the blades close 
tightly. This added advantage is of particular 
importance in marine work where velocities of 
1,000 to 1,500 fpm are usual. 
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MARINE 

SUPPLY REGISTER 

Double Directional Control 

This register is particularly well adapted 
to Marine applications. Built to with- 
stand rough treatment, it has a 
special blade construction that prevents 
sticking due to corrosion but neverthe- 
less insures easy rattle-free operation at 
all times. The vertical blades are in- 
dividually moveable (can be supplied 
ganged together) which permits setting 
of air delivery to suit the particular con- 
ditions of the job. Available in 24 
standard sizes. Special sizes are sup- 
plied on request. 


See Page 945 for Davies Air Filters 





Air System Equipment • orfliJs" 


Hart & Cooley Manufacturing Co. 

Established 1901 

Air Conditioning Registers and Grilles - Warm Air Registers 
Damper Regulators - Furnace Regulators - Pulleys - Chain 

Holland, Mich. 

NO. 75 DESIGN— FLEXIBLE FIN TYPE with TURNING BLADE VALVE to 
provide DOUBLE DEFLECTION. Also without Valve as Grille or Intake 



CONTROL OF AIR FLOW IN TWO PLANES 





Instant Adjustment of Air Flow 
(Up, Straight or Down) 

Is obtained by turning the regulator on the register face 
to the proper setting with a key furnished with each register. 
When the valve is opened, as shown at the left, the individual 
valve louvres automatically stop in position to provide the 
proper air flow — Up (Fig. 1) for cooling systems to avoid 
drafts; Straight (Fig. 2) for ventilating systems; Down 
(Fig. 3) for heating systems to prevent stratification. When 
the valve is closed, as shown at the left below, it completely 
stops the flow of air. 

Air Flow Can be Quickly Adjusted Sideways 
No. 75 D^ign has a flexible fin-type face. Each fin may 
be twisted individually with a wrench furnished with each 
register or grille to provide any desired sideway deflection 
of the air flow. 


Greatly Reduced Turbulence and Resistance 
Figs. 1, 2, and 3 show the air flow with No. 75 Design; 
Fig. 4, with the conventional register. Compare the turbu- 
lence in the stackhead of the latter with the smooth flow 
obtained with No. 75 Design. So efficient is No. 75 Design 
that there is actually less resistance with this register, using 
a standard stackhead, than if no register at all were us^. 
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Velocities with No. 75 Design Velocities with Conventional Register 

EVEN DISTRIBUTION OF AIR OVER ENTIRE FACE 

The turning blade valve distributes the air evenly with a uniform velocity over the 
entire face, as shown in Figs. 1, 2, and 3 on the preceding page. Note how the air rushes 
through the upper part of the face with a conventional register, as shown in Fig. 4. 
Since the entire face of No. 75 Design register is utilized for discharge of air, smaller and 
in some cases fewer registers can be used without causing excessive velocities. 

Prevention of Streaked Ceilings— With either UP, STRAIGHT, OR DOWN 
deflections the air does not strike the ceiling immediately in front of the register; streaked 
ceilings are thus avoided. 

Excellent Concealment of Duct — ^The depth and close spacing of the vertical bars, 
combined with the valve, provide almost complete concealment of the duct, adding 
considerably to the pleasing appearance of the register face. 

Special Settings— No. 75 IDesign functions equally well when located at the end of a 
horizontal duct or, by installing it upside down, when the air is delivered to it from above. 


AVAILABLE IN FOUR TYPES 



With Turning Blade Valve — No. 751 Register (Left) has Sponge Rubber Gasket and 
§4 in. turndown. No. 754 Register (Right) is similar except has in. projection. 



Without Valve — No. 750 Grille (Left) has Sponge Rubber Gasket and in. turn- 
down. No. 757 Intake (Right) has in. projection. 



FOUR TYPES OF INSTALLATION FRAMES 
AVAILABLE 

No. 75 Design items can be used with or without 
installation frames. No. 3 Sidewall Stud Frame (illus- 
trated), fastens directly to stud, forming a solid, 
streak-proof foundation for register. No. 8 Frame is 
similar for baseboard use. No. 5 Baseboard Stack 
Frame provides inexpensive, streak-proof installation. 
No. 2 Band Iron Frame provides for connecting 
register to stackhead. 


CATALOG 42 showing the complete H & C line, available upon request. 
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Air System Equipment 


Registers 

Grilles 


Hendrick Manufacturing Company 



Hendrick Perforated Metal Grilles 
48 Dundaff Street, Carbondale, Pa. 


Sales Offices in Principal Cities — Consult Telephone Directory 

PRODUCTS— Hendrick Perforated Metal Grilles; Mitco Open Steel Flooring; 
Mitco Armorgrids; Mitco Shur-Site Treads. 


HENDRICK 

PERFORATED METAL GRILLES 

To architects, engineers, contractors and 
others who bu> or specify grilles, Hendrick 
offers literally hundreds of designs from 
which to select the pattern or patterns best 
suited to specific applications. 

In addition to those popular designs 
which have been specified so consistently 
that they are today regarded as standard 
patterns, Hendrick offers a number of 
exclusive designs, many of them covered 


liililiililiililiililiililiililii 
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liililiililiilililliliililiililii 


Musak 


All Hendrick Grilles are characterized 
by clean-cut perforations and fine finish. 
In addition, Hendrick grilles are put 
through a special flattening operation 
\\rhich insures easy installation. 

HENDRICK 

FIXED LOUVRE GRILLE 

One of the most popular grilles in the 
Hendrick line is a door grille, developed 
originally for hotels and hospitals but 
equally ideal for bathroom doors in 
residences. 

Hendrick Fixed Louvre Grille is 
built up of a series of strips bent to a 
fixed angle and rigidly fastened into a band 
frame, a construction permitting free cir- 
culation of air but preventing vision 
through the grille from any angle. Easily 
installed in any door. 



M No, 9 



La Crosse 


by design patents. Originally designed to 
meet specific requirements, these Hendrick 
patterns are available, without premium, 
to those who seek something that is dis- 
tinctive as well as different. 



Regularly furnished in No. 18 U. S. 
Gauge Steel; also obtainable in other 
commercially available metals. 


Write on your letterhead for a copy of 194-page handbook, ^‘Hendrick Grilles.” 
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Air System Equipment 


Registers 

Grilles 


The Independent Register Co. 

Established 1898 

3747 East 93rd Street, Cleveland, Ohio 

AIR CONDITIONING REGISTERS AND GRILLES 


A Complete Line for Either Residential or Commercial Installations 
Other Types and Styles Shown in Our Catalogues 



No. 311A “Fabrikated”— Grille Bars in- No. 321A “Fabrikated”— Grille bars in- 
dividually adjustable for upward or down- dividually adjustable for right or left 
ward directed air flow. directed air flow. 



No. 238 Wrought Steel — 4- way adjust- 
able direction of air flow. Flexible vertical 
grille bars, multiple valves. 



No. 139 Wrought Steel — Flexible hori- 
zontal grille bars, bendable for up, down 
or straight air flow. Single valves. 


Independent No- Vision Grilles — No. 1312 
for Doors, Walls and Partitions 


The grille bars are “V” shaped; it is impossible to see through the grille from any 
viewpoint. 




No. 1312F— 
One outer frame 
edge turned in- 
ward. See “F”, 

No. 1312R~ 
With overlapping 
rim % in. wide, 
on all four sides. 

No. 1312C— 
With grille core 
only, installed 
with moulding. 
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Air System Equipment 


Registers 

Grilles 


REGISTER & GRILLE MFG. CO. 

Incorporated 

70 Berr>’ Street, Brooklyn, N. Y. 

Headquarters for all types of Registers and Grilles 
RESIDENTIAL AND COMMERCIAL 


Register shutters of different types can be furnished with all types of Register Faces 
or Grilles. 

All Register Shutters have our exclusive feature of brass collars inserted in the ends 
of the shutter to minimize rusting. 

REGISTERS FOR VENTILATION 



Style S370 lock type Register allows directional 
fiow of 13S deg either right and left or up and 
down. WiU open 46 deg beyond 90 deg 


ARRQWTRQL SHUTTER 



The Arrowtrol, line cut shown above, gives straight throw 
tn connection with volume control 


FOUR-WAY DEFLECTION TO AIR FLOWS 



J /^////////// 1 \ ^\\\^\\^\ L ^ 

Style 3SS0 Grille and HMV deflecting vane 

Front bars vertically adjustable, rear vanes 
horizontally adjustable; or Front bars hori- 
zontally adjustable, rear vanes vertically ad- 
justable. 


R & G ADJUSTABLE 
DIRECTED AIR FLOW 
TWO-WAY DEFLECTION 


i'l; 


III 

lU Hill 'Hi ill II lit 

III 

if 
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Use No. 3320 Grille for adjustable 
right and left deflection. Style 
3310 has horizontal adjustable 
bars for up and down deflection. 


THE “THIN MAN” REGISTER FOR RESIDENTIAL USE 


Style 1108, shown, allows right 
and left deflection and up or 
down control at the back. 



Other designs 
of faces are 
available. 


Ask for our catalog which shows other types of air controls; also 81 different Stamped 
Metal designs and over 100 designs in Cast Metals— Iron, Brass or Bronze. 
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Air System Equipment 


Registers 

Grilles 


United States Register Company 

General Offices: Battle Creek, Mich., U.S.A. 

Branches: Minneapolis, Minn , Kansas City, Mo., Albany, N. Y., New York, N. Y., 
San Francisco, Calif. 

Air Conditioning Registers, Vents and Grilles 


L 

r 



Style 153LF — Louver-Type Air 
Conditioning Register-Bars 34 
deep — Spaced 4 openings to the 
inch affords Non-Vision. Can be 
supplied in Directional Flow in 
either Horizontal or Vertical Bar 
Styles. Can be furnished with all 
styles of Setting Frames. 


Style 249LF — Duo-Deflection Air Con- 
ditioning Register. Gives complete Air 
Control. Vertical Front bars — Key-pin 
adjusted to provide 45 deg Right and 
Left or Two-way Side Flow. Lever 
operated Horizontal Back-valves give 
from Full Closed to any degree of Up- 
flow and to 45 deg Down-flow FULL 
FACE COVERAGE. Can be suppli^ 
with any style of Setting Frame. Fits 
all Stack Heads of Standard Size 
Dimensions. 




Style 256LF — Flex-bar Air Condition- 
ing Register, Vertical Front Bars set 
22 deg Right and Left. Side Flow 
Deflection attained by setting of Grille 
Bars with bending wrench to accom- 
modate room condition. Back- valves 
give same Up and Down control of air 
flow as 249LF above. FULL FACE 
COVERAGE. Can be supplied with 
any style of Setting Frame. Fits all 
Stack Heads of Standard Size Dimen- 
sions. 


All of above Styles can be supplied 
with either Lever or Individually ad- 
justed Multiple Valves or Louvers. 
1. E. 153VVI — Vertical Valves Indi- 
vidually adjusted. 145VVL — Lever 
operated Vertical Valves. 


Grilles and Vents in Matching de- 
signs are available. 

For Complete Information 
Write for Latest Catalogs 
with Engineering Data. 



Style 103LF — Horizontal Lattice Perforated 
Register for Forced Air Systems. Not direc- 
tional flow. 


Complete Catalogs 41-G, 41-AC, and Catalog 41-F (Fittings) furnished on request, 
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Air System Equipment 


Registers 

Grilles 



Tuttle & Bailey, Inc. 

New Britain, Connecticut 


PRODUCTS : Ceiling Diffusers— Grilles — Registers — 
Intakes — Air Control Devices — Ornamental Grilles, 
Cast or Wrought Metals — Copper Convector Heaters 



jmiOna®ooTlET 

FOR HEATING 
VENTILATING AND 
AIR CONDITIONING 


TYPE S 

Flush-type diffuser for installation on 
ceiling. Perfect combination of real 
beauty and functional superiority. 
Provides (1) Maximum Air Mixture 

(2) Rapid Temperature Equalization 

(3) Perfect Air Distribution (4) Total 
Elimination of Drafts. 


TYPE E 

Type E Outlets are designed for instal- 
lation on exposed ductwork and pro- 
vide the same efficient performance as 
the S Type. The rings of Types E2 
and E3 are stepped down, which greatly 
increases the capacity of a given size of 
outlet, resulting in an appreciable 
saving in the cost of the outlet and the 
ductwork. 


TYPE R 

Combination supply and return (or 
exhaust) unit. Designed particularly 
for use on installations where simplifica- 
tion of the duct layout is of primary 
importance since the return (exhaust) 
duct can be run to the same location as 
the supply duct. 


Type RX 
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Send for complete engineering data and 
descriptive catalog. 



Air System Equipment • 


Tuttle & Bailey, Inc. 

New Britain, Connecticut 


PLIAVANE ADJUSTIBLADE 
REGISTER 

An inexpensive register sui^ble for war 
housing installations. The air flow may be 
directed sideways by the individually 
adjustable face vanes and up or down by 
the back blades which can be “set” from 
the face of the register itself. 



AIR CONDITIONING GRILLES 

Furnished in both the fixed deflection (Air- 
line Design) and the sectionally adjustable 
deflection (Flexair Design) types with bars 
running either horizontally or vertically. 
The Tuttle & Bailey Air Conditioning 
Grille is scientifically and sturdily con- 
structed to perform efficiently under all 
operating conditions. 


DOUBLE DEFLECTION GRILLES 

Furnished with face bars of fixed (Airline) 
or adjustable (Flexair) deflection types 
and equipped with individually adjustable 
back blades. Also available with hori- 
zontal face bars and vertical back blades. 


Mcknight volume control 

REGISTER 

Provides positive control of air volume at 
the outlet and eliminates necessity of duct 
dampers and diffusers. Scientifically 
designed louvres are easily and accurately 
adjusted by means of a special key fur- 
nished with each register. 




REMOTE CONTROL 

Ideal for hotels, office buildings, large manu- 
facturing plants and public buildings. Pro- 
vides an economical means of individual 
control of air volume at each outlet. 
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Air System Equipment • Regulators 


Young Regulator Company 

4500 Euclid Avenue, Cleveland-S, Ohio 

DAMPER REGULATORS; REMOTE CONTROL REGULATORS; DAMPERS 

Representatives In Principal Cities 



Young Remote Control Regulator No. 700 
Individually controls volume of air to each 
room. A turn of the knob opens the damper; 
when turned beyond 180 degrees, a spring 
closes damper. Operates dampers at distances 
250 feet or more. Corner pulleys, with con- 
nection for tubing, can be furnished. 

Young Multiple Blade Damper No. 805 
Used with Remote Control. 

Young Relief Damper No. 815 
Automatically controlled with modulating 
motor and thermostat. When 



temperature in the room drops, 
one damper closes and the other 
damper opens and spills the air 
into a relief duct. Can also be 
furnished in a single damper for 
fresh air. These dampers can be 
manually operated, using Young 
Remote Control. 

Young Surface Damper 
Regulator No. 1 



Withstands vibration and 
shock. Locks securely — positive 
in action — tamper-proof. Is ad- 
justed and locked with a poly- 
gonal detachable wrench, or key. 

Young Valcalox Surface 
Damper Regulator No. 401 

Ideal for round duct work. 
Has detachable wrench. Much 
cheaper than Model No. 1. 

Young Valcalox Surface 
Damper Regulator No. 402 

Has attached handle. Used 
where necessary to continually 
change setting of damper. 

Young Air-Split Damper 
Regulator No. 900 

Can be placed in almost any 
location accessible for operating 
splitter dampers. 

Young Concealed Type 
Damper Regulator No. 301 



No, 401 


Flush with plaster when 
installed. 

Young Flush Cup 

Damper Regulator 
No, 201 

Similar to concealed 
type, except more easily 
accessible. 
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Air System Equipment 


Sheet Metal and 
Tubular Products 


The American Rolling Mill Company 

Executive Offices. Middletown. Ohio 


Atlanta, Ga. 

1437 Citizens & Southern Natl. Bank Bldg. 

Berkeley, Calif Seventh and Parker Sts. 

Boston, Mass 201 Devonshire St. 

Buffalo, N. Y 604 ^venteen Court St, Bldg. 

Chattanooga, Tenn., 602 Chattanooga Bank Bldg. 

Chicago, III 310 S. Michigan Bldg. 

Cincinnati, Ohio 24 Cooper Bldg., Hyde Park 

Cleveland, Ohio 1516 B. F. Keith Bldg. 

Columbus, Ohio 1020 Atlas Bldg. 

Dallas, Texas 1301 Tower Petroleum Bldg. 

Dayton, Ohio 506 Mutual Home Bldg. 

Detroit, Mich. 5-261 General Motors Bldg. 


Houston, Texas P. O. Box 2303 

Indianapolis, Ind 1106 Fletcher Trust Bldg. 

Kansas City, Mo 7100 Roberts St, 

Los Angeles, Calif. 329 Petroleum Bldg. 

Milwaukee, Wis , 

627 First Wisconsin National Bank Bldg. 

Minneapolis, Minn 171-27th Ave., S. E. 

New York, N. Y 120 Broadway 

Philadelphia, Pa 1808 Lincoln-Liberty Bldg. 

Pittsburgh, Pa 1627 Henry W. Oliver Bldg. 

St. Louis, Mo 1725 Ambassador Bldg. 

Washington, D. C., 

311 Defense Bldg., 1026-1 7th St., N. W. 



Choose the Correct Armgo Grade 

These grades of Armco sheet metal are recommended for the 
air conditioning applications shown. For detailed information 
get in touch with the nearest district office or write direct to 
The American Rolling Mill Company, Middletown, Ohio. 


Armco Ingot Iron 

(Galvanized) 


Ducts 

Washer Chambers 
Plenum Chambers 
Steam Line Casings 
Furnace Casings 
Spray Towers 
Drip Pans 
Housings 
Machine Guards 
Unit Conditioners 
Roof Ventilators 
Eliminator Blades 

Armco PAINTGRIP 

(Galvanized) 

A special mill-bonderized galvanized 
sheet that can be painted without pre- 
treatment. Preserves life and beauty of 
paint. 

Armco Cold Rolled Paintgrip: A 
special bonderized sheet with a flash 
coating of electro-deposited zinc. 

Hot Rolled 

(Sheets and Strip) 

Fan Blades 
Blower Casings 
Fuel Oil Tanks 
Unit Conditioners 
Stoker Hoppers 

Armco ZINCGRIP 

A special zinc-coated sheet that can be 
severely formed without peeling or flaking 
of the tightly adherent zinc coating. Also 
available with a Paintgrip finish. 


Cold Rolled 

(Sheets and Strip) 
Furnace Casings 
Room Unit Casings 

Plates 

(Armco ingot iron) 
Smoke Stacks 
Coal Hoppers 
Breeching 

Unfired Pressure Vessels 
Low-fired Boilers 
Tanks 


Armco High Strength 

A low alloy, high tensile steel possessing 
^eat strength. Used with proper design 
it results in weight reduction of frame- 
work, tanks and similar items. Under 
atmospheric service conditions it has four 
to six times the endurance of regular steel. 


Stainless Steel 

(Sheets, Strip and Plate) 
Combustion Chambers 
Heat Flues and Tubes 
Humidifier Pans 
Pre-heaters 

Furnace Parts and Supports 
Fan and Blower Blades 

Special grades have excellent resistance 
to destructive heat-scaling up to 2000 F. 


Armco Aluminized Steel 

A new aluminum-coated steel with exceptional resistance to heat and corrosion. 
Resists heat discoloration up to approximately 1000 F., and will withstand oxidation 
at even higher temperatures. 
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Air System Equipment 


Sheet Metal and 
Tubular Products 


BETHLEHEM STEEL COMPANY 

GENERAL OmCESt BETHLEHEM, PA. 

District Offices Akron, Albany, Atlanta, Baltimore, Boston, 

Buffalo, Chattanooga, Chicago, Cincinnati, Cleveland, Colum- 
bus, Dallas, Detroit, Honolulu, Houston, Indianapolis, Johns- 
town. Pa., Kansas City, Mo., Los Angeles, Milwaukee, New 
Haven, New Orleans, New York, Philadelphia, Pittsburgh, 

Portland, Ore., St. Louis, St. Paul, Salt Lake City, San Antonio, 

San Francisco, Savannah, Seattle, Springfield, Mass., Syracuse, 

Toledo. Tulsa. Washington, Wilkes-Barre, York. Export 
Distribl"tors: Bethlehem Steel Export Corporation. New York. 



BETHLEHEM PRODUCTS FOR HEATING, 
VENTILATING AND AIR CONDITIONING 


For the thousands of new men who are now moving into the sheet metal business to 
handle direct or indirect war jobs, we are listing the products which Bethlehem manu- 
factures for heating, ventilating and air-conditioning. These products are, of course, 
subject to government priorities in all cases. 


Steel Sheets— Bethlehem manufactures 
a line of sheet steel to handle all types of 
heating, ventilating and air-conditioning 
jobs. Sheets are produced in the general 
classifications of hot-rolled (black); cold- 
rolled, and galvanized. Hot-rolled sheets 
are made in thicknesses from No. 18 gage 
to No. 2 gage, in -widths vaiydng with the 
thicknesses. Cold-rolled sheets are made 
in widths over 12 in. and in gages No. 11 
to 30 inclusive. Galvanized sheets are 
made in gages 8 to 31 inclusive in widths 
of 24, 30, 36, 42 and 48 inches. 

Bethlehem also produces galvanized 
steel roofing, siding and accessories. The 
designs include 2J^-inch and l}4-inch cor- 
rugated; 2-, 3- and 5-V crimp; Stormproof 
and Weatherproof patented designs; roll 
roofing and **plain brick” or *Vock-faced 
stone siding.” Accessories include valleys; 
corrugated end-wall and side-wall flashing; 
Stormproof starter, finisher and flashing; 
and ridge roll to fit all types of Bethlehem 
galvanized steel roofing sheets. 


% 

1 



T — 

A 


/ 


Stedfrom this giant mill will eventually become 
BetUehem sheets. 


Steel Pipe — Bethlehem now produces 
the new continuous-weld pipe, known as 
Beth-Co-Weld, in sizes from J^-inch 
diameter to 3-inch inclusive and in uniform 
21-foot lengths, plus or minus one inch. 
This pipe is uniform in size, length, and 
physical characteristics. It will do a con- 
sistently good job wherever used. 

Ammonoduct, a steel pipe which can be 
bent cold without annealing or danger of 
fracture, has long been a Bethlehem 
specialty. In peacetime it was used ex- 
tensively for ammonia piping, heater 
coils, water legs in furnaces and similar 
uses where pipe must be bent Will be 
available in quantity after the war 
emergency is over. 

Boiler tubes, both lap-weld steel and 
charcoal iron, have been made by Bethle- 
hem for many years. Recommended for 
all types of boiler-tube jobs. 

If you have a contract for heating, 
ventilating or air-conditioning, use de- 
pendable Bethlehem materials. 



Here's how ihe rolls of our continuous mill form 
Beth-Co~Wdd Pipe. 







Air System Equipment 


Sheet Metal and 
Tubular Products 


Jones & Laughlin Steel Corporation 

Jones & Laughlin Building, Pittsburgh, Pa. 


WELDED and SEAMLESS STEEL TUBULAR PRODUCTS 


J & L Welded Pipe 

Jones & Laughlin manufactures 
Standard Weight, Extra Strong, and 
Double Extra Strong Welded Pipe, 

Black and Galvanized, for steam, 
gas, air, water, refrigeration and sprinkler 
work. Sizes: in. to 16 in. O.D. in- 

clusive. 

Jones & Laughlin Steel Pipe is made of 
soft, weldable steel rolled from solid ingots 
made to a special analysis. The steel pipe 
produced is soft and ductile, free cutting, 
strong at the welds, and free from excess 
scale. J & L Pipe is commercially straight 
and free from blisters, cracks or other 
injurious defects. 

Careful attention is given the threading 
of the pipe with good clean-cut threads 
fitted with sound couplings correctly tap- 
ped to give a tight joint. Soft, ductile steel 
of free cutting quality enables the con- 
tractor to cut clean, sound threads on 
the job. 

The Jones & Laughlin process of gal- 
vanizing assures a thorough coating and 
insures against pipe being clogged with 
spelter. The galvanized coating adheres 
strongly and does not tend to flake off. 


J & L Seamless Pipe 

J & L Seamless Pipe is made in three 
weights; standard and extra strong. Sizes: 
1^2 in. nominal to 14 in. 0. D. inclusive. 
Also double extra strong in sizes 2 in. to 
8 in. inclusive. 

J & L Seamless Steel Pipe is pierced 
from a solid billet — there are no welds. 
The result is dependable and uniform wall 
strength. The method of manufacture, 
and the use of only specially selected steel, 
assure exceptional ductility, a quality that 
is essential to successful coiling and bend- 
ing, and flanging for Van Stone joints. 

J & L Seamless Pipe can be used with 
full satisfaction in either threaded joint 
or completely welded installations. 

Ductility, strength and safety — make 


this product especially adaptable for 
air, steam, gas and gasoline lines, 
boilers, refineries, dry kilns, refriger- 
ating systems and other exacting 
applications. 

J & L Hot Rolled Seamless 
Steel Boiler Tubes 

J & L Seamless Boiler Tubes are manu- 
factured in accordance with thei4.5.Jl(f.E. 
Boiler Code and comply with the A ,S. T. M. 
Specifications and the rules and regulations 
of the Bureau of Marine Inspection and 
Navigation of the U. S. Department of 
Commerce. They are supplied in a full 
range of standard sizes, from 1 in. O.D. 
to 6 in. O.D. inclusive. 

The process by which Jones & Laughlin 
manufactures seamless boiler tubes is 
largely responsible for the unusually high 
ductility of the product. It is a process in 
which a forging action is predominant, 
and produces a desirable combination of 
strength with a highly ductile nature. 
J & L tubes therefore are installed with 
ease and safety. 

Other J & L Tubular Products 

J & L also manufactures Reamed and 
Drifted Pipe in sizes 1 in. to 6 in. inclusive, 
Dry Kiln Pipe, Pipe for Refrigeration 
Service, Water Well and Irrigation Casing, 
Line Pipe and a complete line of Oil 
Country Tubular Products in welded and 
seamless. 

Handbook on Standard Pipe 

Available without charge or obligation, 
to heating and piping contractors and 
heating and ventilating engineers, is the 
J & L tubular products handbook SP5. In 
addition to containing catalog information 
of J & L Standard Pipe this book includes 
helpful engineering design data for con- 
tractors and engineers. Write on your 
letterhead for a copy of this convenient 
handbook. 
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Air System Equipment • sheet Metals 


United States Steel Corporation Subsidiaries 

Camegie-IlUnois Steel Corporation, Pittsburgh and Chicago 
Columbia Steel Company, San Francisco 
Tennessee Coal, Iron & Railroad Company, Birmingham 
United States Steel Export Company, New York 
District Offices in all Principal Cities 



U S'S COPPER STEEL 

For Superior Rust Resistance at Low Cost 


Corrosion resistance and cost are two 
determining factors of the ty^ of metal to 
be used for various air conditioning jobs. 

Copper Steel has 2 to 3 times the atmos- 
pheric corrosion resistance of plain steel or 
pure iron as shown in the results of un- 
biased tests made at Pittsburgh, Ft. 
Sheridan and Annapolis by the American 
Society for Testing Metals. 

The cost of U*S‘S Copper Steel is less 
than that of pure iron or copper-bearing 
pure iron and only slightly more than plain 
steel. Thus there often is a dividend of 
200 p^ cent to 300 per cent longer life and 
a saving in the first cost as well. 

When galvanized, U*S’S Copper Steel 
produces a sheet that is rust resistant all 
the way through — not just on the surface. 
It should be used for all ducts carrying 
humidified air or placed in damp locations 
such as basements, shower rooms, etc. 

U S S PAINTBOND 

U’S’S Paintbond should be used 
whenever galvanized steel is to be painted. 
This sp^ial Bonderized sheet can be 
painted immediately, offers a much better 
surface for painting, lessens danger of the 
paint flaking and retards corrosion. It is 
used for ductwork, furnace housings and 
outdoor metal work. 

Send for our Paintbond booklet 

U-S S DUL-KOTE 

U*S*S Dul-Kote is a specially treated 
non-spangled ^vanized sheet which also 
can be painted immediately without ageing 
or otherwise preparing the surface. It is 
available in the South and in the West. 
Send for our Dul-Kote booklet 



Corrosion test of A.S.T.M, on ££ gage 
black sheets exposed at Annapolis, Md , 
October, 1916, The copper steel sheets 
outlasted all others in the test. 

OTHER U S S PRODUCTS 
INCLUDE: 

Black Sheets — All grades, hot rolled, 
cold rolled in a number of different 
finishes. 

Stainless — Heat resisting steel for 
various uses where temperatures are high 
and corrosion severe. 

Cor-Ten — High Tensile steel — greater 
strength, greater atmospheric corrosion 
resistance for smokestacks, hoods, etc. 

For more information on U*S’S 
Galvanized, Copper, Black and Stain- 
less Sheets, send for our Guide for 
Sheet Metal Workers. 
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Cordroh and Instruments 



Alco Valve Company 

ENGINEERED REFRIGERANT CONTROLS 
851 Kingsland Ave., St. Louis, Mo. 

New York Office: 381 Fourth Ave. 


A complete line of Engineered Refrigerant Controls 


THERMO 
EXPANSION 
VALVES 

For automatic control of 
liquid refrigerant on all 
types of air conditioning 
and refrigeration systems. Type TK 




Type TJL 



Type TBL 


CAPACITIES — From fractional tonnage to 100 tons Methyl Chloride, 50 tons Freon-12. 


MAGNETIC STOP VALVES 


For all types of service 

Magnetic Liquid 
Stop Valves 

Freon — up to 75 tons, Methyl 
Chloride — up to 150 tons. 

Magnetic Suction 
Stop Valves 

Freon — up to IH" or 8.8 tons 
Methyl Chloride — up to 1 
or 17 tons. 



Type SI Type MS 



TypeRB 


AMMONIA CONTROLS 

Magnetic Liquid Stop Valves — 
up to 172 tons. 

Magnetic Suction Stop Valves — 
up to or 28 tons. 

Thermo Expansion Valves — 

from fractional tonnage to 60 tons. 



Type M6 



Type TGS 


EVAPORATOR 

PRESSURE 

REGULATORS 

For Freon, Methyl 
Chloride and Am- 
monia, with port sizes 
up to 2 in., and a wide 
variety of connection 
sizes. 



ALCO also offers Magnetic Stop Valves 
for brine, water, gas, air and steam; 
specially designed Magnetic Compressor 
Discharge Valves and Magnetic Pilot 
Check Suction Stop Valves (for lines 
subject to reverse Flow). 

In addition, the Alco line of Engi- 
neered Refrigerant Controls includes Float 
Valves, Float Switches, High Pressure 
Float Valves, Constant Pressure Ex- 
pansion Valves and liquid and suction 
line Filters. 
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Controls and Imtrtanerds 


BUTOfllfllK PWDUCB COniPflllY 


2450 nORTH 

miuuflUKfC 



sceono STR££T 

Wisconsin 


A-P DEPENDABLE CONTROLS 

For Heating, Refrigeration and Air Conditioning 



• A-P Therm- 
ostatic Expan- 
sion Valves, 
Several models 
and sizes, for ca- 
pacities up to 16 
tons Freon or 32 
tons Methyl 
Chloride. 



A-P Solenoid* 
Operated 
Water Valve. 
Made especially 
for Deep Well 
Cooling. 


A-P Thermostats. 
For Cooling or Heating 




• A-PSolenoid 
Refrigerant 
Valves. Capa- 
cities up to 50 
tons Freon. 



A-P Water • 
Regulating 
Valves. Capaci- 
ties up to 1440 
Gallons per hour. 


A-P “Trap-It.” 

Traps dirt, scale, moisture in refrigeration systems. 



A-P Controls for Oil Burning, Gravity-Feed Heating Plants. 




4 . 


A-P Constant Level 
Oil Control Valve — 
With Fuel Compensator. 
Used on Gravity Oil 
Burning Appliances. 



A-P Complete Fur- 
nace Control Set — 
Made in variety of types 
for Gravity-Feed Oil 
Burning Furnaces. 



A-P Fuel Oil ‘‘Trap- 
It** — Traps dirt and 
water in fuel systems. 
Improves operation of 
all oil burning devices. 


A-P Valve DEPENDABILITY 


Air Conditioning and Heating. This 
repumtion is bom of close adherence te a rigid standard of perfection—in 

Inspection, simplicity of construction, and 
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Controls and Instruments 


Barber-Colman Company 

Rockford, Illinois 

Automatic Control Systems for Heating, Ventilating, Air Conditioning 


Room 

Thermostat 


Duct Thermostat 



Motor^operated 
Shut-off Valve 




Hygrosiat 



Bs^ber-Golman Controls are all electric; pre- 
cision built to insure long, continuous and 
dependable service; easy to install in either new 
or existing buildings; and ready for instant 
service, even after long shut-down periods. 

Thermostats. All types — room, duct, immer- 
sion, air stream and remote bulb. For 2-position, 
floating, and proportioning control. 

Hygrostats. Room and duct types 

Hygrosiat 

Motor- Operated Valves. Packless, packed 
single-seat, pilot piston, V-ported, balanced, 

3- way, and butterfly. For 2-position, floating, or 

proportioning control. Also Solenoid Valves for 

air, oil, water and gas. Motor-operated valves are 
powered with Barcol motors which have only one 
moving part and require no attention except oiling: 
oil submerged operators require no attention. 

Control Motors. Uni-directional, or reversible 
fixed or ad j ustable speed . F or 2-position , floating 
or proportioning operation of dampers in heating, 
ventilating or air conditioning applications. (Xl 
submerged models have the motor and gear train 
entirely submerged in oil. 

Program Switches. Automatic contact making 
mechanism for multi-compressor control or similar 
applications. 

Econostat (not illustrated), a complete self- Motor-operated 
contained thermostatic unit for automatic regu- Proportioning Valve 
lation of the heat supplied to a building in accor- 
dance with outdoor temperatures. 

Write for descriptive literature. 


LISTED AS STANDARD BY 
UNDERWRITERS LABORATORIES 

{See also Page lOOS) 




Proportioning Type 
Control Motor 



Stall Type CorUrd Motor 


Program Switch 
1021 


Heavy Duty Industrial Type 
Control Motor 






Controls and Instruments 


Detroit Lubricator Company 

Division of Amebicam R aputor & ^^tapdavd coaroiiATioff 

Detroit 8, Michigan, U. S. A. 

New York 18. N. Y.. 40 West 40th Street 

Chicago 5, III., 816 S. Michigan Avenue Los Angeles 13, Calif., 320 Crocker Street 

Canadian Representative: 

Railway and Engineering Specialties Limited, Montreal, Toronto. Winnipeg 


Air and Vent Valves 

f The “DL** line of air and 
vent valves is one of the broad- 
est on the market. The Ideal 
Fast Venting System, using the 
No. 300 Multiport and the No. 
861 Hurivent (illustrated) is 
particularly advantageous on 
one pipe steam jobs fired auto- 
matically and makes possible 
— complete venting of the system 
Xo. 861 in the shortest time, together 
with even heat distribution to 
all radiators. The No. 300 valve is limited 
to systems operating at less than 3 pounds 
pressure. The No. 5000 Airid Variport is 
an adjustable valve for systems which 
must operate at more than 3 pounds 
pressure. The No. 841 Ideal Quick Vent 
is an inexpensive fast venting main vent. 
For hand-fired coal jobs operating on 
vacuum, there is the No. 510 Vac-Airid 
Air Valve; the No. 862 Vac-Hurivent, and 
the No. 842 Vac- Vent for mains. Write 
for Bulletin No. 197. 


Radiator Valves and Balancing 
Fittings 

The broad line of “ DL ** radiator valves, 
both packed and packless, covers many 
types and sizes. All valves are sturdily 
built and have clean-cut threads and ac- 
curate dimensions. Hot water valves 
feature the patented ‘'swinging plate” 
design, which eliminates restriction to flow 
and always turns freely. 

A line of specially designed valves and 
balancing fittings for forc^ circulation hot 
water systems is also available. With 
“ DL” balancing elbows or straightway 
fittings, the heat output from each radiator 
may be qtjntrolled by a screw driver 
adjustment without the necessity of drain- 
ing the system. 
“DL” special circu- 
lator type valves 
are designed to close 
off tight enough to 
prevent heating of 
radiators when so 
desired, but allow a 
small leakage to 
avoid freezing. 
Write for Bulletins 
56 and 85. 



US 



Automatic Controls 
Detroit Lubricator Company 
manufactures a very complete 
line of electrical controls, de- 
signed to open or close an 
electrical circuit with changes 
of temperature or pressure. 

The No. 411 Thermostat (illu- 
strated) is a low voltage model 
and is made in plain and Day 
and Night types. All No. 411 
Thermostats are available with 
heat compensation to provide 
smooth, accurate temperature No. 411 
control. The No. 855 Mercoid Room 
Thermostat (illustrated) is a line voltage 
type — ^available in heating, air conditioning 
and refrigeration ranges. 

For industrial use the No. 250 and No. 
450 line of pressure and temperature con- 
trols is available, in pressure ranges from 
20 in. vac. to 350 lbs, 
and in temperature 
ranges from — 30®F. to 
495°F. 

Also available is a full 
line of blower controls, 
combination blower and 
limit controls, such as 
the CA-815 illustrated, 
and a special line of 
water-tight equipment 
for use in wet locations. 

There is a “DL” con- 
trol available for practi- 
cally every application where a dependable 
device is required to open or close an 
electrical circuit with changes of pressure 
or temperature. Write for complete infor- 
mation. Our Engineering Department is 
always ready to make recommendations 
on any specific problem. 



No. 855 
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Detroit Lubricator Company 


Controls and Instruments 


Gas Valves 

The No.V- 
570 Electric 
Gas Valve is 
an electrical- 
ly operated 
valve for con- 
trol of gas 
lines from 
to in. It 
provides par- 
No. V-670 Opening 

upon initial 
operation, 

permitting quiet ignition of gas. Inex- 
pensive, compact, and attractive in ap- 
p^rance, it employs an easily serviceable 
bimetal strip motor for actuating force. 
Write for Bulletin 201. 

The No. 566 Valve combines in one 
compact unit all of the functions of a 
control system for gas heating. All 
safety functions are mechanical and 
operate independent of electric current. 
Adjustable for full snap or any degree of 
throttling action. Limit control closes 
valve with a snap action. Valve may be 
manually 
operated in 
case of cur- 
rent failure. 

Applicable to 
all gases, 
natural, 
manufac- 
tured , or 
mixed. Write 
for Bulletin 
No. 80. 

Solenoid Valves 

"DL” Solenoid Valves for control of 
water, air, oil, gas, or refrigerant, embody 
many desirable features. They are free 
from A.C. hum and will open against high 
pressures. Available in all standard vol- 
tages and cycles A.C. or D.C. No. 683-3 
(illustrated) is a small size valve with ^ in. 
connections. No. 681 is a pilot operated, 
intermediate size valve, and the No. 686 is 
a large pilot operated valve with capacity 
up to 17 tons Freon. No. 686 valve avail- 
able with flanged con- 
nections. No. 681 
and 686 are furnished 
with manual opening 
feature to permit 
opening in case of 
current failure. All 
models may be taken 
apart and cleaned in 
the field without re- 
moving , from pipe 
lines. Write for Bul- 
No, 68S-S letin No. 199. 



No. 673 


Expansion Valves 

“DL” Thermostatic Expansion Valves 
are designed to keep the evaporator in a 
refrigerating system completely refrig- 
erated. All power elements are “gas 
charged” to a definite pressure, preventing 
motor overload and providing quicker 
response and more sensitive control. 
Capacities from ton to 30 tons Freon. 
The No. 673 valve employs a double 
bellows as the actuating means, while the 
Durafram line is constructed with a single 
diaphragm power element. All needles 
and seats are made of Delubaloy, a very 
hard, corrosion resistant alloy to insure 
long, trouble-free service. Write for Cata- 
log No. 200 on refrigeration equipment. 



Refrigerant Distributors 

Detroit No. 790 Refrigerant Distributors 
insure a uniform supply of refrigerant to 
all sections of multiple circuit evaporators 
and are attached directly to the expansion 
valve by means of a flanged connection. 
These corrosion-resistant distributors are 
available for Dura-fram Expansion Valves 
No. 786, No. 787 and No. 788, and are in- 
terchangeable on all types. 

They are made in two types, as follows: 

Type A — 2 to 8 passes. 

6 passes standard. 

Type B — 9 to 18 passes. 

12 and 18 passes standard. 

All distributors are designed for use with 
in. O.D. copper outlet tubes. 

For complete capacity tables write for 
Bulletin No. 207. 
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Controls and Instruments 


The Fulton Sylphon Company 

Manufacturers of Sylphon Automatic Temperature Controlling 
Instruments and Packless Expansion Joints 


Sales Representatives 
in Principal Cities 



No.9£S 

Temperature 

Regulator 


HOT WATER SUPPLY 
No. 923 Temperature Regu- 
lator — For controlling water 
temperature in heaters, open or 

closed tanks and other equip- 
ment. Operation unaffected 
by temperature fluctuations 
at the valve, either above or 
below bulb temperature. All 
parts, except steel adjustment 
spring, made of non-ferrous 
metals. May be installed in 
any position. Ranges from 40 
-80 F to 290 -330 F. 
Bulletin HVG-20. 

Sylphon Thermostatic Water Mixers 
Utilize hot water from any storage tank 
or instantaneous heater, and effectively 
I regulate the 
amount of 
cold water 
required to 
temper it to 
the desired 
degree, actu- 
ally mixing 
the hot and 
cold water to- 
gether before 
delivery. 
Temperature 
remains con- 
stant in spite 
of fluctua- 
tions in supply water temperatures or 
pressures. 

Four sizes with capacities ranging from 
5 to 131 gpm. Bulletin HVG-40. 

REFRIGERATION 
CONTROLS 

Adaptable wherever brine is 
used as the refrigerant. Latest 
development is a “freeze-proof” 
_ valve (illustrated at left on the 
No. 94S-Z popular Sylphon No. 945-Z Reg- 
Regulator ulator). Bulletin HVG-20. 

PAGKLESS 
EXPANSION JOINTS 
The Sylphon Packless Expan- 
sion Joint eliminates useless 
building height, expensive con- 
struction and non-revenue pro- 
ducing space. No costly leaks 
and repairs, no repacking, always 
tight, allows heating system to 
operate at full efficiency. Write 
for Bulletin HVG-140. 




No. 90S Sylphon Thermostatic 
Water Mtxer — 14 to ISl gpm 
depending on water pressure 




Elnoxville, Tenn. 


SPACE HEATING CONTROL 
No. 885 Automatic Radiator 

Valve — For exposed radiation. 
Small, neat, finely finished, adj ust- 
able to room temperature desired. Simply 
replace ordinary radiator valves with these 
Sylphon Automatic Regulators— no wiring, 
piping or auxiliary equipment are required. 
These valves answer the demand for an 
inexpensive means of providing accurate, 
dependable space temperature control in 
rooms, sections or through- 
^ajBgtgi out large buildings, new or 
"yp old. Similar type valves for 
Sylphon No. 885 concealed radiation — get 
Automatic Radi- Bulletin HVG-80. 
ator Valve 


No. 890 Electric Radiator Control 
Valve — For either exposed or concealed 
radiation. Similar in appearance and 
action to Sylphon Automatic Valves, but 
operated by an electric wall thermostat. 
The closing of the thermostat circuit ener- 
gizes a low voltage electric 
heater coil^ surrounding a 
bulb containing a volatile 
liquid. This liquid expan- 
sion causes pressure on a 
bellows in the valve head Sylphon No. 
operating the valve. This S90 Electric 
provides radiator valve con- Valve 

trol from a remote location, permits regu- 
lation of several radiators from a single 
thermostat, enables a time switch to be 
installed, if desired, offers effective zone 
control of large areas at a fraction of the 
cost of conventional motor-operated valve 
systems. Bulletin HVG-70. 



No. 7 Temperature Control — ^A self- 
contained, self-powered regulator for con- 
trolling unit heaters, wall or ceiling type 

— 3 radiators, heating coils 

in duct-type heating 
systems, etc. Quickly 
installed, holds tem- 
peratures within close 
Sylphon No. 7 limits. Valve placed 
Temp^ature Control jn steam line to one or 


(Sdf-operating) 


a battery of heaters. 


thermostat mounted on wall or column. 
For use on regular heating pressures up 
to 16 lb. Similar regulators, Nos. 7-2 and 
7-3 for 50 and 75 lb pressure and tem- 
peratures up to 170 F. Bulletin HVG-50. 
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The Fulton Sylphon Company 


Controls and Instruments 


HEATING AND AIR CONDITIONING CONTROL 


Almost any type of heating, ventilating 
or air conditioning system can be advan- 
tageously controlled wholly or in part by 
Sylphon Regulators. Basic advantages of 
Sylphon Controls are: 

Modulating — Maintains ideal conditions 
— not continually correcting too hot, too 
cold, too humid or too dry conditions. 

Compensating — Many Sylphon Regu- 
lators offer compensating control, auto- 
matically raising their low limit setting at 


a predetermined rate as outside tempera- 
tures fall. 

Sensitive — Close operating temperature 
differentials. Quick response. 

Simple — in design. 

Rugged Construction — ^To give years of 
satisfactory service. 

Adaptable — ^Any one of many combina- 
tions of Sylphon Instruments can be ar- 
ranged to control any air conditioning sys- 
tem and to provide exactly the conditions 
desired. Write for Bulletin SA C — 8B0. 


The No. 928-C Regulator — Simple, compact yet 
highly sensitive. Suitable for modulating control of air 
temperatures in ducts. Bulb is constructed of numerous 
coils of copper tubing giving sensitivity to the slight^t 
temperature variation . PacJdess valve eliminates service 
problem and makes this regulator ideal for installation 
in inaccessible locations. Suitable for steam pressures 
up to 15 lb ; other types available for pressures up to 75 lb. 

Regulator 928-C 

The No. 928-ECC Sylphon Instrument — Room 
control and low-limit control in a single valve regulator 
for modulating control of ventilating systems. Main 
control from an electric room thermostat operating 
through the electric head “ E” on the valve. Low-limit 
control by Bulb “A” located in discharge duct from the 
heater. Bulb “D”, located in inlet side of the duct to the heater, compensates Bulb 
“A”. Compensating thermostat can be furnished to raise low-limit setting at predeter- 
mined rate with falling outside temperature. Suitable for steam 'pressures up to 15 lb. 


Sylphon No. 971 Differential Regulator — For con- 
trolling room temperature on the cooling cycle, where 
chilled water or brine is used as cooling medium and 
where it is desired to have a gradual increase in room 
temperature as outside temperature increases. This 
regulator is modulating in action, thereby affords better 
control over humidity than is procured when usual on- 
and-off type control is employed. 


The Sylphon No. 889-C Control — K modulating, 
dual-function regulator for control of duct heating and 
ventilating systems — two independent valves in a single 
body. 

Adjustable Thermostat ” A.'* governing Valve “E” 
functions to maintain room temperature from tempera- 
ture of recirculated air. Adjustable Thermostat “B** 
acts as a low-limit ductstat controlling Valve “F” to 
maintain minimum discharge air temperature. Bulb “D” compensates Bulb “B” to 
maintain even discharge air temperature irrespective of demand. Compensated Therm- 
ostat “B” can also be furnished to raise its setting at a predetermined rate with falling 
fresh air temperatures, if desired. Suitable for steam pressures up to 15 lb. 

Sylphon No. 371 Positive Type Damper Motor — On-and-off control of dampers. 
Operation controlled by room thermostat, by hand- 
operated switch, by motor starting switch, etc. Ad- 
vantages include: (a) motor returns to closed or safety 
position in event of current failure; (b) heat-motor bulb 
and motor separate enhances convenience of installa- 
tion; (c) damper motor lever adjustable; (d) positive, 
powerful operation. 



Damper Motor S71 




Control 889-C 




Instrument 928-ECC 
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Controls and Instruments 


GENERALmttCONTROLS 


Boston 
Chica^^o 
Cleveland 
Dallas . - . 


712 Beacon St. 

... 450 E. Ohio St. 

3224 Euclid Ave. 
.... UOl Cadiz St. 



Detroit . , .. 

New York 
Philadelphia 
San Francisco 


. .6432 Cass Ave. 
. . 267 Fifth Ave. 
..4515 N. Broad St. 
.. . 471 Ninth St. 


Home Offices and Factory— 801 Allen Ave., Glendale 1, California 
DISTRIBUTORS IN PRINCIPAL CITIES 


AUTOMATIC TEMPERATURE— PRESSURE— FLOW CONTROLS 



a 


room 

THERMOSTATS 

Trimtherm provides ac- 
curate, remote control 
of desired temperature. 
Streamlined, compact— 
extends onlj’ in. from 
wall, yet sensitive to 
slightest temperature 
change (Differential 
F.) Graceful lines, 

chrome cover, natural 

The Trimtherm ivory’ base. 

MAGNETIC GAS VALVE 
^ ^ TYPE K-3B 

Versatile, two-wire, 
straight magnetic, cur- 
rent-failure valve. Pack- 
t less. Insures tight shut- 

off indefinitely. Solenoid 
^ _ absolutely harmless. Size 

‘Vi' in. to 6 in. I.P.S. 

Operating pressures up to 
, 5 lb. Voltages and fre- 

quencies, A.C. or D.C. 
Type K’SB Quiet, positive, trouble-free. 

SLOW OPENING GAS VALVE 
TYPE B-55 ELECTRIC 

t For industrial and com- 
mercial burners and 
furnaces. Adjustable 
opening time, 5 to 50 
secs. Wide pressure 
range up to 5 lb. Size 
% in. to 6 in. I.P.S. 

I Ample power for louvre 

• Type B-55 control. Damper arm 
easily rotated to any position. Packless. 

MAGNETIC VALVES 
TYPE K-10 LEVER ACTION 

Provides six times more 
power than ordinary 
solenoid valves. Con- 
trols air, gas, water, 
light, hea\’y oils, steam. 
Positive opening, com- 
P^®te shut-off, packless, 
hum-free. Available for 

TsicK-lO A.C. or 

D.L., in sizes up to 
1 M in.I. P.S., port sizes up to % in. 


* Type B-55 


B-60 GAS ACTUATED 
PACKAGE SETS 



Type K-10 


Everything needed in a convenient pack- 
age for remote gas control — B-60 Valve, 
Trimtherm (with or without thermometer, 
or Timer Thermostat), Pilot Burner Gen- 
erator, and 30-ft wire. No outside current 
required. Safe, quiet, dependable. Ap- 
plicable to gas furnaces, floor furnaces, 
boilers, circulators, radiators. 

*hi-g MAGNETIC VALVES 
TYPE PV (AV)-3 
Designed for positive oper- 
ation on aircraft, trucks, 
tractors, tanks, graders, 
ships, and other moving 
equipment. Handle all IP 

fluids, vapors and gases on Pfea 

an3^hing that rolls, floats j 

or flies at pressures up to L / 

3000 lb or more. Packless, 
two-wire, current-failure Type PV 
type, available normally (AV)-s 
open, normally closed for intermittent or 
continuous duty. 

j'Trade Mark— "hi-g” indicates positive ability to 
function m any position, regardless of vibration, 
change of motion or acceleration. 


REFRIGERANT CONTROL 
Type K-15 

Magnetic piloted, two- 
wire, current failure, high 
pressure, packless. Han- 
dles large capacities with j 
minimum pressure drop 
and loss. Tight shut-off. 

Operates on wide variety 
of fluids and gases. Type K-15 







General Controls 


Controls and Instruments 



HYDRAMOTOR VALVES 

Simplify valve control instal- 
lations. Two-wire, current 
failure, electric-hydraulic 
operation. Ample motor- 
driven power, slow opening 
and closing movement. Oper- 
ator drives against a spring 
in one direction; power failure 
or opening of circuit causes 
spring to operate in other 
direction. (G-1--7 pictured), 

MANUAL RESET VALVES 

Equipped with manually- 
reset electromagnetically- 
held valve operator. Cur- 
rent flowing to operator 
permits manual opening by 
turning valve wheel at side. 
Current failure releases 
operator allowing valve to 
close. Trip-free mechanism 
cannot be opened under un- 
safe conditions. Once 
closed, valve is re-opened 
manually because applying current has no 
effect. \MR-1-2 picHired). 

STRAINERS 

Actual tests prove impor- 
tance of strainers in pro- 
uMHK longing operating life and 
reducing leakage of flow 
controls. S-5 Series 
STRAINERS (5-5-1 pic^ 
tured) come in 8 types; 
meshes % in. diam. to 120-per-inch. 

THERMOVALVES MR-2 

Manually-reset, 
electromagneti- 
cally-held-open 
valve with cur- 
rent generated 
by single couple 
subject to heat 
of pilot flame, 
in. to in. I.P.S, 




Available 


THERMOPILOTS A-lOO 

Proven principles of oper- 
ation insure dependa- 
bility. Flame applied to 
thermocouple maintains 
electrical contact, allowing 
electrical gas valve to 
open. When flame fails, 
Thermopilot opens circuit 
to main gas valve. Flex- 
ible, armored, asbestos- 
covered cable detachable 
from relay. 2 or 3-wire 
control. Electrical rating, 2 amp., 24 volt; 
1 amp., 115 volt; 0.5 amp., 230 volt. 





THERMAL EXPANSION VALVES 
Type V-200 provides un- 
matched sensitivity and de- 
pendability. Handles freon, 
methyl chloride, sulphur 
dioxide. Quickly removed „ 

orifice cartridges eliminate |^K| 
need for stocking several I WBI 
sizes for low tonnage in- 
stallation. 

GAS FUEL GOVERNORS V-25-1 
Throttle gas lines according 
to boiler pressure applied to 
diaphragm. Ball bearing 
thrust adjustment, ground 
and polished non-corrosive 
stems, low friction packing 
gland seal, multiple cali- 
brated springs, high lift for 
maximum capacity. Suit- 
able for butane, natural or 
manufactured gas. Avail- 
able in. to 3 in., I.P.S. 

RELAYS AND TRANSFORMERS 
Type RS-lOO handles 
single phase motor loads 
up to 1 hp or heating 
loads up to 1.1 kw. Com- 
bines double-break relay 
and integral transformer. 

Normally open ; large 
double-break contacts. 

Tw’o-wire control circuit; 
maximum holding cur- 
rent 0.4 amps. Furnished 
with in. conduit con- 
nections and low voltage 
outlet. A.C. only. 

TANK THERMOSTAT, TYPE L-61 
Averages 6 to 10 
degrees effective 
differential on 
water heater. 

Saves fuel by 
eliminating over- 
heating due to 
large differentials. 

Temperature range, 60 to 
170 F. Also to 230 F. 




LOW PRESSURE GAS REGULATORS 
New V-300 Series are 
reliable, trouble-free 
valves with high capac- 
ity, close regulation, 
yet small and compact. 

Regulator sizes range 
from ^ to 2 in. I.P.S. 

Internal parts, cor- 
rosion-resistant. Cast 
iron regulator bodies, long life calibrated 
springs, properly fitted all-metal valves. 


; KEGULATUKS 
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Henry Valve Company 

1001-19 North Spaulding Ave., Chicago, 111. 
packless AND PACKED VALVES. DRYERS FOR REFRIGERATION 
AND AIR CONDITIONING . STRAINERS . AMMONIA VALVES . FORGED 
STEEL VALVES AND FITTINGS FOR OIL, STEAM AND OTHER FLUIDS. 



Balanced- Action 
Diaphragm 
Packless Valves 

VALUE OF 
BALANCED-ACTION 

Regardless of operating 
conditions or the dif- 
ferential m the pressure above and below 
the valve seat, balanced-action assures 



positive and instantaneous opening. The 
balancing action is really the equalizing of 
the pressures on the two sides of the valve 
seat at the instant of opening. This is ac- 
complished by a channel in the axis of the 
valve stem. When the valve is closed, the 
upper port of this channel is sealed by the 
diaphragm assembly itself. At the instant 
of opening, the pressure above the seat 
forces the diaphragm assembly upward, ex- 
posing the upper port of the balancing 
channel. The pressure is released through 
the channel to the region below* the seat, 
etjualizing the pressures, thus assuring posi- 
tive opening. A spring-tensioned ball check 
seals the channel for diaphragm inspection. 


Other Im^rtant Feamres are: Oval hand- 
wheel, ports-in-hne, non-rotating bearing plate 
to protect diaphragm from rotating friction of stem, 
and use of multiple puncture and fracture-proof 
diaphragms designed to resist wear and corrosion. 
Available m a complete range of sizes with flare and 
solder connections. 


WING CAP VALVES 

Designed especially 
for Freon and Methyl 
Chloride. Have pat- 
ented rotating self- 
aligning stem disc. 
Special resilient pack- 
ing. May be repacked 
underpressure. Wing 
cap can be inverted 
and socket used for 
operating valve. 



Made of^ non-ferrous alloy to meet government 
specifications. Solder connections machined directly 
m valve body. 


HENRY STRAINERS 
There is a size and type of Henry Strainer 
for every installation requirement. 

Type 895 ‘*Y” Strainer 

With solder 
fittings for 
use with 



steel con- 
struction. Negligible 
pressure drop. Screen 
can be taken out for cleaning 
without removing strainer from 
line. Very large screen area. 
Light weight. BafiSe prevents 
heavy particles mjuring screen. 



ABSO-DRY PRESSURE SEALED DRYERS 


For Refrigeration and Air Conditioning 
The exclusive Henry vacuum process first 
removes every trace 
of moisture, then the 
dr>^er is charged with 
dehydrated air. 
Loosening a seal cap 
prior to installation 
produces hissing 
sound, a guarantee 
of original factory dryness and freedom 
from leaks. 

Other Features of Henry Dryers — 
Perforated Dispersion tube is connected to inlet port 
and exposes entire volume of dehydrant to penetra- 
tion by refrigerant Idtmmum pressure drop. No 
channellmg. Compression Sprtng maintains uniform 
tension on dehydrant at all times and compensates 
for changes in volume Soldered or Flanged Shells— 
models are available with either soldered cap or 
flanged end sheUs. Flange is distortion-proof. 
Sheila not exceeding 5^ in. m length are drawn in 
dies, so that they have only one jomt. 



TWO DEHYDRANTS— Choice of two de- 
hydrants; Activated Alumina or Silica gel. 


Type 757 
Cartridge 
Dehydrator 

Flanged shell dehydrator with replaceable cartridge. 

Tyi)e 743 
Refillable 
Dehydrator 

Screen tube assembly soldered to outlet connection. 
With dispersion tube. 


Type 712 
Dehydrator 

Soldered brass shell with dispersion tube. 





APPROVED FOR ARMY AND NAVY USE 
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Illinois Testing Laboratories, Inc. 

422 North LaSalle Street, Chicago, Illinois 

Manufacturers of 

Pyrometers, Thermometers, Temperature Controllers 
Air Velocity Meters. 



to Irft Side, 


“ALNOR” VELOMETERS 

This instrument measures directly and instantaneously air 
velocities without the use of stop watches or mathematical 
calculations. It will help you to locate drafts and leaks 
around windows and doors, or in duct systems. This instru- 
ment is manufactured in a variety of ranges for many 
different applications, such as for static pressure and total 
pressure measurement, as well as velocities within ducts or 
the face of a grille. 

For accurate velocity readings at exhaust grilles, a new 
type of jet is now offered for use with the Velometer. This 
jet compensates for the change from static pressure to 
velocity pressure at or near the face of the grille. 


“ALNOR” DISTANT READING 
ELECTRIC THERMOMETERS 

This type of Thermometer is used in air conditioning installations, 
as well as heating and refrigeration installations. The instrument 
is mounted in the engine room or in the office of the building, and 
the temperature measuring elements are located in various remote 
points around the building or on the roof, and merely by slipping 
the switch into various positions, the temperatures at these 
remote points are instantly measured. 

“ALNOR” PYROMETERS 

A wide variety of portable and wall mounting Pyrometers is available in the “Alnor” 
line. Temperatures of molten metals or temperatures of heat treating furnaces or any 
surface temperatures can be obtained swiftly, surely and simply by using “Alnor*’ 
Pyrometers. 

Regardless of what your temperature measuring application may be, there is an 
“Alnor” instrument to take care of it for you. 

Ask for an “ALNOR” Catalog 
The Products of 42 Years Experience 



“Alnor’* round type 
multi-point resist- 
ance thermometer 
With built-in switch. 
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Johnson Service Company 

AUTOMATIC TEMPERATURE AND AIR CONDITIONING CONTROL 

General Offices and Factory 

Milwaukee, Wis. 

Branch Offices in all Lar^e Cities 

Johnson Temperature jEIegulating Co. of Canada, Ltd., 113 Simcoe St., Toronto, Ont. 
Halifax, N. S. Montreal, Que. Winnipeg. Man. Calgary, Alta. Vancouver, B. C. 


PRODUCTS AND SERVICES 

Manufacturers, Engineers, and Contractors — For automatic 
tem^rature and humidity control systems applied to all types of 
heating, cooling, ventilating, and air conditioning installations. 

Space Control — Automatic control of room temperatures and 
humidities, applied to radiators, unit ventilators, unit heaters, and 
heat delivery ducts. Johnson “Duo-Stats” to maintain the proper 
relationship between outdoor and heating system temperatures for 
groups of radiators, or “heating zones.” A complete line of devices 
for automatic control of air conditioning systems, heating, cooling, 
humidifying, dehumidifying. 

Process Control — Automatic temperature and humidity control 
devices for manufacturing and industrial processing, applied to tanks, 
dryers, vats, kettles, curing rooms, coolers, kilns, etc. 

Nation-'^de Service — Johnson sales engineers, technicians, and 
trained installation men are available at all branch offices. None of 
the men in the nation-wide Johnson organization are agents, jobbers, 
or part-time representatives. All are salaried employees, devoting 
their entire efforts to the interests of the Johnson Service Company 
and its customers. 

Send for Bulletins describing the detailed characteristics of any 
of the Johnson devices. 

JOHNSON THERMOSTATS 

Room Themiostats — Intermediate (gradual) or positive (snap) 
action, maintaining temperatures accurately within one degree above 
or below point of setting. “ Dual” (two-temperature) and “Summer- 
Winter” types, as well as standard instruments. Various types of 
covers allow wide selection of adjusting features, guards, and method 
of mounting. Red-reading thermometers wdth magnifying tube 
attached to each cover. 

Insertion and Immersion Thermostats — Control temperatures in 
ducts, tanks, and similar locations. High grade insertion or immersion 
thermometers for mounting adjacent to the thermostats, including the 
distinctive Johnson insertion thermometer, with red-reading mercury 
column in heavy lens glass tube and 9-in. scale with patented adjust- 
able tilting feature. Also, separable socket liquid thermometers. 

Extended Tube Thermostats — Mercury or vapor tension type, 
to sense temperatures at a point remote from the location of the 
operating mechanism. Various types of bulbs. Connecting tubing up 
to 50 ft in length for vapor tension, 75 ft for mercury actuated systems. 

Special Thermostats — For applications encountered in industrial 
control, including the “ Record-O-Stat,” combination extended-tube 
temperature controller and recorder. Full 10-in. chart and vapor 
tension or mercury actuated systems. Single or duplex type, the 
latter controlling and recording both wet and dry bulb temperatures. 

Remotely Adjusted Thermostats — A distinctive Johnson feature, 
applied to various types of instruments where readjustment must be 
accomplished from a remote point, such as another thermostat or a 
manual switch. 

Johnson Sensitivity Adjustment— An important development 
in automatic temperature and humidity control for air conditioning. 
A unique and convenient means of adjusting the sensitivity of Johnson 
thermostats and humidostats, on the job, balancing “time-lag” with 
respect to the capacity of conditioning apparatus. “Hunting” and 
temperature fluctuation prevented. Available on all Johnson gradual 
action insertion and immersion thermostats, insertion humidostats, 
and certain room type thermostats and humidostats. 
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Single 

Room Thermostat 



Dual 

Room Thermostat 



Room Humidostat 



Radiator Valve 





Johnson Sertice Company 
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Extended Tube 
Thermostat 



Remotdy Adjusted 
Duct Thermostat 


dJ) 

Modulating Attachment 
’'or Expansion Valves 


JOHNSON HUMIDITY CONTROL 

Johnson Humidostats — Automatically control the supp^ of 
moisture delivered by a humidifier or by other means, maintaining 
a constant percentage of relative humidity. Available in both 
room and insertion patterns and with various types of elements 
as determined by requirements, the most sensitive controlling 
within 1 per cent at relative humidities as high as 95 per cent at 
100 F. Humidostatic elements are wood-strip, human hair, 
animal membrane, or other suitable substances as selected. 

Johnson Humidifiers — “Steam grid” type (perforated pipe 
supplied with low pressure steam) or pan type with copper 
evaporating pan, brass heating coils, and float control. 

JOHNSON VALVES 

Johnson Diaphragm Valves — Simple and rugged. Seamless 
metal bellows and heavy spring operate the valve stem. Avail- 
able, if desired, with diaphragms of special molded rubber, 
resistant to aging, heat deterioration and oxidation. No 
complicated moving parts. Made in all standard sizes and 
patterns. Direct acting (normally open) or reverse acting 
(normally closed). Also, three-way mixing and by-pass valves. 
For steam, water, brine, and freon. 

Johnson “Streamline” Diaphragm Valves — Modulating 
discs and special internal construction, insure superior ^adual 
control . . . Where maximum power is required for repositioning 
at the slightest demand of controlling instruments, Johnson 
molded rubber diaphragm valves are fitted with Johnson’s 
dependable pilot feature, for smooth gradual operation, inde- 
pendent of friction and pressure variations. 

JOHNSON DAMPERS AND SWITCHES 

Standard Johnson Dampers — Steel blades in flat steel 
frames with adequate bracing to form a rigid assembly. Finished 
in two coats of black lacquer. Special corrosion-resisting finishes 
on order. Angle iron frames optional. Special Dampers — 
Galvanized iron, monel metal, aluminum, copper, rust-resisting 
steel, etc. Brass pins in steel bearings or ball bearings. 

Johnson Damper Motors — In principle, similar to valves. 
Seamless metal or specially molded rubber diaphragm operates 
damper through suitable linkage. Various types of brackets. 
Distinctive Johnson “Piston-type” damper motors afford long 
travel at full power, a feature not found in other such devices. 
With or without pilot mechanism, as described above under 
“Valves.” 

Johnson Pneumatic Switches — Various patterns for oper- 
ation of dampers and for placing thermostats and other devices 
in and out of service, as required, from remote points. Standard 
switchboards are oil^ slate. Ebony asbestos, polished oak, and 
genuine or imitation marble on order. 
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Leeds & Northrup Company 

General Office and Works; 4941 StCntOIl AvenUC, Philadelphia 44, Pa. 

Branch Offices: 


Boston 

Buffalo Cleveland 

Chicago Detroit 

Cincinnati Hartford 



Pittsburgh 

Houston St. Louis 

Los Angeles San Francisco 

New York Tulsa 


RUGGED, ELECTRICAL-BALANCE INSTRUMENTS 



^odel S Mteromax Recorder 
Record* Jrom I to 16 point* on a nngle strip- 
eduart Extrerndy open record. Can operate 
signal* (About l/15th siu) 


Model B Micromax Recorder 
Records 1 or g voints on a round- chart 
Has extremely readable dial. Can operate 
signal*. (About l/Uth size) 



Panel Indicator 
Band-operated. Can be 
eonnaded through selector 
switches to any number of 
points (About 1/lBth size) 


Electrical Thermometers for 
Air Conditioning 

No method for measuring temperatures 
fits the specific needs of air conditioning as 
does the three-lead, null- type resistance 
thermometer method. It is independent 
of distance and disregards ail temperatures 
except those right at points of measure- 
ment. Thermohms (electrical resistance 
thermometers) can be placed anywhere — 
in rooms, air ducts or water lines. They 
are connected by simple electrical wiring 
to instruments at a ^ central location. 
Instruments maybe: Micromax Recorders, 
Model S for up to sixteen Thermohms, 
Model R, for related pairs such as wet 
and dry bulb; indicators with switches for 
any number of Thermohms; or indicating 
and recording combinations. 

Sound in principle, reliable in operation, 
instruments and Thermohms are highly 
responsive, yet ruggedly built. A com- 
plete system ^ is economical to install, 
regardless of distances. It is easy to oper- 
ate; requires little maintenance. Therm- 
ohms and instruments are interchangeable; 
can be replaced without disturbing wiring 
or returning anything to the factory. 

L&N Resistance Thermometers make it 
possible to operate efficiently; to maintain 
comfort or correct process atmosphere con- 
stantly ... so that maximum return is 
realized on the conditioning investment. 
Ask for Catalog N-33C. 

Jrl Ad N-225(2) 


Electrical Instruments for the 
Steam Plant 

Facts needed to run a modern heating 
plant so as to save fuel, protect equipment, 
and operate efficiently at varying loads are 
provided reliably by rugged L&N instru- 
ments. Readings can be indicated, re- 
corded, or both. Recorders can be equip- 
ped to operate signals or alarms; in some 
cases to control automatically. 

Micromax Model S provides a per- 
manent record on one wide-scale chart of 
conditions at from 1 to 16 points. Micro- 
max Model R concentrates on conditions 
at one point, provides a permanent record, 
has^ a giant indicating dial. A Panel 
Indicator provides intermittent checks on 
conditions at one or several points. 

L&N equipments for the steam plant 
are described in the following publications : 

Metermax Combustion Control (for large 
plants; central stations) Cat. N-OlM-163. 

Combustion Control, Type P (for in- 
dustrial and smaller stations) Cat. N-OlP-163. 

Micxomax Temperature Instruments (for 
the Steam Plant) Cat. N-33-163. 

Micromax Temperature Instruments (for 
Superheated Steam) Cat. N-33-163 (1). 

Cen trimax Flowmeters, Cat. N-28-160 

Micromax COs, Recorders Cat. N-91-163. 

Micromax Smoke Density Recorders, Cat. 
N-93-163 

Micromax Condensate Purity Instruments 
(for the Steam Plant) Cat. N-95-163. 
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ASHCROFT GAUGE DIVISION 

AMERICAN SCHAEFFER & BUDENBERG INSTRUMENT DIVISION 

Manning, Maxwell & Moore, Inc. 

Bridgeport, Conn. — branches in principal cities 
Makers of AMERICAN INDUSTRIAL INSTRUMENTS— Since 1851 

Manufacturers of IndicatiniL^d Recording Gauges; Gauge Testers; “U” Gauges; Draft Gauges; 
Indicating and Recording Thermometers; Taemometers; Dial Thermometers; Pressure and 
Temperature Controllers; Electric Temperature Controllers; Pop Safety and Water Relief 
Valyes; Steam Traps; Absolute Pressure Gauges. 

Also manufacturers of Bronze, Cast Steel and Forged Steel Valves, Engine 
Room Clocks; Barometers; Mercury Column Gauges; Gauge Boards. 


Ashcroft Gauges — Ashcroft Gauges are 
made in all sizes from 2J^ to 12 in., for 
pressures from 8 02 to 25,000 lb and also 
for vacuum. Cases 
are cast-iron or cast 
brass. The move- 
ments are heavy 
duty and all bear- 
ings are Monel 
Metal. Write for 
Catalog No. A-59. 

Also Duragauges 
— ^accurate to with- 
in of 1 per cent. Stainless steel move- 
ment. In Phenol Cases in 4J^ in., 6 in. 
and 83^ in. dial sizes. 

For Mercury Pressure and Vacuum 
Gauges, “U” Gauges, Draft Gauges and 
Mercurial Barometers, write for Catalog 
B-69. 



Recording Duragauges — Recording 
Duragauges are made for all pressures 
from 15 m. of water to 10,000 lb and for 
vacuum. They are 
made in one size only 
to accommodate a 
10 in. chart, having 
an effective scale 
width of 35 ^ in. The 
case is die cast with 
a dull black hard- 
rubber finish and 
with either bottom or 
back connection. The pen-arm is made of 
non-corrosive monel metal and is of the 
inverted type. Operating instructions are 
lithographed on the chart plate so that 
they cannot be lost. Write for Cata- 
log E-59. 


American Air Duct 
Thermometer-Designed 
especially for both warm 
and cold air ducts. Dull 
black finish, glass front. 
Furnished with 9-in. scale 
graduated 0-160 F. Write 
for Catalog F-59. 





American Recording Thermometers — 
Made for recording temperatures from 
minus 40 to plus 1000 F 
or equivalent C. Veiy flex- 
ible connecting tubing up 
to 200 ft. One size to ac- 
commodate 10 in. chart, 
with an effective scale 
width of 35 ^ in. 

Same case as for the 
American Recording 
Gauge, so that all instru- 
ments are uniform in ap- 
pearance when mounted 
on Gauge Boards. Write 
for Catalog H-59. 

American Dial Thermometers — ^Ameri- 
can Dial Thermometer (mercury-filled) has 
the accuracy of the standard glass tube 
thermometer and the 
reading convenience of a 
dial face. Entire working 
mechanism is made of 
steel, meaning long life. 

Three sizes, ranging 
from 43 ^ in. to 8H in. 
diameter dials. Furnished 
with rigid connection or 
flexible capillary tubing 
up to 200 ft. For tem- 
perature ranges from 
minus 40 to plus 1000 F. 

Write for Catalog G-59. 



America n 
Precision 
Temperature 
Controllers — 
Self-operated. 
For regulating 
temperatures 
from 20 to 
325 F. For hot 
water service 
tanks, water 
heaters, etc. 
Size of valve 
must be speci- 
fied. Write for 
R-59 Bulletin. 
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Minneapolis-Honeywell Regulator Company 

2711 Fourth Ave., So., Minneapolis, Minn. Cable Address: Minnreg, Minneapolis 
Electric or Pneumatic Control Systems for 
Heating, Ventilating, Air Conditioning 

BROWN INSTRUMENTS for Indicating, Recording, ControlHng 
Factories; MINNEAPOLIS, MINN., PHILADELPHIA, PA , WABASH, IND., CHICAGO, ILL. 


Branch Offices or Distributors are located in all principal cities. 


Albuouerque 

AL1.ENTOWN 

Atlanta 

Baltimore 

Birmingham 

Boston 

Buffalo 

Butte 

Charlotte, N. C. 
Chicago 


Cincinnati 

Cleveland 

Columbus 

Dallas 

Davenport, Ia. 

Denver 

Detroit 

El Paso, Texas 

Fairhaven, Mass. 

Hartford 

Houston 


Indianapolis 
Jackson, Mich. 
Kansas City 
Los Angeles 
Louisville, Ky. 
Lowell, Mass. 
Mason City, Io\ 
Milwaukee 
Minneapolis 
New Orleans 
New York 


Oklahoma City 
Omaha 

Philadelphia 
Pittsburgh 
Portland, Me. 
Portland, Ore. 
Providence 
Richmond, Va. 
Rochester, N. Y. 
St. Louis 
Salt Lake City 


San Francisco 

Scranton 

Seattle 

Springfield, Mass. 

Syracuse 

Toledo 

Tulsa 

Washington, D C. 
Wichita 

Worcester, Mass. 


In Canada: Montreal, Toronto, Calgary, London 


In Europe: Amsterdam, Holland; London, England; Stockholm, Sweden 



Eiedric Duct Type 
Temperature 
Controller 



**Moduirol Valve'* 
Electric Control 
Valve 


AUTOMATIC CONTROLS FOR EVERY 
APPLICATION 

Minneapolis-Honeywell manufactures a complete line of electric, 
pneumatic, and self-contained controls and regulators for every type 
of heating, ventilating, and air conditioning installation . I n addition, 
the Brown Instrument Division of Minneapolis-Honeywell manu- 
factures a complete line of indicators, recorders, and controllers for 
Industrial Process applications. 

E^ch of the^ branch offices of Minneapolis-Honeywell maintains a 
staff of experienced engineers who are qualified to give unbiased 
advice on any type of control application and to install and service 
control equipment of any type. They are prepared to assist in the 
writing of specifications and to furnish control layouts and cost 
estimates without charge. 

Minneapolis-Honeywell, with 55 years of experience in the control 
field, is the only company which is prepared to furnish every type of 
control, whether electric, pneumatic, or self-contained for any type of 
installation. This eliminates the necessity of purchasing controls 
from more than one company, which often results in split respon- 
sibility and unsatisfactory results. 


THE MODUTROL SYSTEM OF 
ELECTRIC CONTROL 

The Modutrol System designation is applied to any combination 
of Minneapolis-Honeywell Automatic Electric Controls or Self- 
contained Automatic Valves used to govern the operation of air 
conditioning or heating systems other than the small domestic instal- 
lations. A wide variety of both modulating and two position motors, 
controllers and valves are available thus making the Modutrol 
System extremely flexible as to the selection of control equipment 
to produce the desired results. 
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Minneapolis'HoneyweU Regulator Co. 
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"Gradustat'' 
Fnmmattc Thermostat 


THE GRADUTROL SYSTEM OF 
PNEUMATIC CONTROL 

The Gradutrol System designation is applied to any 
combination of Minneapolis-Honeywell Automatic Pneu- 
matic Controls used to govern the operation of air con- 
ditioning or hating systems. Such features as infinite 
positioning with the Gradutrol Relay and accurate 
graduation of valve and damper motors makes the 
Gradutrol System a truly remarkable advance in pneu- 
matic control of commercial air conditioning and space 
heating installations. 



COMBINATION ELECTRIC AND 
PNEUMATIC SYSTEMS 

The outstanding advantages of both the electric Modu- 
trol System and pneumatic Gradutrol System of control 
may be combined in a single installation. Thus maximum 
flexibility and low installation cost are obtained. Minne- 
apolis-Honeywell ^n offer either an electric or pneumatic 
system, or a combination of the two. This is your guaran- 
tee of an unprejudiced recommendation. 

BROWN INSTRUMENTS 


** Grad^U~Valve** 
Pneumatic Contrd 
Valve 



** Crad-U-Motor^* 
Pneumatic Damper Motor 


The extent to which air conditioning equipment is 
being used in office buildings, theatres, stores, industrial 
buildings, etc., has opened up a wide demand for indicating 
and recording resistance thermometers because the temp- 
eratures throughout these air conditioning systems 
should be checked periodically in order to obtain the be^ 
results at minimum operating cost. To obtain uniform 
conditions from modem equipment, it is necessary that the 
engineer in charge of operation have a visual picture of 
actual conditions 

Brown Resistance thermometers are available for indi- 
cating, recording, and controlling service and are applicable 
to all types of air conditioning and space heating instal- 
lations. 

In addition to Resistance Thermometers, The 
M-H Brown Instrument Division manufactures: 

Thermometers Flow Meters 

Hygrometers CO2 Meters 

Pressure Gauges Tachometers 

Vacuum Gauges Liquid Level Gauges 

Potentiometer Pyrometers Protectoglo System 



Brown Pacording Resistance Thermometer 


RESPONSIBILITY FOR ENTIRE 
CONTROL SYSTEM 

Minneapolis-Honeywell Regulator Co. is equipped 
to assume the entire r^ponsibility for any control 
installation, thereby eliminating the difficulties and 
misunderstandings which division of responsibility 
may create. 
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The Mercoid Corporation 

Main Office and Factory, 4201 Belmont Avenl-e, Chicago-41, Illinois 
New York Office, 393 7th Ave. Philadelphia Office, 3137 N. Broad St. 

AUTOMATIC CONTROLS FOR HEATING, AIR CONDITIONING, 
REFRIGERATION AND VARIOUS INDUSTRIAL APPLICATIONS 



FOR PRESSURE & TEMPERATURE 



These controls have a 
wide range of applica- 
tions. They are noted 
for their accuracy and 
dependable performance. 
The outside double ad- 
justment feature and 
visible dial eliminate all 
guesswork when setting 
the operating range. 


VISAFLAME 

The Mechanical Eye Actuated 
by Light. A positive safety con- 
trol systein for domestic and in- 
dustrial oil burners. Operates 
direct from the light of the flame 
instead of from heat in the stack. 
Tried and proven to be the most 
practical method for dependable 
oil burner performance. 



OIL BURNER SAFETY CONTROLS 

Type JMI provides posi- 
tive protection against 
flame or ignition failure on 
intermittent ignition oil 
burners. This control in- 
sures having ignition cir- 
cuit closed before every 
starting operation of 
burner. Type JM is used 
for constant ignition 
burners. 



THE ONLY 100% MERCURY 
SWITCH EQUIPPED CONTROLS 

The distinguishing feature of Mercoid 
Controls is the exclusive use of Mercoid 
hermetically sealed mercu^ switches. 
These switches are not subject to dust, 
dirt or corrosion, thereby assuring better 
performance and longer control life. The 
items shown below are but a few miscel- 
laneous items. See Catalog No. 600 for 
complete line. 

MERCOID THERMOSTATS 
Mercoid low voltage room thermostats are 
known by their trade name Sensatherm. 
They operate on a total dif- 
ferential of 1 degree F. Type H 
is the regular popular room 
thermostat. T 5 rpe DNH is a 
hand wound day and night 
Sensatherm. Type HBH is the 
two-stage type for control of 
high-low oil or gas burners. 
Recommended also for stokers. 

Type 855 is designed for direct line voltage 
applications recommended for unit heaters, 
air conditioning, etc. 

LOW WATER CONTROLS 
Available also as a 
combined low water 
and pressure control to 
prevent firing into a 
dry boiler or building 
up excess pressure. 

There are a number of 
different types for 
various requirements. 

The illustration shows 
type provided with 
uick-hook-up fittings 
esigned in accordance 
with the AS.M.E. code. 

STOKER TIMER CONTROLS 
Type TV2 Stok-A-Timer 
combines a Mercoid 
Transformer-Relay and a 
sjmchronous motor timer 
mechanism for maintain- 
ing the stoker fire during 
periods when thermostat 
is not calling for heat. 

Interval adjustment can 
be set for hour or 1 hour 
merely by moving a lever. 
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The Meriam Company 

1947 West 112th Street, Cleveland, Ohio 

Representatives in Principal Cities 

MANOMETERS, METERS AND GAUGES FOR ACCURATELY MEASURING PRESSURES, 
VACUUMS AND FLOWS OF LIQUIDS AND GASES 



Clean Out 
U-Type 
Manometer 



Meter 


U-TYPE MANOMETERS 

For measuring pressure, 
vacuum or differential from 
only a few ounces to many 
pounds. 

In the Clean Out design 
(patented) the Pyrex U-tube 
and housing can be discon- 
nected from the head and 
cleaned without disconnecting 
the piping. Available in 8 sizes 
from 6 in. to 50 in. for pressures 
up to 100 lb per sq in. 

Gland Packed type available 
for 250 lb per sq in. Write for 
Bulletin 1. 


FLOW METERS 

The H-Type Flow Meter — 
Illustrated at the left is a direct 
reading well type manometer 
for measuring the flows of 
liquids, gases and steam across 
calibrated plates inserted in 
the line. The single straight 
Pyrex glass tube is gland 
packed top and bottom. Over- 
flow well prevents indicating 
fluid from being blown into 
the line if the differential pres- 
sure should exceed the meter's 
range. ^ Plain or flush type 
mounting for line pressures up 
to 250 lb per sq in. Send for 
Bulletin 18, 



6 In, 
Mercury 
Pressure 
Gauge 


MERCURY 
PRESSURE GAUGES 

For measuring low range air 
and gas pressures. Gauges are 
direct reading and so designed 
that the mercury can not be 
lost from the gauge either 
through spilling or over- 
pressuring. 

Available in 3 and 6 in. sizes 
to measure 22 oz and 48 oz 
respectively. Unit scale gradu- 
ations are in ounces. Each 
gauge is furnished complete 
with pet cock and necessary 
mercury. 


per sq in, 


WELL TYPE 
MANOMETERS 

For measuring pressure and 
vacuum, and differential directly 
from the scale, using 
water, red oil or 
mercury, without 
adding distances 
above and below 
reference zero. 

Model A-203— 
Furnished in wall, 
table and flush front 
mounting styles. 
Ranges 30 in. to 
100 in. for pressures 
up to 250 lb per 
sq in. 

Model A-275— 
Furnished in wall 
mounting and flush 
front styles only. 
Ranges from 6 in. 
to 24 in. for pres- 
sures up to 150 lb 
Send for Bulletin B, 



DRAFT GAUGES 



Single Tube Draft Gauge 


Model GP Draft Gauges take accurate 
readings of low pressures, vacuums and 
differentials in fractional inches of water. 
Furnished in single tube, also in 2-tube 
and 3-tube models for taking multiple 
readings on the same gauge. Send for 
Bulletin No. 4- 



Gauge 

Pulsation 

Absorber 


GAUGE PULSATION 
ABSORBERS 

The Gauge Pulsation Ab- 
sorber provides a simple, effec- 
tive method of preventing 
* ‘hammer" and pulsing flow in 
a line from affecting the ac- 
curacy of gauge readings, and 
protects the gauge from 
damage. Send for Bulletin 
No. 2. 
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The Palmer Company 

Main Plant: 2506 Norwood Avc., Cincinnati (Norwood), Ohio 

Canadian Factory: King and George Sts., Toronto 

Manufacturers and Originators — “Red-Reading-Mercury” Thermometers 


RECORDING THERMOMETERS 


“RED-READING-MERCURY” 


Mercury' Actu- 
ated. 12 in. die- 
cast aluminum 
case. Wrinkle or 
Satin finish. All 
parts are rust- 
proof. Flexible 
armoured tubing 
and bulb of stain- 
less-steel. Fit- 
tings: Plain, 
Union, Separable- 
socket and adjust- 
able or union 
flange. All ranges 
up to 1000 F or 
550 C. Guaranteed extremely accurate 
and sensitive. Every part strengthened 
for long and satisfactory service. Write 
for Bulletin No, tSOO, 


DIAL THERMOMETER 

Mercury Actu- 
ated. 8 in. case. 

Black rubberized 
finish. Flexible 
armoured tubing 
and bulb of stain- 
less-steel. All parts 
are rust-proof . Fit- 
tings: Plain, Union, 
Separable-socket 
and Adjustable or 
Union flange. All 
ranges up to 1000 F 
or 550 C. ^ Guaran- 
teed sensitive and 
accurate and to give long and satis- 
factory service. Write for Bulletin 
No, 1500, 


WALL 

HYGROMETER 
and SLING 
PSYCHROMETER 

Wet and Dry 
bulb; Mercun^ 
tube, with RED 
column. Chart 
furnished. Guar- 
anteed sensitive 
and accurate. 
Send for Bulletin 
No, 500, 





Industrial Thermometers — 
These mercury tubes will show 
a bright RED color, visible at 
a great distance. The color is 
reflected and cannot fade. 
(Patented by Palmer). Thor- 
oughly annealed and guaran- 
teed permanently accurate. 
Costs no more. STRAIGHT, 
ANGLE, SIDE - ANGLE, 
RECLINING AND IN- 
CLINING Case, OBLIQUE 
STEM, etc. 7, 9 and 12 in. 
case, with or without glass 
front. Standard in. stem 
and longer lengths. Fittings: 
Fixed Thread, Union, Sepa- 
rable-socket and Adjustable 
or Union Flange. All ranges 
up to 750 F or 400 C. For 
ranges up to 1000 F or 550 C, 
with plain mercury tube, borosilicate glass. 
Write for Catalog No, 200- F, 


REPAIRS — ^To all makes of Industrial 
Mercury Thermometers, furnishing Red- 
Reading-Mercury" tube, at no extra cost 
and replacing all worn or broken parts, 
making the thermometer as good as new. 
Guaranteed accurate. A trial order will 
convince you. 


LABORATORY THERMOMETERS 

plass engraved mercury tube; shows 
bright RED column ... so easy to see. 
With or without metal armour; Round 
or Lens glass; ranges 
to 750 F. or 400 C. 

Plain mercury tube 
borosilicate glass 
on ranges 1000 F. 

_ or 550 C. Correctly 

a B annealed and guar- 
ra teed accurate. 


POCKET THER- 
MOMETERS ... for 
quick tests. Reliable 
and accurate. With 
RED column. 


~ 20 + 120 F. 

0 -h 220 F. 

Write for Catalog No, 
SOO-D, 


1038 





Controls and Instruments 


Penn Electric Switch Co. 

Goshen, Indiana 

Offices 

New York, Boston, Newton, Mass., Philadelphia, Detroit, Dayton, Chicago, Moline (III.), 

St, Louis, Atlanta 

Export — 100 Varick St., New York City 

Representatives — Garland-Affolter Engrg. Corp., San Frandsco, Los Angeles, Seattle, Portland; 
Specialty Sales Co., Salt Lake City; FoRSLinro Pump and Machinery Co., Kansas City; Vincent 
Brass and Copper Co„ Inc., Minneapolis; D. J. Bowen, Dallas; H. M. Olmstead, Denver. 

In Canada — ^Powerlite Devices Ltd., Penn Electric Switch Div., Toronto, Ont, 
Distributors and Jobbers in All Principal Cities 

Automatic Controls for Heating, Refrigeration, 

Air Conditioning, Pumps, Air Compressors 



Tem^Clock 



Oil Burner 
Stack Switches 


Temtrdls 



Solenoid 
Gas Valves 


Temperature 
and Humidity 
Controls 

For control of tempera- 
tures and humidity in 
heating, cooling^ and air 
conditioning equipment. Humidistat 



Combustion 
Controls 
for all Fuels 

For automatic fuel burn- 
ing equipment, and for 
stack combustion control. 



Damper 

Motors 



Heavy Duly 
Thermostats 


e 

Stoker 

Timer Relays 


f Boiler 

and Furnace 
Controls 

For feedwater, steam pr^- 
CuUoffsand Steam Pressure sure, liquids and warm air. 
Feeders Controls 




Liquid Immer- Warm Air 
Sion Tempera- Bonnet 

ture Controls Controls 



Refrigeration Water and 
Compressor Refrigerant 

Controls Solenoids 


Many Others 

For control of refrigerants, 
water and air; and for 
pumps and compressors. 



Pump and Air 
Compressor 

Water Valves Controls 


Write for catalog on Penn Controls to 
cover your particular applications, or 
'phone the nearest Penn office or repre- 


sentative. Penn engineers always are 
available for consulation on control prob- 
lems, without obligation, of course. 


Penn control engineers have simplified design and 
production problems for others! Let them assist you. 
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The Powers Regulator Co. 

Over 50 Years of Temperature and Humidity Control — Offices in 47 Cities 


New York City, 231 East 46th St. — Chicago, 2719 Green view Ave — Los Angeles, 1808 W Eighth St. 
Boston, 125 St. Botolph St. — Philadelphia, 2240 N. Broad St. — Greensboro, Jefferson-Standard Bldg. 
Atlanta. Bona Allen Bldg — Detroit, St. Louis, 2726 Locust St — Cleveland, 

Boulevard Bldg. — Cincinnati, American vJVLCaPv 2012 West 25th St. — Kansas City, 409 East 
Bldg. — New Orleans. Balter Bldg. 13th St. — Seattle, 500 First Ave, S. 

Dallas, 2438 Brandon St 


A very complete line of 
compressed air operated and 
self-operating temperature, hu- 
midity and air flow controls for 
automatically regulating heat- 
ing, cooling, ventilating and air 
conditioning systems and in- 
dustrial processes. 



SELF OriRATEB '= 


PQUJERS 







SRf 






Over 50 years of experience in furnishing and installing temperature 
and humidity control for every conceivable purpose in all types of build- 
ings have given us a wealth of experience from which you can draw in 
selecting the proper type of control for any purpose. 

Catalogs and Bulletins describing any or all of our products furnished upon 
request* Phone or write our nearest office. See your phone directory* 
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Spence Engineering Company, Inc. 

28 Grant Street, Walden, N. Y, 


SPENCE METAL DIAPHRAGM ‘‘DEAD END” REGULATORS 
Advantages of Spence Regulators 
Dead-end Shutoff — Spence Regulators SECO Metal — Guaranteed to resist the 

are guaranteed to hold a dead-end. wiredrawing action of steam. 

Spence design makes Interchangeable Pilots — Any type of 
^^^e^izes single seat even in pilot will fit any size main valve. 

^MVtar'Diaphragms-Under normal AccessibUity-Pilot is connected to 
conditions never require replacement. main valve with unions. 

Accurate Regulation — Regardless of No Stuffing Boxes — All main valves 
fluctuations in either load or initial pressure, and most pilots are packless. 

Spence Weather Compensator and Orifice Zone Control System 



This simple, dependable Control, 
when installed on a properly de- 
signed orificed heating S3^tem, will 
show a substantial degree-day steam 
saving, at a low maintenance cost. 

The delivery pressure of the 
Regulator is automatically adjusted 
in direct proportion to the building 
heat losses. In other words, as the 
losses become greater, steam pres- 
sure on the system is automatically 
increased. 

Any number of zones can be con- 
trolled by one automatic Signatrol, 
automatic Wind Loss Conipensator 
(Anemometer), Time Switch and 
Master Control Panel equipped with 
Manual and Automatic Dials for 


each zone. In this way each zone 
can be set individually and at the same time be under the Master Control. 



Pressure Regulator — 
Type ED 

Designed to regulate ^ a 
steady or varying initial 
pressure so as to maintain a 
constant, adjustable, de- 
livery pressure. Applica- 
ble to heating systems, 
power plant operations, or 
manufacturing processes. 


Combined Temperature 
and Pressure Regulator 
—Type ETD 
Self-contained, pilot oper- 
ated, dead-end. Designed 
to control flow of fluid to a 
heating or cooling element, 
so as to maintain a constant, 
ad j ustable temperature, and 
protect the element against 
excessive pressure. 


Electrically Operated 
Valve — ^Type EM 
Can be opened or closed 
independently by an elec- 
trical switch. 

Type ET — Same as ETD 
except pressure control is 
omitted. 

Order a SPENCE Regula- 
tor for 40 days’ free trial. 


Fall-O-Matic Universal Pipe Intersection Cutter. 


1041 








Controls and Instruments 


nija4jJ4)r In4i^^ ComjuuiUA 

Rochester, N. Y., U. S. A. 

IN CANADA — ^Taylor Instrument Companies of Canada, Ltd.. Toronto 

NEW YORK LOS ANGELES ST. LOUIS DETROIT 

CHICAGO PITTSBURGH BALTIMORE CINCINNATI ATLANTA 

BOSTON CLEVELAND SAN FRANCISCO TULSA MINNEAPOLIS 

PHILADELPHIA Manufaduring Disirthdors in Great Britain, Short & Mason, Ltd. London WILMINGTON 

Taylor Instruments for Indicating, Recording and Controlling 
Temperature, Pressure, Humidity, Flow and Liquid Level 


easily 


Taylor Industrial Thermom- 
eters — with new “BINOC” 
Tubing — Includes many styles 
and scale ranges with bulbs for 
every application. These ther- 
mometers contain a new and 
radical development of tremen- 
dous importance — '^BINOC'^ 
T ubing. This newly designed and 
optically correct glass tubing 
assures an ease of reading that 
has been generally lacking in 
industrial thermometers. 
'^BINOC” Tubing more than 
doubles the angle of 
vision within which 
readings can be made. 
Because of the patented Triple- 
lens construction its broad 
mercurj* column can be read 
and accurately w’ith both eyes. 


Bore reflection is absent. 

Taylor “BINOC” Pocket Test 
Thermometer — Ideal for frequent 
testing of important temperatures. 
Taylor patented BINOC” Tubing 
eliminates juggling and guesswork. 

High accuracy — Easier to Read. 

The New Taylor “Fulscope” 
Recording Controller— An air-operated 
controller that gives practically any 
character of process control regardless of 
time lag in apparatus. 

Av’^ailable for controlling temperature, 
pressure, humidity, rate of flow, liquid 
level. Where extreme load changes or 
badly balanced 
operating condi- 
tions exist, preci- 
sion control can 
be maintained 
by the automatic 
reset feature. 
For applications 
where a record 
is not needed, 
Taylor supplies 
an Indicating 
"Fulscope"' Con- 
troller. 





Hill 

mm 




Taylor Biram’s Anemom- 
eter — Ideal for measuring 
air velocities with the fan 
revolutions indicated on the 
dial. Various models for a 
wide range of air speeds 
and registration limits. 

Taylor Re- 
cording Hy- 
grometer — 

Records both 
wet- and dry- 
bulb tempera- 
tures on the 
same chart in 
different color- 
ed inks, mak- 
ing comparison 
very easy. 

Type shown 
has motor- 
driven fan for conditioned rooms or pass- 
ages where circulation is poor. Furnished 
without fan for installations where circula- 
tion across bulb is good. 

Taylor Sling Psychrom- 
eter — The advantage of 
this form of Wet- and 
Dry-Bulb Hygrometer over 
the stationary form is the 
facility with which tests can 
be made and the accuracy of 
the readings obtainable, as 
the whirling bulbs are sub- 
jected to perfect circulation. 
Two accurate etched stem 
thermometers are mounted on 
a die-cast frame, with the 
bulb of one covered with a 
wick to be moistened. 

These thermometers have 
scales of 20 to 120 degree F, 
graduated in J^-deg divisions. 
A copper case protects the 
tubes when not in use 

Taylor also offers a complete line of the 
famous Taylor Recording and Dial 
Thermometers, Self-Acting and Type 
“P” Controllers, the 10-BG Hygrome- 
ter and many types of Humidiguides. 
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MlllEB miE§ 



r 


OAuoe CO. 


%uuyidjirv^ QauxjJiA. 


14 WALL STREET 


NEW YO R K 5, N. Y. 


factory SeLLBRSVlULE FeNNSYLVANIA 
• ranches new YORK CHICAGO FHILAOELFHIA 
BOSTON CLEVELAND DETROIT • ST LOUIS 
HOUSTON SEATTLE LOS ANOELES MONTREAL 


U. S. GAUGES — U. S. Gauges are made in all standard 
sizes from 2 in. to 12 in. dial inclusive for pressures up to 
50,000 lb and for vacuum. Gauges may be supplied with 
cast-iron, cast-brass, drawn steel, or drawn brass cases for 
wall mounting or flush mounting. For severe service 
requirements we can supply long wearing hardened steel 
movements or bushed movements. 

For service on Steam Heating Systems the following 
gauges may be supplied — 

Steam Gauges . . . Compound Pressure and Vacuum Gauges 
. . . Retard Gauges . . , Compound Retard Gauges 
. . . Steam Gauges with Internal Siphons. 



For service on Hot Water Heating Systems the 
follovnng instruments and gauges may be supplied — 
Altitude Gauges . . . Tank-in-Basement Gauges . . . 
Altitude and Pressure Gauges . . . Combination Altitude 
Gauges, and (a) Bimetal Thermometers, (b) Glass Tube 
Thermometers, (c) Vapor Tension Distance Type Ther- 
mometers . . . Glass Tube Hot Water Thermometers. 

U. S. RECORDING GAUGES^U. S. Recording Gauges 
are supplied in in., 10 in. and 12 in. sizes for pressures 
up to 50,000 lb and for vacuum. These Recording Gauges 
can be supplied with either cast-iron or cast-brass cases 
for wall mounting or flush mounting. Pen arms are made 
of non-corrosive metal. Especially designed clock move- 
ments are used. Charts can be furnished for customary 
time periods. 

U. S, DIAL THERMOMETERS— U. S. Dial Ther- 
mometers are of the vapor tension type with open scale 
reading in the center and upper portion of the scale, or of 
the glass filled type with even scale reading. Cases may 
be cast-iron, cast-brass, drawn steel, or drawn brass for 
either wall or flush mounting. Supplied in all standard 
sizes from 2 in. to 12 in. dial inclusive, for temperature 
ranges from minus 40 deg F to 800 deg F. Furnished with 
rigid connection bulb or with bulb at end of flexible 
capillary tubing up to 100 ft long. 
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White-Rodgers Electric Company 

1293 Cass Avenue, St.Louis, Mo. 

NEW YORK CITY CHICAGO PHILADELPHIA CLEVELAND 

SAN ANTONIO LOS ANGELES SAN FRANCISCO SEATTLE 

Distributors in Principal Cities 



Ltnt voltage Ther- 
mostat for Unit 
Heater and Air- 
Conditioning In- 
stallations, 



Single speed fan 
control-cover re- 
moved showing 
visible dial. 



Steam Pressure 
Control — for safety 
limit service. 



Low Voltage Room 
Thermostat — an- 
ticipating type. 


PUT “HYDRAULIC ACTION” 
TO WORK FOR YOU 



The powerful, uniform expansion and con- 
traction of a solid liquid charge against a 
stainless steel diaphragm, combined with the 
mechanical simplicity of White-Rodgers Con- 
trols contributes these important features to 
the field of automatic temperature control: 


Explosion-Proof 
Thermostat for 
hazardous locations 
— remote type. 


1. Visible, uniformly calibrated dials, 

2. Easily set differential adjustor. 

3. Fast acting thermal elements, 

4. Combination controls with indepen- 
dently adjustable switches. 

High capacity switch — the tremendous 
force available with Hydraulic Action has 
resulted in a sturdy switch with Underwriters’ 
approved rating of hp 240 v AC, 1 hp 
120 V AC. 

Take advantage of Hydraulic Action on 
your next installation. Specify White-Rodgers 
Controls. The latest condensed control cata- 
log is awaiting your request. Write for it 
today! 



Dual Immersion 
Control — Limit- 
Circulator or 
Summer-Winter 
service 



Solenoid Gas 
Valve — High 
plunger torque and 
silent operation. 


Diaphragm Gas Valve with 
puff bleed and huiU-in me- 
chanical limit control. 
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^a rnes ej ones 

129 Brookside Avenue Boston, Mass. 

Nev? York Office: 101 Park Avenue 

Barnes & Jones Vapor and Vacuum Systems of Steam Heating; Modulation 
Valves; Adjustable- Orifice Radiator Valves; Packless Quick-Opening Radiator 
Valves; Thermostatic Radiator Traps; Thermostatic Trap Replacement Units; 
Gondensators (Boiler Return Traps); Float and Thermostatic Traps; Strainers; 
Damper Regulators; Gages; Systems of Zone Control for Steam Heating. 
Complete Catalog on Request 

To comply with limitation orders of W P.B., cast-iron has been substituted for critical materials wherever 
possible. B & J quality has been maintained where required changes have been made. 


Modulation Valves, Type K — Packless 
Quick Opening Valves, Type F 

Types K and F 
Valves have non- 
tarnishable indicat- 
ing dial, non-rising 
stem, renewable 
disc seat. Tail piece 
extra heavy. Extra 
long to facilitate 
installation. Three 
models: lever 
handle, wheel handle, lock shield. Type F 
Valve furnished with wheel handle only. 

Ty pe K Valve 


Thermostatic Radiator Traps 
Sturdily made to 
precision standards. 

^nsitive in opera- 
tion. Provide in- 
stant discharge of 
air and water, pre- 
vents passage of 
steam. Contains 
unique Cage Type 
Thermostatic Unit, 
which carries its own thermostatic element, 
valve piece and valve seat, factory cali- 
brated and locked in correct adjustment. 


Trap No 

120 

nn 

123 124 

134 

nr 

14 




Cap. Sq Ft Rad.* 


Type F Valve 






♦Based on 2 oz pressure differential. 

Adjustable Orifice Valves, Type H 
May be adjusted for 
different capacities 
after installation. At 
all times provides in- 
dication of the adjust- 
ment. Operation is 
quiet. Unauthorized 
tampering with ad- 
justment is virtually 
impossible. 

t Gondensators 

For returning water 
of condensation to 
boiler from open re- 
turn line systems 
independently of 
boiler pressure, 
^ j without change in 

operating condi- 
tions, air binding , or admitting steam to 
the return side. 


Cap. Sq Ft Rad V . . . 700 1600 3500 6000 10.000 16.000 



W] 


'H 

|4HBb 




♦Based on 2 lb pressure differential. 

















Heating Systems • sot water 


Bell and Gossett Company 

Morton Grove, Illinois 

HOT WATER SYSTEMS AND SPECIALTIES 


B & G Forced Hot Water vaivs 
H eating Systems 
To a postwar world 
demanding improved 
w’ays of doing old things, 

B & G Forced Hot Water 
Heating contributes 
better heating at lower 
installation and operating cost. 

It is a system in w^hich the heat 
input is accurately and auto- 
matically controlled to equal the 
heat loss. Water can be circu- 
lated through a long range of 
temperatures, hence permits 
close adjustment of the heat 
supply to the actual need for 
heat. Operating equipment is 
extremely simple — ^an assurance 
of dependable performance. 


fti 6 COMKESStON lANC 




B & G Booster 

An electrically-driven centrifugal pump, used to me- 
chanically circulate water through B & G Forced Hot 
Water Heating Systems. It is distinguished by genuine oil 
lubrication, patented water-tight seal and precision manu- 
facture throughout. 


B & G Universal Pumps 
The B & G Universal Pump is designed for 
large forced hot water heating systems in 
apartment buildings, office buildings, factories, 
schools, etc. The installation can be operated 
as a large single zone or divided into several 
zones in which circulation of the pumped 
water in each circuit is controlled by a B & G 
Motorized Valve, operated by a zone ther- 
mostat. 




B & G Ai^le Flo-Control 
Valve 

This valve, installed in the 
main, shuts off circulation to 
radiators when heat is not 
needed, permitting summer 
operation of a B & G Indirect 
Water Heater. It also helps 
maintain a uniform room tem- 
perature during the heating 
season. 


B&G 
Motorized 
Valves 

Thermostatical- 
ly operated valves 
used for control- 
ling boiler water flow through 
the individual circuits of zoned 
heating systems. 




B&G Monoflo Fitting 

B&G Monoflo Fittings permit the use of a single pipe main instead 
of the conventional flow and return lines. It is installed at the junction 
of the radiator risers to the single main and assures the diversion of the 
proper amount of heated water into each radiator. Savings in space, 
labor and materials are obviously effected. 


SEE THE B&G HANDBOOK FOR COMPLETE DESIGNING DATA 
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Bell and Gossett Company 


Heating Systems 


Hot Water Heating 
Heat Transfer 


HOT WATER SYSTEMS AND SPECIALTIES 


B & G Relief Valves 
For relieving excess 
boiler pressures in hot 
water heating systems, 
and in the lines of service 
water systems. B & G 
Relief Valves have the 
design features which as- 
sure dependable service. 


B & G Reducing Valves 
Fast operating valves 
for keeping hot water 
heating systems properly 
filled. Easily adjusted to 
meet varying building 
heights. Also high pres- 
sure reducing valves for 
protection of plumbing 
fixtures. 





B & G Compression Tanks 
Essential equipment for closed hot water heating sys- 
tems. Expansion of heated water is taken up by the tank, 
providing a cushion of compressed air against sudden 
pressures and water hammer shocks. On high temperature 
installationsj the Tank develops sufficient pressure to 
prevent boiling of the water in the system. 


B & G Indirect Water Heaters 

Any steam, vapor or hot water heating boiler 
can be equipped with a B & G Indirect Water 
Heater. With the proper electrical controls, 
the Heater will furnish an ample supply of hot 
water, winter and summer , at very low operating 
cost. Heater must be used with a storage tank 
of suitable capacity. 




B & G Steam Convertors 

Extensively used when steam 
is required in the factory for 
power or process work, but where 
the benefits of mechanically circu- 
lated hot water are desired for the 
heating system. Steam is passed 
through the convertor shell, 
heating the water circulated 
through the tubing. 


Instantaneous Water Heaters 
For heating water with steam. 
Ideal for industrial plants or 
wherever large volumes of hot 
water are required continuously 
for service water supply or pro- 
cess work. No storage tank re- 
quired — the large heat transfer 
surface in these units heats 
water instantly as needed. 




B & G Centrifugal Pumps 

Design and construction based on 
years of experience in the industrial 
field. Rugged, compact units — 
built to stand up under the strain of 
continuous operation. Available 
with semi-open or enclosed impellers 
— motors flexible coupled or integral 
with pump. Send for Catalog. 


Send for Your Copy of the B & G Handbook 

A single authoritative source of information on the design and 
installation of Forced Hot Water Heating Systems and Service Water 
Heating Systems. Packed with data and tables of every day value. 
Your copy will be sent on request. 
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C. A. Dunham Company 

Administrative and General Offices 

450 E. Ohio Street, Chicago 11, 111. 

Factories; Marshalltown, Iowa; Michigan City. Ind.; Toronto, Canada; London, England 
TORONTO 4, 1523 Davenport Road. LONDON, Morden Road. S.W.19 


THE DUNHAM DIFFERENTIAL HEATING SYSTEM 

The Dunham Differential Heating System, circulating sub-atmospheric 
steam, maintains desirable temperatures throughout a building by automatic 
control of both steam temperature and steam volume. 

The system is a simple two-pipe system in which all the essentials of circu- 
lation, distribution and control are co-ordinated. Control of the temperature 
of the steam is accomplished by controlling the pressure or vacuum of the 
steam in the supply piping and radiators to balance exactly the heat input 
with building-heat-loss. 

THE DUNHAM ^^Fzc^ory Line^^ 

VAPOR AND VACUUM HEATING SPECIALTIES 


DUNHAM ^‘VICTORY” RADIATOR TRAP 
For Operating Pressures Up to 15 Lbs. Gage 

Cast iron body and cap. Thermostatic element is phosphor bronze. Valve and valve 

seat are cuprous alloys. Thermostatic elements 
are interchangeable in covers without gages. 
“Victory Line“ covers and disc assemblies are 
interchangeable with standard traps. 

Connections are female left-hand threaded 
inlet and female right-hand threaded outlet. 


I-: "-D 

— H L H PIPE TAP, 

1 

1 

/ 



/ 1 

C 

L in- 


T 
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R R PIPE tap/ I 




Fig, SS95 


"Sr 

i 

Size 

In. 

Patt, 

No. 

Tap- 

ping 

In. 

Cap. 
Sq Ft 
EDR 

Net 

Wgt. 

Lbs 

Dimensions 
in Inches 

A 


c 

D 

VIA 

V2B 

V3A 

1 

AP 

AP 

AP 

Jj 

200 

400 

700 

Ji 

2V4 

1% 

JI 

2 % 

2% 

25/8 

2% 

3kfi 



Fig. SS94 


DUNHAM “VICTORY” RADIATOR 
VALVE (SPRING PACKED) 

Non-rising handle and low bonnet. The body 
and bonnet are cast iron, handle is non-breakable, 
heat resisting composition. Other construction 
features: Quick opening with less than one turn 
of handle; heat-resisting graphited asbestos ring 
with metal core. Held under compression by 
heavy coil spring to maintain tight seal around 
valve stem; ball joint insures perfect seating when 
valve is closed on rounded valve seat; high 
quality renewable composition disc. 

Made in and 1-in. sizes angle pattern only 
with tapped right-hand female inlet, left-hand 
female outlet. 


Type No 

Size 

Inches 

Dimensions in Inches 

Net 
Weight 
in Lbs 

A 

B 

c 

V740 

V740 


m 

Ws 

Wa 

lit 

in 
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Specialties 


DUNHAM PUMPS 

Tested and Rated with A.S.H.V.E. Code and Code of Vacuum Return Line Heating 

Pump Manufacturers’ Section of Hydraulic Institute. 
Vacuum Pumps 

Types DV and DVD — Capable of maintaining whole 
systems under vacuums as high as 25 in. Built in 9 
sizes. Capacities 2500 to 65,000 sq ft EDR. 

Types VR and VRD — Meets all code tests for air and 
simultaneous air and water handling capacities. No 
moving parts or close clearances in ejdiauster unit. 
Built in 9 sizes. Capacities 2500 to 65,000 sq ft EDR. 
Condensation Pumps 

Pump and motor assembled on rigid cast iron base. 
Bronze fitted centrifugal pump has non-corrosive shaft. 
Enclosed type Impeller. Liberal size ball bearings. 

Type CH-Model B, Single and Duplex — Capaci- 
ties 2000 to 50,000 sq ft EDR; 60 cycle d.c. or a.c. 
1750 rpm; 25 or 50 cycle a.c., 1450 rpm. 

Type CHH-Model B, Single and Duplex — Capaci- 
ties same as type CH. Discharge pressures 20 lb for 
pumps 15,000 sq ft and larger; 20, 30, 40, 50 and 70 lb 
discharge in all sizes. 60 cycle d.c. or a.c. 3450 rpm; 
25 or 50 cycle a.c., 2850 rpm. 

Type CV— Capacities 2000, 4000, 6000, 8000, 10,000, 
15,000, 20,000 and 25,000 sq ft EDR; and discharge 
pressures 10 to 50 lb. Motor shaft through cover in liberal size packing gland eliminates 
possibility of moisture rising into motor float mechanism. Also packless type. 



Types VR and DV 




Type CH, Model B, shown. Type CHH, Modd B, similar 
to CH, Model B, available in both Single and Duplex. 

DUNHAM UNIT HEATERS 

Type C — A specially designed unit heater for industrial and com- 
mercial applications. Designed for discharging large volumes ^ of 

heated air downward to working 
, levels, distributing heat evenly over 

large areas. Built in various sizes 
up to 2000 sq ft EDR. Four types 
of diffusers. 

Type R — Blower type unit for in- 
dustrial and commercial applica- 
tions. Available in standard sizes. 

Type C each with various combinations of Btu and cfm output. Floor, 

wall and suspended types, with and without by-pass or mixing 
dampers. All sizes and types — belt drive only ^ 

Type V — Horizontal propeller fan type. Built in various 
sizes up to 1200 sq ft EDR. 



Type V 




Type R— With Mixing Damper Type R — Wall Type Type R- 
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-Ceiling Type Type R — Inverted Wall Type 
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DUNHAM TYPE OTS HEATING ELEMENT 


An extended sur- 
face heating ele- 
ment made entirely 
of steel. Construc- 
tion and design 
entirely different 
than in the ordinary 

radiator — long and narrow, suitable for many installations where standard type radiators 
are not desirable. Light in weight, unusual heating capacity. 

Each element is made up of 1 in. steel pipe, with No. 22 gage heavy fins, mechanically 
attached, eliminating the use of a solder bond without sacrifice of heat transfer. The 
fin design is unique. Each fin, when pressed on the pipe, interlocks with the preceding 
fin — an exceedingly tight and permanent mechanical joint. This construction assures 
greater contact area between fin and tube than is obtained with commonly used 
methods — greater heating capacity. The complete unit is painted with heat-resisting 
zinc chromate black enamel. 

Covers for OTS elements are available for all lengths of units. Constructed of No. 16 
gage metal and extends the entire fin length of the unit. Covers reduce the rated capacity 
of the unit by approximately 3 per cent. 

OTS elements are manufactured in standard lengths from 18 in. to 72 in. as given in 
table Lengths up to 12 ft can be supplied by coupling two standard lengths together 
with pipe couplings or by welding. Standard units are threaded at each end with standard 
pipe threads. Units for welding can be supplied on special order with chamfered ends. 



Capacity Ratings llj In. OTS Heating Element (without cover) 


Element 

Number 

“L" 

Length 

Inches 

1 Lb Steam — 65 Deg Enteruig Air 

Approx. Net Weight, Pounds 

j Btu 

Rated EDR 

Less Cover 

With Cover 

OTS-418 1 

18 1 

1880 

7.8 

11 0 

12.0 

OTS-424 ; 

24 

2525 

10.5 

149 

16.9 

OTS-436 

36 

3815 

15.9 

22.6 

25.6 

OTS-448 1 

48 

5105 

21.3 

344 

34.4 

OTS-460 

60 

6395 

26.7 

38 2 

43.2 

OTS-472 

72 

7685 

32.0 

46.0 

52.0 


Deduct 3 per cent from above capacities if cover is used. To determine capacity at conditions other 
than given m above table, apply proper conversion factor. 



DUNHAM TYPE OTS CONVECTOR 

This Convector is an adaptation of the OTS heating element to a deluxe enclosure. 

Particularly suit- 
able for installation 
on shipboard or 
other applications 
where appearance 
is a major factor. 

The unit casing 
is constructed of 
No. 18 gage metal 
with punched-in 
grille in the sloping 
top. Casings are painted with gray 
paint chromate primer for protec- 
tion. 

Capacities are based on Standard 
conditions of 1 lb steam, 65 F 
entering air. For capacities at other 
than standard conditions, apply 
proper conversion factor. 

This unit is available in lengths 
from 18 in. to 72 in. 


Capacity Table 


Unit 

Number 

“L" 

Length 

Inches 

1 Lb Steam-65 F 
Entering Air 

Approx. 
Net Weight 
Pounds 

Btu 

Rated EDR 

COTS-418 

18 

1995 

8.3 

19.8 

COTS-424 

24 

2680 

113 

26.7 

COTS-436 

36 

4050 

16.8 

40.8 

COT5-448 

48 

5420 

22.5 

54.8 

COTS-460 

60 

6790 

283 

68.9 

COTS-472 

72 

8160 

34.0 

82.9 


OTHER DUNHAM SPECIALTIES 

Float and Thermostatic Traps 8 sizes, 800 sq ft to 20,000 sq ft. Closed Float 
Traps 8 sizes, 800 sq ft to 20,000 sq ft. High Pressure Traps (Inverted Bucket) 
14 in. and % in. sizes, up to 150 lb. Return Traps 5 sizes, 1500 sq ft to 13,000 sq ft. 
Pressure Reducing Valves Single seated (Type 340) % in. to 3 in. Double seated 
(Type 300) 1 in. to 10 in. Standard Flanged. Strainers H in. to 2 in. 
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William S. Haines & Company 

12th and Buttonwood Sts., Philadelphia, Pa. 
Manufacturers of 

EQUIPMENT FOR VAPOR AND VACUUM HEATING SYSTEMS 








Heating Systems 


Steam and 
Hot Water 


Hoffman Specialty Go., Inc. 

General Office and Factory 
1001 York Street, Indianapolis 7, Ind, 

Sales RepresentatlTes In Principal Cities 


Manufacturers of Adjustable Port Radiator Venting Valves, Quick Vents and 
Air Eliminators for One and Two Pipe Steam and Vacuum Systems; Hoffman 
Supply Valves, Traps and Basement Specialties for Controlled Heat Systems, 
Air Conditioner Hoffman-Economy Vacuum and Condensation Pumps, and 
Hot Water Controlled Heat Equipment. 


AIR VALVES 

The Nos. lA and 40 are used for venting radiators on One and 
Two Pipe oil or gas automatic fired Steam Systems, and the 
Nos. 4, 4A, 75 and 75A are used in conjunction with these 
valves for venting steam mains, risers and other quick venting 

VACUUM VALVES 

The No. 2 A Vacuum Air Valves feature the Hoffman 
Double Air Lock consisting of the vacuum check and vacuum 
diaphragm. These valves are for use on coal burning hand or 
stoker fired One Pipe Vacuum Systems; and for venting ends of 
steam mains or heating risers, where it is also desired to prevent 
the return of air into the system, the Nos. 16A, 76 and 76A 
vents are used. 



Hoffman No. BA 
Vacuum Valve 


HOT WATER CONTROLLED HEAT EQUIPMENT 


The Hoffman Tempera- 
ture Controller is con- 
nected by capillary tubing 
to the Outdoor Tempera- 
ture Bulb, and to the 
Water Temperature Bulb 
installed in the supply 
main. Variations in out- 
door and circulating water 
temperatures are instantly 
transmitted by these two 
Bulbs to the Temperature 
Controller which electric- 
ally opens or closes the 
Control Valve. 



Outdoor Temperature Bulb 
located on exterior of building 



The Hoffman Control 
Valve. Admission of 
hot water from the 
boiler into the circu- 
lating system is con- 
trolled by this valve. 

It is opened 
and closed elec- 
trically when 
actuated by de- 
mands for more 
or less heat from 
the Hoffman 
Temperature 
Controller. 



Control 

Valve 


Avail- 
able in 
sizes to 
corre- 
spond 
with 
Hoff- 
man Cir- 
culator. 



Water Tempera- 
ture Bulb 


The Hoffman Circulator is a centrifugal 
pump of large capacity, low power con- 
sumption and furnished in all standard 
sizes. It is installed in the return main 
and operates continuously except when 
outdoor temperature rises above 65 deg. 
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Hoffman Specialty Co., Inc. 


Heating Systems 


Steam and 
Hot Water 


SUPPLY VALVES 

"The Nos. 80 and 85 Packless Radiator Valves are of unique 
construction and proven performance. 

The Reinforced Packless Feature, formed by metal cones of 
unequal degrees between the upper and lower members, giving 
f a metal to metal hairline bearing and effecting a perfect seal. 

^ short sharp bearing is further reinforced by a spring tension, 

■njiii and liberal gland of high quality. 

Hu I si Another feature is provided in the cone disc and beveled seat. 

This construction, as proven by test, affords protection against 
njHPPNPR cracked discs. 

LL Iji This cone disc is reversible and its beveled seat is low in the 

Hoffman m. so valve body, giving perfect drainage. 

Supply Valve Modulation in the No. 85 valve is accomplished by a cone disc 

nut, regulating volume of steam, according to pressure until the 
valve is about two thirds open. 

These valves are made with brass body union nut and tailpiece in angle and straight- 
way patterns only in sizes from H to in. 


THERMOSTATIC TRAPS 

Complying with the War Production Board’s Limitation Order 
L-42 of April 23, 1942, the Hoffman line of low pressure thermo- 
static traps consists of the Nos, 17-D, 8-D and 9-D. ^ These traps 
have a diaphragm type of thermostat, cast-iron bodies, left hand 
female inlets and right hand female outlets. 

No. 17-D capacity 200 sq ft M in. connections 
No. 8-D capacity 400 sq ft M in. connections 
No. 9-D capacity 700 sq ft % in. connections 

The Nos. 8 and 9, medium pressure traps (50 pounds) have Hoffman Ho, 17 -D 
brass bodies with union nut and tailpiece. The No. 8 has a Cast-Iron Body Trap 

capacity of 200 sq ft and is made in ^ in. angle pattern only, 
in. size in angle, R. H., L. H., and straightway pattern. The 
No. 9 is made in % in. and 1 in. sizes, angle pattern only, capacity 600 sq ft. 

The Nos. 8-H and 9-H, high pressure traps (125 pounds) have brass bodies with union 
nut and tailpiece. The No. 8-H is made in % in. angle pattern only, and y in. size in 
angle, R. H., L. H., and straightway pattern. The No. 9-H is made in 5^ in. and 1 in. 
sizes angle pattern only. 




DRIP AND HEAVY DUTY TRAPS 

Where large amounts of condensation are encountered, 
it is recommended to use one of the float and thermostatic 
traps, which are available with or without the thermostatic 
element. These traps are available in large capacities and 
are mainly used for venting and dripping risers, steam 
mains, unit heaters, blast coils, etc. These traps are made in 
four different pressure ranges 15 lb, 30 lb, 60 lb, and 125 lb. 


VACUUM AND CONDENSATION PUMPS 

The Hoffman-Economy line of Vacuum and Condensation Pumps offers a dependable 
method of economically returning the condensation from larger heating systems to the 
boiler. These pumps are made m single and duplex units, for varying capacities and 
pressures. 

HOFFMAN SALES AND SERVICE 

Hoffman Products are sold and stocked by leading wholesalers of heating and plumbing 
supplies everywhere. Hoffman representatives are available to assist in selection of 
suitable equipment for various services. 
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ILLINOIS ENGINEERING COMPANY 


General Offices 
and Factory: 

Chicago 


Branches and 
Representatives 
In Principal Cities 




Series SO 


Illinois Steam Trap 

Valve and 
stem are 
separate 
from the 
bucket and 
operated only 
by the bucket 
at the ex- 
treme top 
and bottom 
of travel — 
result — valve 
is always 
either full 
open or tight 
closed. No 
wire drawing or cutting of valve and seat. 

Illinois Thermostatic Traps for 
High Pressures 

Maximum working pres- 
sure 150 pounds. Used 
where neat appearance and 
compactness are desirable, 
as for trapping sterilizers 
or water stills in hospitals; 
_ steam jacketed kettles, 

Series HG coffee urns, warming 
tables and for process work. Also used 
extensively for air vents on blast type 
drying heaters. Multi-diaphragm of 
phosphor bronze. Heavy duty body. 
Made in three sizes. 

These traps are also furnished for 
medium pressures. 

Steam and Oil Separators 

Eclipse steam sepa- 
rators are made in both 
horizontal and vertical 
type, and also the 
special receiver sepa- 
rators for standard or 
extra heavy pressures. 

Eclipse oil separators 
are furnished in the 
horizontal type and 
have a removable baffle 
plate to facilitate clean- 
ing of baffle and keep- 
ing the separator’s effi- 
ciency at the highest point. 




Vertical Standard 
Separators 


Illinois Motorized Valves 
(on and off) 

For automatic con- 
trol of steam temper- 
atures and pressures 
to prevent overheating 
and conserve steam; to 
control fluid levels; and 
to regulate flow in hot 
water heating systems. 

May be operated by TypeT 
any automatic contact 
device or by manual switches. 

Furnished in three types. 



Spring Controlled Regulating Valve 

Furnished in either single 
seated or double seated type 
as the service conditions re- 
quire, for the control of 
steam, air or gas. Con- 
trolling spring is completely 
enclosed, protecting it from 
dirt and rust. Valves are 
furnished with the proper 
size diaphragm and the 
proper length spring to give 
satisfactory service under 
all operating conditions. Fir- isi 
Furnished also in weight 
loaded type, Fig. 71. 


Master Type Pressure Regulator 

Used wherever high 
pressure steam must be 
accurately reduced in 
varying amount to any 
steady lower pressure, in 
service such as hospital, 
laundry, cooking, process, 
dry kilns and railway 
steam control. It will re- 
duce initial pressure up to 
250 pounds down to any 
lower pressure. Does not 
build up pressure on a Fig 14 s 
closed or dead end line. ' 
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ILLINOIS ENGINEERING COMPANY 


General Offices 
and Factory: 

Chicago 



Branches and 
Representa tives 
In Principal Cities 


Illinois Thermostatic Radiator Traps 

For Vacuum and 
Vapor Heating 
Systems. 

Designed to con- 
serve critical metals, 
the new Series GW 
Traps have cast- 
iron bodies, while 
the same efficient, 
dependable Illinois 
features of the in- 
ternal construction 
are retained. Female inlet and outlet con- 
nections with left hand thread at inlet. 

Furnished in three sizes, all angle 
pattern in, 3^ inch for 200 sq ft, % inch 
for 400 sq ft and % inch for 750 sq ft 
nominal rating. 



Boiler Return Trap 



Vapor Gauge 


Illinois Selective Pressure 
Control Systems 

An entirely new and unique 
method of Steam Circulation 
Control . . . Heating Systems 
that set new standards in 
comfort, economy, simplicity 
and convenience of operation. 
Each S 3 ^tem is individually 
engineered to meet the exact 
requirements. Recorded fuel 
savings, without sacrifice of 
lUinois Seleo. comfort, viwant your inv^ 
live Controller tigation. Ask for Bulletin Id. 
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Illinois Radiator Valves 
Quick Opening, Spring 
Loaded, Packless Type. 

Cast-iron body and 
bonnet conserve critical 
metals. The internal con- 
struction retains all of the 
same efficient, dependable 
Illinois features of the 
Series 40 valve. 

Made in two sizes 
inch and 1 inch, angle 
pattern only. Left hand 
thread at inlet. 

Illinois Vapor System 
A two pipe low pressure steam circu- 
lating system which may be installed in 
any type of building, where the condensate 
can return to the boiler by gravity. 

A sensitive damper regulator or other 
means of automatic control is used to 
control initial steam pressure above, at or 
below atmospheric pressure. Steam is 
regulated at the radiators by Illinois 
Modulating Supply Valves. Condensate 
and air are discharged from the radiator 
through Illinois Thermostatic Radiator 
Traps. In the boiler room a Vapair Vent 
Trap and Boiler Return Trap are installed 
near the boiler. The vent trap eliminates 
air from the system and the Return Trap 
insures return of condensate to the boiler. 

The system and the piping arrangement 
are simple. No metering orifices or vacuum 
pumps are needed. This system will be 
found suitable for many installations where 
low first cost and low operating cost are of 
prime importance. May be used with unit 
heaters or any type of radiation. 

Illinois Combination F & T Traps 

Unsurpassed for 
draining ventilating 
units, unit heaters, 
and for dripping 
mains and risers — 
wherever it is desira- 
ble quickly to vent air 
from the main as well 
as handle the water of 
condensation in 
quantity, whether 
Series 7G hot or cold. 



Series GW 





Series 40 W 
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Sarco Company, Inc. 

475 Fifth Ave., New York 17, N. Y. 

Branches in Principal Cities 

SARCO CANADA LIMITED. 85 Richmond St., W , Toronto, Ont. 


PRODUCTS — A complete line of Specialities for Vapor, Vacuum and Gravity 
Steam Heating Systems and Control combined with a competent Engineering 
Service to architects and heating engineers to assist them in providing modern 
heating. 



Type r Radiator Valve 


SARCO RADIATOR TRAPS 

In cooperation with W P.B. to save crit^al materials, for the 
duration Sarco Radiator Traps type V are furnished in iron body, 
bronze trimmed, with right and left female screwed connections — 
no unions. 

The interior construction and, therefore, the efficiency and 
long life of the trap remain unchanged. They are still equipped 
with the Sarco helically corrugated bellows, made from heavy 
wall bronze tubing drawn in our own plant. The hard bronze 
seat is renewable. 

Available in angle pattern only, in. and % in. size. Catalog 
No. HV.160. 

SARCO RADIATOR VALVE 

To meet war-time requirements for the conservation of critical 
materials, standard radiator valves, for the duration, are supplied 
only in the ‘'semi-packless’’ style illustrated. 

The Sarco type V valve is of the quick opening, non-rising stem 
type with permanent, molded packing, spring controlled. Body 
and bonnet are^ of cast iron, female right and left screwed con- 
nections, no unions; renewable disc of Jenkins composition. 

Sizes % in. and 1 in. "with wheel handle or lock shield. Catalog 
No. HV-160. 



SARCO N-lOO TRAP 

For high pressure radiators and heating coils in sta- 
tionary and marine service, and for hospital and kitchen 
equipment. Has full length protecting shield and 
stainless steel valve head and seat. Sizes in. to 1 in. 
pressures to 100 lbs. Catalog HV-46. 

Also S-65 for pressures to 65 lbs. 



Float-ThermostaUc Trap 


SARCO FLOAT-THERMOSTATIC TRAPS 

For dripping ends of mains and risers, and for stack 
or blast heaters, large unit heaters and hot water 
generators. Automatic thermostatic air vents built in. 
Available in six sizes with connections in. to 2 in. 
Catalog HV-460. 



Inverted Bucket Trap 


SARCO INVERTED BUCKET TRAPS 

Are recommended for high pressure unit heaters and 
sometimes prefe^ed for kitchen and laundry equipment. 
Strainers are built right into these sturdy traps. Seats 
and valves are stainless steel and renewable. Auto- 
matic air vents can be furnished for extra rapid removal 
of air. Available in sizes ^ in. to 2 in. for pressures up 
to 900 lb. Catalog HV-350. 
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SARCO ALTERNATING RECEIVER 

A complete line of boiler return traps for vapor 
systems. 

Returns water of condensation to boiler auto- 
matically, thereby assuring positive return of water 
under all pressure conditions. 

Made in four sizes for up to 14,000 sq ft of radiation. 
Catalog HV-165. 

m SARCO AIR ELIMINATORS 

For venting air from vapor systems at one 
central point in the basement. Available in 
three sizes, No. 5 for systems up to 2000 sq ft 
iPIHSf radiation, No. 6 for 3000 sq ft, and No. 12A 

V for 15,000 sq ft. All are equipped with float 
valves to stop water escaping thru the vent 
and with check valves to prevent ingress of air when 
system is under vacuum. 

Also several types for hot water heating systems. 
Catalog HV-170. 

SARCO SELF-CONTAINED 
TEMPERATURE REGULATORS 

Sarco Temperature Regulators are simple, self- 
operated valves — the only self-contained units that use 
the irresistible force of liquid expansion. No stuffing 
boxes to leak, no auxiliary power” required;^ all 
moving parts are inside the equipment. Here again-^ 
a type and size for every purpose — for steam, gas, oil, 
water or brine for temperatures ranging from 0 to 
400" F. Catalog HV-600. 



Alternating Receiver 



SARCO WATER BLENDERS 
AND TEMPERING VALVES 

For mixing hot and cold water to deliver automatically water 
at any desired temperature. Two models are available, type MB 
for showers, wash basins, etc., and type DB, a tempering valve 
for use with submerged heating coils or tankless heaters. Catalog 
HV-800. 

SARCOTHERM HOT WATER HEATING SYSTEM 

A simple, all-mechanical system for the control of radiator 
temperatures in direct relation to outside temperatures. Radia- 
tion is balanced by Sarcoflow fittings in the radiator outlets. 

The Sarcotherm three-way valve recirculates a varying pro- 
portion of water around the boiler and back to the system as 
dictated by the thermostatic bulb outside the building. Catalog 
No. HV-175. 


SELF-CLEANING STRAINERS 

For use in pipe lines carry ing'brine, steam, 
oil, gas, water, ammonia or air* Have large 
free screening area with minimum resistance 
to flow. Steam or air strainers can be 
cleaned by blowing through without disas- 
sembling. Made in cast iron, bronze or 
cast steel for pressures up to 500 lbs, with 
brass, iron or monel screens. Available in sizes to 8 in. 
Catalog No. HV-1200. 




Water Blender 
Type DB 



Sarcotherm Weather 
Control Valve 


1057 



Heating Systems • water 


Taco Heaters, Incorporated 

342 Madison Avenue, New York 17, N. Y. 



HEATERS 


T here is a storage or tankless, Biltin or External, type Taco indirect water Heater 
for every job— for use with patented Taco- Abbott System. 

Biltin Taco Heaters, which are standard equipment on leading heating boilers, are 
catalogued only in the boiler catalogues. For additional information on Biltin Tacos 
write boiler manufacturer or Taco. 

In addition to this abbreviated information on external residential Taco Heaters, com- 
plete catalogue information is available for apartment houses, hotel, and housing projects. 


TANKLESS TACO Nos. 12, 14, 15 and 18 



Capacity Gallons Heated from 40° F. to 140° F. 




Size of 

tBoiler Water j 

1 Boiler Water at 212® F. 

Boiler Conn. 

Dom. Water 

Heiffht by 

Taco 

at 180® F. 1 

, Boiler Steaming 

Inches 

Conn. Inches 

Length Inches 


Per Min. 

Baths 

^ Per Min. 




12 

S'A 

1 

1 5 

2 


91/2x16 

14 

4 ! 

1-2 

' 6 

2 

Vl 

14 x\7% 

15 

5 

1-3 

71/2 

2 


141/2 X 20/4 

18 

6 

2-4 

9 


V 4 

17 x22 


tAutomatically fired installations — ^Taco-Abbott System for year 'round operation. 


CAPACITIES 


Gallons in 3 Hours Heated Sq. Ft. Hot Water 

from 40“ F. to 140® F. Radiation 175® Water 


of 

Taco 

Taco Below Water Line 

Taco on 
Steam 
of 0 Lbs. 
Gauge 
Pressure 

Taco* Below 
Water 
Lme 
Boiler at 
212® F. 

Taco** on 
Steam 
of 0 Lbs. 
Gauge 
Pressure 

Boiler 
Water atl 

212® F. I 

tBoiler Water 
from 160® ! 
to 190® F. 

A 

B 

C 

D 

E 

F 


DOMESTIC TACO 


1 

40 


75 

30 

50 

lA 

52 

30 

100 

40 

65 

IB 

66 

30 to 40 

125 

50 

85 

2 

82 

40 to 52 

150 

60 

100 

2A 

100 

52 to 66 

175 

75 

125 

2B 

120 

66 to 82 

225 

90 

150 

2C 

144 

82 to 100 

275 

105 

175 

3 

160 

100 to 120 

300 

120 

200 

3A 

1 200 

120 to 144 

375 

150 

250 


MULTI-COIL TACO 


MCI50 

250 

150 

475 

210 

310 

MC180 

300 

1 ^80 

560 

250 

375 

MC240 

400 

^0 240 

750 

330 

500 

MC300 

500 

300 

940 

420 

625 

MC360 

600 

4”“ 360 

1150 

500 

750 

MC450 

750 

0 450 

1410 

630 

940 

MC600 

1000 

® 600 

1620 

710 

1130 



Tankless Taco No. 14 



Domestic Taco 


♦Based on 120® F. inlet temp, to 
beater and 160® F. outlet temp. 

♦♦Based on 140® F. inlet temp, to 
beater and 180° F. outlet temp. 
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Taco Heaters, Incorporated 


Heating Systems 


Hot Water 


TACO WARM WATER HEATING 
SPECIALTIES 


Taco Warm Water Heating Specialties 

Used with both one and two-pipe warm water heating 
systems. Layouts and specifications gladly furnished. 

“Taco-One” Venturi System 

A forced circulating warm heating system using a single 
pipe main from boiler to radiators and back again. Small 
pipes and one pipe main make a neater job, reduce installation 
costs. Radiators can be placed above and below main. 85 per 
cent of residential jobs need only one circuit which requires no 
balancing valves. This revolutionary heating system is made 
possible by the Taco Venturi Fitting and remarkable Taco Hy-Duty Circulator. 

Taco Hy-Duty Circulator — Is more efficient (and slightly more expensive) than 
conventional circulators. Designed to work with the Venturi Fitting in “Taco-One’' 
Venturi System, it costs less to operate and lasts longer than circulators “built at a price.” 

Taco Venturi Fitting — ^Acts as a suction pump in which the only moving part is 
water. Water does the 
trick by producing a vac- 
uum pull that draws water 
through each radiator, 
giving positive uniform 
circulation. 


Taco Venturi Fitting 


DESIGN TABLE FOR “TACO-ONE” VENTURI SYSTEM 


Maximum Raojation 

FOR VARIOUS BT U 

EMISSIONS AND 

WATER 

TEMPERATURES 

Maximum 
LENGTHOF 
LONGEST 
CIRCUIT 
IN FEET 

Flanoe 
Size of 
TACO 
HY-DUTT 
CIRCULATOR 

Maximum 

NUMBER OF 
VENTURI 

FITTIN&5 
TO BE USED 
ON SYSTEMS 


Size 

OF 

VENTURI 

fittings 

Radiator 
BRANCH 
AND RISER 

PIPE SIZE 

SEE 
NOT E A- 

Maximum Amount of 
raciation per venturi 
FITTING FOR VARIOUS 

BTU EMI5S10 NS AND 
WATER TEMPERATURES 

single 

radiator 

ABOVE MAIN 

TOTALTWO RAOS 

above mmn or 

ONE BELOW HMM 

ISO 

BTU 

ns* 

water 

too 

BTU 

200* 

WATER 

E40 

BTU 

EIS* 

WATER 



ISO 

BTU 

ns* 

zoo 

BTU 

IQO* 

2f0 

BTU 

ZI5‘ 

1 

Ilf-U 

B 

1 

uSm 

rnra 

Hlal 



IQJQ 


500 

3T5 

306 

100 

r 

O 

10 

>■_ 

BB 


1 xVz 

'/2.“ 

Q 


ca 

m 

la 

m 


BIO 


■Ml 

IV 


iO 



BBi 


93BI 

m 

m 

m 


m 

IQ 

IBI 


IQQ 


IV 

la 

IQi 

VfA, 

109 

11^2 


3/4.* 

■1 

IB 

o 

IB 

la 

ia 

|Bi 

■SI 

ElB 


IV 

D 


IV 


BQI 


'/Z‘ 


m 

m 


Q| 

m 

ilSI 


ES9 


IV 

o 

10 


wm 


BSQI 

3/4. 

isi 

BS 

la 


ia 

la 


Increase laterals exceeding 8 ft. one size from main to heel or riser. In most cases, not more than half total 
radiation should be insteiUed below main. 

In no case should laterals to radiators below main exceed 9 ft. 

Care must be taken with radiators below main on two-circuit jobs. Send complete information on such jobs 
to Taco Heaters, Inc., for layout. 
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Heating Systems • Hot water 


H. A. Thrush & Company 

Peru, Indiana 

Service and Sales Offices In Principal Cities 


FORCED CIRCULATING THRUSH FLOW 
CONTROL SYSTEM OF HOT WATER HEATING 
AND HEATING SPECIALTIES 



Patent Noe. 2,054.009, 2,111,441, 
2,257,867 


Flexible, economical of fuel, Thrush Summer- Winter 
System of Hot Water Heat is the most satisfactory way to 
heat buildings. Thrush Systems, Water Circulators, 
Water Heaters, Pressure Relief and Pressure^ Reducing 
Valves and other fuel-saving heating specialties can be 
furnished where Government regulations permit. Write 
today for information or engineering assistance. 


THRUSH WATER 
CIRCULATORS 

Five sizes, 1 in., in., 
in., 2 in. and 3 in., for circu- 
lating water in Heating or 
Domestic Water Systems. 
Save fuel, insure uniform 
heating. 



THRUSH FLOW 
CONTROL VALVES 

For use with Thrush 
Circulator only 


THRUSH PRESSURE REDUCING 
VALVES 

Types for High and Low Pressures 



Patent Beissue No. 19,873 



Number 4 Illustrated 


Six sizes, 1 in.. Hi in., 
in,, 2 in., in. 
and 3 in. Work auto- 
matically by pressure 
head, generated by 
Thrush Circulator. 
This patented valve 
prevents circulation 
when not required. 


Sizes, M in., % in., in., in. and 
1 in. High pressure reducing valves 
for protecting house plumbing and 
heating equipment from excessive 
city line pressures. Low pressure 
reducing valves to reduce pressure 
of water entering heating system 
and maintain water supply in sys- 
tem automatically. 


THRUSH LOW 
PRESSURE RELIEF 
VALVES 

Protect heating boil- 
ers from excess pres- 
sures. Made in angle 
or straight types, of 
iron or brass, sizes 
3^ in., 5^ in. and 1 in. 
Unfailing depend- 
ability has been 
proved by over a 
quarter of a century 
of successful opera- 
tion. 


THRUSH AIR-TIGHT 
PRESSURE TANKS 

An essential part of 
every hot water heat- 
ing system. Conserves 
water and fuel, be- 
cause the heated water 
expands into the 
Thrush Pressure Tank 
and returns to the sys- 
tem as it cools. Adds 
to the continued oper- 
ating efficiency of the 
heating system over a 
long period of time. 


ALL THRUSH RELIEF VALVES COMPLY WITH 
A.S.M.E. CODE AND LISTED AS STANDARD 
BY UNDERWRITERS’ LABORATORIES 
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THRUSH HIGH 
PRESSURE RELIEF 
VALVES 

Protect water supply or 
range boilers and gas or 
electric water heaters 
from excess pressure. 
Made in angle or straight 
types, of iron or brass, 
sizes, in., ^ in. and 
1 in., for pressure relief 
only or combination pres- 
sure and temperature 
relief. 



THRUSH WATER HEATERS 
Highly efficient heat exchangers or con- 
verters. Sixteen sizes, for Hot Water or 
Steam. Pressure up to 150 lb. Straight 
tubes readily cleanable. Provide Domestic 
Hot Water at low cost. Also used in- 
dustrially for heating or cooling liquids. 


THRUSH SUPPLY 
TEES FOR ONE 
PIPE SYSTEMS 

Assure positive 
diversion to ra- 
diators. Made 
in four sizes, 1 
in., IH in., 1J4 
in. and 2 in., 
with branch outlets of in., % in. or 1 in. 



No. 210 THRUSH 
DIFFERENTIAL 
TEMPERATURE 
CONTROL 

Special dual 
acting thermo- 
stat — one bulb 
inside and one 
bulb outside 
building. Auto- 
matically main- 
tains correct in- 
door tempera- 
ture with any 
weather change. 

A real fuel- and 
money-saver, 
especially for 
apartment 
houses, or 
groups of industrial, tourist camp or other 
buildings. 




THRUSH DUAL CONTROL UNITS 


Provide automatic pressure relief, reduce 
line pressure, automatically fill and main- 
tain water supply in hot water heating 
system. Made in four types, brass or 
cast iron, 34 in. or in. 



Automatically maintains room tempera- 
ture within a fraction of a degree. Controls 
both room and water temperature in the 
radiators, compensating to prevent varia- 
tion in room temperature or a lack of 
radiant heat. Requires No. 198 Thrush 
Relay Transformer for low voltage. 


THRUSH MODULATING 
BOILER WATER TEM- 
PERATURE CONTROL 

No. 203 with dual 
bulbs, automatic- 
cally vanes boiler 
water temperature 
to meet all demands 
for heat. Main- 
tains correct boiler 
water tem- 
perature, 
thus saving fuel. 

Other electrical 
water temperature 
controls, No. 205 
immersion and No. 

206 clamp-on type, 
available. 



WRITE FOR COMPLETE CATALOG 
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Unit Heaters 


WARREN WEBSTER & COMPANY 

Pioneers of the Vacuum System of Steam Heating 



Main Office and Factory: 
Camden, New Jersey 

Representatives in Principal Cities — 
Consult Your Local Phone Directory 



UNIT HEATEH5 


NOTICE — The availability of Webster 
Equipment described on these pages 
is subject to restrictions resulting 
from war and priority regulations and 
conditions. We reserve the right to 
change prices, materials, and designs 
without notice. The low pressure 
steam heating specialties listed com- 
ply with WPB Limitation Order L-42, 
Schedule VIII. 

PRODUCTS AND SERVICES 

Webster Systems of Steam Heating 
including Vacuum and Type “R” 
(vapor). 

Webster Central Control Systems 
including HYLO and MODERATOR. 

Modernization of Obsolete and 
Faulty Heating Systems. 

Webster System Equipment in- 
cluding Light-Weight Concealed Ra- 
diation (Gravity Convection Heaters), 
Radiator Supply Valves, Metering 
Orifices, Thermostatic Traps, Drip 
Traps, Heavy Duty Traps, Dirt Strain- 
ers, Dirt Pockets, Boiler Return Traps, 
Vent Traps, Damper Regulators, 
Boiler Protectors, Lift Fittings, Ex- 
pansion Joints, Separating Tanks, 
Steam and Oil Separators, Steam 
Varaum Pump Governors, Air Sepa- 
rating and Receiving Tanks, Gages, 
Water Accumulators. 

Webster Series “78” and Series “79” 
Traps for use at process pressures (10 
to 150 lb per sq in.) 

Webster-Nesbitt Unit Heaters. 


FtlOM 



Ftg. 1. Conventional arrangement of piping around 
Webster Basement Equipment for the Webster Type 
“R"’ System 


WEBSTER SYSTEMS 

Webster Systems are low pressure, two- 
pipe systems of steam circulation with the 
addition of accurately-sized metering ori- 
fices at radiator supply connections and, 
when required, intermediate metering ori- 
fices at points in branch mains. Metering 
orifices effect even distribution of steam to 
all parts of the heating system and permit 
the successful application of a centralized 
control. Webster Valves are used at sup- 
ply of radiators. Webster Thermostatic 
Traps prevent flow of steam into return 
mains when radiators are filled. Webster 
Drip Traps and Dirt Strainers are used 
yrhere ne^ed on steam mains. Webster 
Systems are available for vacuum, open 
return or ‘Vapor” operation. The Type 
“R” System corresponds to the so-called 
Vapor type. Fig. 1 illustrates a typical 
arrangement of Boiler Return Trap, Vent 
Trap, etc., when low pressure boiler is the 
source of steam. 

WEBSTER CENTRAL CONTROLS 

These are patented systems for varying 
the amount of steam to all radiators ac- 
cording to outside temperature. They 
provide continuous heat delivery with effec- 
tive fractional filling of radiators. The 
Hylo Systems may be provided for 
manual control, or if desired, may be 
semi-automatic by incorporation of inside 
thermostat or thermostat and schedule 
clock. The Moderator Systems employ 
an automatic Outdoor Thermostat sup- 
plemented by a manual Variator. 

^ The latter is used for quick heating-up, 
night load, and unusual weather or oc- 
cupancy conditions. Use of Webster 
Central Control Systems results in (1) 
increased comfort because over-heating 
and underheating are minimized and (2) 
lower fuel or steam costs. 

WEBSTER SYSTEM RADIATION 

Discontinued for the Duration 
Concealed, non-ferrous type for use 
exclusively with Improved Webster Sys- 
tems. Is unique in that it combines in a 
single unity a light-weight heating element 
of high efficiency with an orificed radiator 
supply valve, a radiator trap and supply 
and return piping connections. Metal 
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enclosures for installation within the wall 
and exposed metal cabinets are available. 
Webster System Radiation and enclosures 
are so designed that the entire heating 
element can be quickly removed without 
damage to plaster or paint. Space r^uire- 
ments reduced to a minimum and instal- 
lation greatly simplified. 


IRON RADIATOR VALVES 



The Webster 
Type WB-P 
Supply Valve 
(Series 600P) 
with iron body 
has been de- 
signed to con- 
serve critical 
metals. Elimina- 
tion of union nut 
and nipple re- 
leases machine 
tool hours for 
war work. Out- 
let connection 
has female left- 
hand threads. 
Installation to 
radiator is by 
right and left- 
hand pipe nip- 
ple. This valve 
is made in % 
Fig Webster Type and 1-in. sizes 

Iron Radiator Volvo ^ody 

only. Furnished with wheel (mushroom) 
handle. Lockshield* type is available to 
certain institutions which require it. 

The Type WB-P Valve meets fully 
specifications calling for a * ‘spring pack- 
less’ ' valve. A heavy spring automatically 
maintains pressure on die-molded metallic 
ring packing. Although packing seldom 
requires renewing, this valve is so designed 
that old packing ring can be removed and 
new installed while pressure is on the 
heating system. 



While primarily for low pressure steam 
heating service, the Type WB-P Valves 
are entirely suitable for hot water heating. 
Furnished with or without leak hole as 
desired. 

Pressures — For low pressure vapor and 
vacuum steam heating service. Maximum 
pressure is 75 lb per sq in. 

Metering Orifices — ^Accurately sized 
and made of metal to resist erosion and 
corrosion, amply thick to be free from 
vibration and shaped for quiet operation. 

IRON RADIATOR TRAPS 



Ftg. Webster 70S HF Iron 
Radtator Trap 

“Old Ironsides,” the war-time Webster 
Radiator Trap, not only effects maximum 
saving in critical metals but saves, in 
addition, needed machine tool hours 
through elimination of nut and nipple. 
Iron trap construction is not new to 
Webster. Experience in manufacturing 
iron body traps for more than 25 years has 
resulted in a successful design giving 
operating efficiency equal to earlier 
Webster Traps. 

Construction Features — Body and 
cap are high quality gray cast iron. 
Double thermostatic diaphragm is phos- 
phor bronze, individually factory adjusted 
and tested. Diaphragms are compensated 
for pressure which means that they 
function efficiently at all pressures within 
their operating range. They do not close 
too quickly at certain pressures to hold up 
condensate while remaining open at other 
pressures to pass steam. 

Brass valve piece is 60° cone type, 
factory adjusted. Brass seat is readily 
renewable. 

Pressures — Webster Series 7-HF Traps 
with iron body are designed for low pr^- 
sure vapor and vacuum steam heating 
service. Maximum pressure is 25 lb per 
sq in. 
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Table 1. Recommended Ratings in 
Sq Ft E. D. R.* 

The ratings below are conservative and 
not full-flooded capacities.^ Applications 
requiring use of higher ratings should be 
referred to the Company or its Repre- 
sentatives When writing give full details 
of proposed use. Select trap by rating, 
not by pipe size. 


Pressure Difference Across Trap m 
Symbol Size Lb per Sq In. 


■ ’ 1 

1 V/2 

2 

5 

10 1 

15 

702HF 

w 1 165 

1 200 

235 

370 

530 

640 

7I3HF 

i'A" 330 1 

1 400 

465 

730 

1050 

1300 

723HF 

VaT 580 

700 

810 

1280 

1840 

2300 


♦Based on 240 Btu per sq ft per hour. 


FLOAT-AND-THERMOSTATIC 

TRAPS 



Fig. 5, Webster Size 000S6-T Drip Trap has rated 
capacity of ^00 lb Water per Hour at 2 lb Pressure 
Difference 

Series “26” — A heavy duty trap for 
drips of mains, blast radiation, unit 
heaters, hot water generators and similar 
applications, A rugged float-type trap 
available with and without thermostatic 
air vent. Made in five sizes: 200, 500, 
1200, 2400 and 5000 lb water per hour at 
2 lb pressure difference. Maximum 
working pressure is 15 lb per sq in. 


PROCESS STEAM TRAPS 


Series “78” 
— thermostatic 
trap huilt for 
process steam 
pressures (10 to 
150 lb per sq 
in . ) . Monel 
Metal dia- 
phragm. Stain- 
less Steel or 



Fig. 6. Webster 
Size 782 Trap 


brass valve piece and seat insert. Angle 
model only. Sizes: % and 1 in. 

Extensively used with laundry, cooking, 
sterilizing and other process-steam uses. 

Series “79” — For use where large 
volumes of very hot condensate form more 
quickly than can be discharged by thermo- 
static traps alone. Float and thermostatic 
traps designed for normal working pres- 
sures between 15 and 150 lb per sq in. 
Water of condensation is passed through a 
float-controlled seat opening while air is 
discharged into the return piping by a 
thermostatically controlled vent. Com- 
pact and light in weight. Can be readily 
mounted in a pipe line without other 
support. Available with 1 in. inlet and 
outlet. Readily bushed for smaller pipe 
sizes. 

Cast iron body, composition gasket and 
cover bolted together with steel cap screws. 
Monel Metal or brass valve piece and 
stem. Stainless steel seat. Air vent unit 
is Monel Metal diaphragm with Stainless 
Steel or brass valve piece and brass seat 
with Stainless Steel insert. 

DIRT STRAINERS AND POCKETS 

Placed in return lines of steam heating 
systems to prevent dirt, rust and scale 
from impairing tightness of traps. 



Fig. 7, Size S4C-1 Webster Boiler Protector with 
Low Water Electrical Cut-out Switch. Size S4 has 
no Cut-out Switch 

BOILER PROTECTOR 

Prevents breakage in low pressure 
heating boilers when water level becomes 
inadequate.^ Automatically supplies raw 
water to boiler when water level drops to 
1 in. above bottom of gage glass. 

For maximum boiler pressure of 15 lb 
per sq in. Maximum cold water main 
pressure should not exceed 150 lb per sq 
in.; minimum must not be less than 25 lb 
per sq in. 

Made with in. connections, with or 
without electrical cut-out switch. 
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WEBSTER-NESBITT UNIT HEATERS 

Are manufactured by John J. Nesbitt, Inc., Holmesburg, Philadelphia 36, Pa., and 
^e distributed solely through Warren Webster & Company, Camden, New Jersey. 
Designed to circulate large volumes of air at comparatively low temperatures, assuring 
quick heating. 

Ratings of Webster-Nesbitt Unit Heaters are based on tests made in accordance with 
standard test code of Industrial Unit Heater Association and A.S.H.V.E. 


All Products Listed are Noio Manufactured with Steel Heating Elements 


PROPELLER FAN UNIT HEATERS 



Ftg. 11. Standard Propeller-Fan Type 


Designed to incorporate four character- 
istics proved by wide experience to be 
essential to both proper application and 
satisfactory performance: 

1. ) Selective range of sizes. Manu- 
factured in nine sizes. Heating capacities 
vary from 31,000 to 305,000 Btu per hour. 
Air deliveries from 470 to 4800 dm. 

2. ) Quiet Operation. All fans have blades 
of exceptionally large areas and of a shape 
to impart a gradual acceleration to the 
air stream. Ample spacing is maintained 
between the fan and heating element. 
Motors are of sleeve bearing type and 
equipped with isolators. 

3. ) Durable lightweight Heating Elements. 
Extended fin-and-tube type, constructed 
of steel condensing tubes and plate-type 
steel fins (copper when permitted by 
government regulation). 

4. ) Modern Casing Design. Compact 
suspended type. Catalog W-N 123. 


GIANT UNIT HEATERS 
Sturdy blower-fan 
units for the econom- 
ical heating of large 
areas. 


over face of feating 
element to provide mixing of unheated and 
heated air, producing heat output in accor- 
dance with requirements and continuous 
circulation of air volume. 

Valve Controlled Type. Unit is of stand- 
ard casing arrangement but equipped with 
Nesbitt Heating Surface with Steam- 
distributing Tubes which allows for auto- 
matic control of heat output. 

Floor mounted, wall mounted, ceiling 
suspended, from 254,000 Btu, 4950 cfm, to 
845,000 Btu, 15,000 cfm. Write for 
details. Catalog W-N 116. 

LITTLE GIANT UNIT HEATERS 


Standard {Non-Ther- 
madjust) Type. Used 
principally where heat- 
ing is by recirculation 
only, and where con- 
stant heat output is 
desired during period 
of operation. 

Thermadjust Type. 
Employs dampers in 
front of casinsT and 



Ftg. 12 

Blower-Fan Type 



Fig, IS. "‘LtUle Giant” Down Blow Type 

New, light compact draw-through high 
velocity down blow unit heaters. 165,000 
Btu, 3420 cfm to 450,000 Btu, 10,600 cfm 
at basic rating of 2 lb steam and 60 deg 
entering air. 

Down Blow Type. Generally used 
when the presence of cranes and other 
machinery requires that the unit and 
piping be located well above the floor level. 
Write for details. Catalog W-N 118. 
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Heating, Industrial and Power Plant Piping, Fittings, Hangers, 
Valves, Pipe Bending, Welding, Piping Supplies, Etc. 


Executive Offices: Providence 1, R. I. 


Albant, N. Y. 

Atlaota, Ga. (Plant and Foundry) 
Baltimobb, Mn. 

Boston, Mass. 

Btjffalo, N. Y. 

Charlotte, N. C. (Branch) 
Chicago, III. (Branch) 
Cincinnati, Omo 
Cleveland. Ohio (Branch) 
CoLUMBU, Pbnna. (Plant) 


Offices, Plants and Branches 
CoLUUBTTS, Omo 

Cranston ,R. I. (Plant and Foundry) 
Dallas, Texas (Branch) 

Detroit, Mich. 

HorSTON, Texas 
Kansas City, Mo 
Memphis, Tbnn 
Milwatjkeb, Wis. 

Minneapolis, Minn. (Branch) 
Nbwarx. N. J. 


New Orleans, La 
New York, N. Y. 

Philadelphll Pbnna. (Branch). 

PiTTSBTJEGH, PbNNA. 

Providbncb R. I. (Plant and Foundry) 
Richmond, Va 
Rochester, N. Y. 

St. Louis, Mo. (Branch) 

St. Paul, Minn. (Branch) 

Warren, Omo (Plant and Foundry) 


GRINNELL COMPANY OF THE PACIFIC 

Los Angeles, Cal. (Branch) Oakland, Cal. (Branch) San Francisco, Cal. (Branch) Seattle, Wash. (Branch) 


GRINNELL COMPANY OF CANADA, LTD. 

Montreal, Qub (Branch) Vancouver, B. C. (Branch) Toronto, Out. (Plant and Foundry) WiNNiPEa, Man 

OsHAWA, Ont. (Foundry) 


PRODUCTS AND SERVICES— 

Complete Service on materials to 
Specification on Power Plant Piping, 
Industrial Piping, and Industrial 
Heating Systems; Prefabricated Pip- 
ing including Pipe Cutting and 
Threading, Pipe Bends, Welded 
Headers, Welded and Welding Fit- 
tings, Lap Joints and the Grinnell 
line of products for Super Power, 

Grinnell Equiflo Valves for forced 
hot water heating systems; Grinnell 
Adjustable Pipe Hangers and Sup- 
ports; Grinnell Cast Iron and Mal- 
leable Iron Pipe Fittings; Grinnell 
Malleable Iron Unions; Grinnell Weld- 
ing Fittings; Thermoflex Traps and 
Heating Specialties. 

Also Humidifying Systems; Piping 
for acids and other special materials. 

Malleable Iron, Brass, Bronze and 
other Castings; Brass, Cast Iron, 
Wrought Iron and Steel Pipe; Seam- 
less Steel Tubing in Iron Pipe Sizes. 

Valves: Check, Diaphragm, Globe, 
Pressure Reducing and Regulating, 
Quick Opening, Safety and Y. 

Automatic Sprinkler Systems; Stand 
Pipes; Underground Supply Mains; 
Hydrants; Fire Pumps; Pressure and 
Gravity Tanks. 

For Data On Thermoflex Traps an 


Grinnell Equiflo Valves 

For Forced Hot Water Heating 



The designing of forced circulation hot 
water heating systems is so simplified by 
the Grinnell Equiflo Valve that they can 
be laid out and installed as easily as vapor 
or steam systems. This valve consists of a 
regular type packless radiator valve with 
a ^rtridge or tube made up of a series of 
orifices and baffles capable of setting up 
any required frictional resistance This 
method of establishing any desired resis- 
tance does away with elaborate calcu- 
lation of pipe sizes. Grinnell guarantees 
perfectly balanced circulation to each and 
every radiator where these valves are 
installed throughout the system. 

Equiflo Data Book sent to interested 
parties. 

Heating Specialties^ see page 1111 
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GRINNELL ADJUSTABLE PIPE HANGERS AND SUPPORTS 

One of the chief advantages of Grinnell Adjustable Hangers is that they permit 
adjustment of pipe lines after installation, thus obviating the necessity of tumbuckles or 
the removal of hangers. Their time and trouble-saving qualities during installation are 
equally exceptional. Below are shown a few Grinnell Hangers and Supports of par- 
ticular interest to heating engineers. Send for Hanger Catalogue showing complete line. 


Adjustable Swivel Rings (Patented) 


4 

Ftg. No. 101 
Sdid Ring 


These Malleable Iron Adjustable Swivel Rings 
can be used with Coach Screw Rod or Machine 
Threaded Rod in connection with practically any 
type of Ceiling Flange, Expansion Case, Insert, etc. 

Adjustment of at least 1 in. is secured by turning 
Swivel Shank. Swivel Shank automatically locks, 
preventing loosening due to vibration in the pipe 
line. 

The Split Ring permits adjustment either before 
or after Ring is closed. A wedge type pin is loosely 
but inseparably cast into the hinged section for 
fastening this section after pipe is in place. 



Fig. No. 104 
Split Bing 


Adjustable Swivel Pipe Rolls (Patented) 



Fig. No. 174 
Swivd Pipe BoU 


An adjustable type of pipe roll using a 
single hanger rod. Swivel Shank allows 
vertical adjustment and automatically 
locks, preventing loosening from vibration. 

CB -Universal Concrete Inserts 
(Patented) 

Made of malleable iron, in one body 
size, to take a special removable nut, 
tapped for in., in., ^ in., % in. or 
in. rod as required. Nuts automatically 
lock by means of V-type teeth on both 
insert and nuts. 



Fig, No. S8B 
CB-Umversal Intert 


GRINNELL WELDING FITTINGS 



90 ® Elbow, Long Turn 


Grinnell Welding Fittings are made from 
Seamless Steel Pipe or tubing ^d possess 
the same physical characteristics as stan- 
dard, extra strong and o.d. steel pipe or 
seamless steel pipe of comparable size. 
They can be used under the same con- 
ditions, pressures and temperatures as the 
pipe itself. 

All Grinnell Welding Fittings have weld- 
ing faces for all plain circumferential butt 
welds scarfed or beveled as follows: For 
wall thicknesses Ms to M inch inclusive, 
37 34 deg. 2J4 deg., straight bevel. 
Angles of bevel other than 37 deg. can 
be furnished on special order. 



Wdding Oudd 



Wdding Tee 



LaPoint Stub End with 
Lap Flange attached 



Threaded Ou^ 
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The Vinco Company, Inc. 


305 East 45th Street 


New York 17, N. Y. 


Only a clean boiler can he an efficient boiler, A clean boiler means saving fuel, as well as 
safeguarding boiler metal. Both are now a patriotic duty. 



Boiler Cleanser 
S and S lb Cans 


A positively harmless insoluble powder cleaner for new, 
remodeled and old heating systems. A unique, scientifically 
processed compound on a special formula not to be confused 
with other powder boiler cleaners. 

What Vinco Boiler Cleanser Does 

Vinco removes oil, grease, scale, rust and dirt from the internal 
surfaces and from the boiler^ water without the labor, expense, and 
uncertain results of blowing boilers over the top or of wasting returns. 

By this thorough cleaning Vinco prevents or cures foaming, priming, 
surging, and slow steaming. 

How Vinco Boiler Cleanser Works 

Each minute grain of Vinco powder adsorbs several times its own 
weight of oil, rust and dirt. These larger grains of adsorbed impuri- 
ties then settle and are drained through the bottom according to 
directions on each can. 


Vinco Guarantees 


1. \’iNCO contains no potash, lye, soda of any kind, oil, acid, or 
other harmful ingredients. 

2. Purchase price is refunded if results are not as claimed when 
\'iNCO has been used according to directions. 

VINCO RUST PREVENTER 

When used after Vinco Boiler Cleanser has removed oil, grease, 
rust, scale and dirt, it will add and keep the rust inhibiting factors 
at the optimal constant for a year or more. 
(Test kit below has complete instructions 
and chart.) 


VINCO TEST KIT No. 10 

for Testing Heating Boiler Waters 

The kit enables the layman to make simple, rapid tests to 
diagnose and prescribe correct treatment of boiler waters right 
on the job. 

A new time saving method that permits valid conclusions 
heretofore requiring complicated and often lengthy laboratory 
analysis and technique. 

Each kit has sufficient material for complete tests on 100 jobs. 
Refills cost about 2 cents per test. 

Vinco Test Kit No. 10 
(PatCTtf applied for) 

HELP WIN THE WAR BY SAVING FUEL AND BOILER METAL. 
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nuilip^ER 

^ Corvotlilm'^ ' 


Rust Preventer 
1 at cans only 




The Vinco Company, Inc. 


Heating Systems • Bouer compounds 


VINCO SUPERFINE LIQUID BOILER SEAL 

A different liquid seal. Unique in that it does not induce priming 
and foaming. It has no unpleasant smell. Makes speedy and 
permanent repairs ot boiler and heating system leaks. Fine to tighten 
up new jobs. Directions simple. 

Quantities 

Steam and Vapor Systems — Use 1 quart Vinco Liquid Boiler 
Seal to each 6 sq. ft. grate area. 

Hot Water Systems — Use 2 quarts Vinco Liquid Boiler Seal 
to each 6 sq ft grate area. 



Liquid Boiler Seal 

SPECIFICATIONS FOR COMPLETE VINCO TREATMENT ^ 


OF NEW OR REMODELED STEAM OR VAPOR HEATING SYSTEMS 


QUANTITIES OF VINCO ON POUNDS) 
REQUIRED FOR HEATING SYSTEMS 


(Note that quantities are based on actual 
Installed radiation, not on boiler capacity.) 


Sq Ft of Radiation 

For Steam or 
Vapor Systems, 
topreventorcure 
priming or foam> 
mg. Also for Hot 
Water Heating 
Systems Main- 
tained at approx. 
200 F or above. 

Annually, to re- 
move rust scale, 
dirt and for Hot 
Water Systems 
below 200 F. 

up to 350 

3 

Wi 

351 “ 600 

5 

Wl 

601 “ 1100 

8 

4 

1101 “ 1400 ... . 

10 

5 

1401 “ 1800 .. .. 

13 

6V2 

1801 “ 2100 . ... 

15 

m 

2101 « 2700 .. .. 

18 

9 

2701 “ 3100 .... 

20 

10 

3101 “ 3700 .... 

23 

111/2 

3701 “ 4200.. .. 

26 

13 

4201 “ 4600 ... . 

28 

14 

4601 “ 5000 

30 

15 

5001 “ 5300 . ... 

31 

15>/2 

5301 “ 5600 ... 

32 

16 

5601 “ 5900 

33 

161/2 

5901 “ 6200 .. . 

34 

17 

6261 “ 6500. ... 

35 

171/2 

6501 “ 6800 

36 

18 

6801 “ 7100 .... 

37 

I81/2 

7101 “ 7400 .... 

38 

19 

7401 “ 7700 . 

39 

191/2 

7701 “ 8000 

40 

20 

8001 “ 8300 

41 

201/2 

8301 “ 8600. ... 

42 

21 

8601 “ 8900 

43 

21/2 

8901 “ 9200 

44 

22 

9201 “ 9500 

45 

221/2 

9501 “ 9800 .. 

46 

23 

9801 “ lOlOO*. .. . 

47 

231/2 


♦Above 10100 sq ft use an additional pound Vinco 
for each additional 300 sq ft of actual installed 
radiation. 


Do not use as a cleaning agent soda or 
any alkali, vinegar or any acid. Use 
Vinco. 

1. After the system is tested and tight, 
use the proper quantity of Vinco listed. 
After this first dean-out of any new or 
remodeled heating system, Vinco Boiler 
Cleaner need be used only if more piping, 
radiation, or another boiler is added to the 
original installation. 

2, After using Vinco Boiler Cleaner, 
Vinco Field Test Kit should be used to 
determine and apply the proper quantity 
of Vinco Rust Preventer. Vinco Rust 
Preventer should be applied annually or 
whenever the boiler water is drained for 
necessary repairs to the system. 

SPECIFICATION FOR OLD 
HEATING SYSTEMS THAT DO NOT 
PERFORM PROPERLY 

Diagnose and treat according to Vinco 
Field Test Kit. If a test kit is not avail- 
able, consult table of quantities on this 
page and follow directions on Vinco cans. 

SPECIFICATION FOR 
HOT WATER SYSTEMS 

Use half quantities listed for treatment 
of steam systems to remove impurities. 
Then use test kit to 
determine proper 
quantity of Vinco 
Rust Preventer. 


VINCO SOOT-OFF 

Safely and thoroughly removes the insulating blanket of soot on 
fire pot, flues and chimney. It also insures against external corrosion 
(caused by dampness and soot forming sulphuric acid during summer 
layoff.) No dangerous chemicals. 



Soot-Off — 1 lb cans 
60 and 100 lb drums 


REMOVE SOOT WITH VINCO SOOT-OFF SEVERAL TIMES A YEAR 
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M^DOININELL&MILLER 


Safety Devices for Steam and Hot Water Boilers and Liquid Level Controls 

General Offices: Wriglcy Building, Chicago 11, Illinois 


Doiii^ one\^ /thin^ WoO 


PRODUCTS: 

Boiler Water Feeders; Feeder Cut- 
off-Combinations; low Water Fuel 
Cut-offs; Pump Controls; Low 
Water Alarms; Humidifier Water 
Level Controls; Safety Relief Valves 
for hot water heating boilers 
and storage tanks; High and Low 
Oil Switches and Liquid Level Con- 
trollers for a wide range of services. 


The service range and types of in- 
stallations covering most common 
applications of McDonnell Boiler 
Water Level Controls are described 
here. For facts concerning pro- 
tection of process boilers, or any 
special information, consult our 
engineering department. 


McDonnell Combined Boiler Water Feeder and Low Water Cut-off 



McDonnell No. 47-2 jor heating boilers under 5000 McDonnell No. 51-2 for heating boilers over 5000 
sq. ft. capacity. Maximum steam pressure, 25 lbs. sq ft capacity. Maximum steam pressure, 35 lbs. 


A typical installation of the McDonnell 
No. 47-2 Combined Boiler Water Feeder 
and Switch is illustrated above. The water 
feeder maintains safe level by feeding when 
water line drops. In case of foaming and 
priming or failure of water supply, causing 
water level to drop to Ji in. in the water 
glass, low water switch comes into action. 
For automatically fired boilers switch may 
be wired to cut current to burner. F or hand 
fired boilers switch may be wired to com- 
plete alarm bell circuit. Also furnished for 
hand fired boilers without switch — desig- 
nated No. 47. 


Installation time is cut to minimum by Quick- 
Hook-Up Fittings for gauge-glass installation. Valve 
mechanism is iso- 
lated from the 
heat of the float 
chamber. Large 
area straight- 
through blow-oflf 
valve is standard 
equipment. 


The McDonnell 
No. 2 Switch used 
in the No. 47-2 is 
Underwriters’ ap- 
proved. Electrical 
rating: a-c., % hp 
110-220 V.; d-c., 
10 amp. 125 V. 



The illustration above shows a typical in- 
stallation of the McDonnell No. 51-2 Com- 
bined Boiler Water Feeder and Switch used 
for larger boilers. This combination func- 
tions the same as the No. 47-2, the feeder 
taking care of normal requirements and 
the switch safeguarding against emergencies 
by cutting off the burner in automatically 
fired boilers or completing a low water 
alarm circuit for hand fired installations. 
The feeder is also furnished for hand fired 
boilers (as No. 51) without low water 
cut-off and alarm switch. 

Basic features of the No. 51-2 are the 
^me as in the No. 47-2, except that it is 
installed with 1 in. equalizing pipe instead 
of the McDonnell “Quick-Hook-Up” and 
has the larger 
feeding capacity 
required for larger 
boilers. 

For boiler operating 
at pressures from 35 
lbs to 75 lbs use the 
McDonnell No. 53-2 
(with switch) or No. 

53 (without switch). 

Electrical rating of 
switches used in No. 

51-2 or 53-2 is the 
same as previously 
given for the No. 47-2. 
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McDonnell No. 67 Low Water Cut-off for automatically-fired steam boilers 
of any size. Maximum steam pressure, 25 lb. 

The No. 67 takes care of low water cut-off requirements of automatically 
fired boilers with steam pressure below 25 lbs. It has the McDonnell 
“Quick-Hook-Up” for quick, easy and trouble-proof installation in the 
gauge glass tappings; deep sediment chamber with large quick- 
opening blow-off; packless, non-binding construction; adjust- 
able terminal box to make wiring neat and easy; dependable, 
snap-action, twin switches. 

One switch closes on small drop without stopping burner. It 
can be used to complete an alarm bell circuit, warning of ap- 
proaching low water, or can be used to complete circuit to the 
McDonnell No. 101 Electric Water described below. Second 
switch cuts current to burner if water level drops to 34 inch in gauge glass. 

Underwriters’ ratings for both switches: a-c , % hp, 110-220 V.; d-c 34 hp, 115 V. 

McDonnell No. 101 Electric Boiler Water Feeders 
for boilers up to 5000 sq. ft. capacity 
The No. 101 is an electric water feeder for use with No. 67 Low 
Water Cut-off or with McDonnell “built-in” Low Water Cut-offs 
which are standard equipment on many modern heating boilers. 

It converts the cut-off into a combination boiler water feeder and 
low water cut-off as described on the opposite page. 

McDonnell No. 150 Pump Control, Low Water Cut-off 
and Alarm Switch for boilers of any size. Maximum steam pressure, 150 lb. 





This boiler water level 
control may be used as a 
pump control, a low water 
cut-off, a low 
water alarm 
switch, or any 
combination 
of these func- 
tions. Elec- 
trical ratings 
are. a-c., 1 hp, 

110-220 V., d-c, 34 hp, 
pump control or cut-off; 
a-c. or d-c — as low water alarm. No. 150 
has automatic reset low water cut-off 
switch but may be ordered with manual 
reset as No. 150-M. 

A typical hook-up of the McDonnell 
No. 150, controlling an electric pump and 
providing low water cut-off, is shown 
opposite. When water level drops in. 
below normal. No. 150 starts pump and 
then stops it when normal water line has 


110-220 V.— as 
1 amp. 110 V, 


been restored. If emergency occurs and 
water level falls to arrow mark on body of 
control, cut-off switch stops burner. If 
steam pump is used. No. 150 is wired to 

BOILER FEED UNE 



control electric valve in steam line to 
pump. Note that McDonnell No. 51-S 
Feeder is used to supply make-up water 
to the pump receiver. 

Drawings available covering use of No. 150 
on two or more boilers supplied by a common 
feed pump; ask for No. 150 Data Book. 


McDonnell Safety Relief Valves 


The No. 29 series of Safety Relief Valves 
have “snap action” — 3 . mechanical means 
of opening full orifice capacity at precise 
instant set pressure is reached. Resulting 
large discharge capacity makes it feasible 
to rate them in heat dissipa- 
ting capacity so they can be 
matched to Btu. output of 
unit on which they are in- 
stalled, thus preventing 
over-pressures and protect- 
ing against explosions. 

Stainless steel cone re- 
places conventional com- 
No. 29 position disc. Long-lived, 


compact bellows replaces broad diaphragm 
of ordinary valves. Testing lever is easy to 
operate. All valves comply with A.S,M.E. 
code. 


(1) For Hot Water Heating Boilers 


Valve No. 

Opening Pressure 

Btu. Output 

29 

29 lbs 

156,000 

129 

29 lbs 

350,000 


(2) For Domestic Hot Water Heaters and Tanks 


Valve No. 

Opening 

Pressure 

Max. Water 
Supply Pres. 

Btu. Output 

229 

75 lbs 

50 lbs 

316,000 

329 

100 lbs 

75 lbs 

' 380,000 

429 

150 lbs 

100 lbs 

432,000 
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]? ADlATOR 
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9lew'=yo>ik CORPORATION 


WAR-TIME RESTRICTIONS 


In order to conserve vital materials, the 
War Production Board has issued Limita- 
tion Orders placing the manufacture and 
distribution of several items of American 
Heating Equipment under certain restric- 
tions. 

However, the products shown on these 
pages can still be furnished for duly au- 


thorized requirements, subject, of course, 
to prior commitments and any further 
Limitation Orders that may be issued. 

As the critical metal situation changes, 
revisions may be made in these restrictions. 
We invite inquiries relative to our ability 
to furnish any of our products under the 
circumstances prevailing at time of inquiry. 



SEVERN BOILER 
FOR COAL (stoker or 
hand-fired), or OIL 

An exceptionally effi- 
cient Boiler with many 
new features for con- 
venience and economy. 
Ratings: Steam — 350 to 
780 sq ft, Water — 560 to 
1250 sq ft, installed radi- 
ation. 


ARCOLINER 
FOR COAL (stoker or 
hand-fired) or OIL 

An attractive boiler of 
advanced design for 
heating smaller homes 
inexpensively and well. 
Ratings: Steam — 180 to 
460 sq ft, Water — ^290 to 
740 sq ft, installed radi- 
ation. 





“EMPIRE” GAS 
BOILER 

Designed by experts to 
bum gas efficiently, 
economically. All 
controls concealed. 
Ratings: Steam — 163 
to 1097 sq ft. Water — 
135 to 1755 sq ft, in- 
stalled radiation. 


OAKMONT OIL 
BOILER 

A highly efficient 
moderate priced Boil- 
er for small homes. 
Also supplied as com- 
plete boiler-burner 
unit with Arcoflame 
Burner. Ratings: 
Steam — 390 to 810 
sq ft, Water — 625 to 
1295 sq ft, installed 
radiation. 




STANDARD 
GAS BOILER 
Basically the 
same as the 
‘'Empire” Gas 
Boiler shown at 
left, but without 
jacket. Ratings: 
Steam — 400 to 
11,905 sq ft, 
Water — 135 to 
19,048 sq ft, in- 
stalled radiation. 


MOHAWK 
Winter Air 
Conditioner 
Gas-Fired 
Provides com- , 

plete, automatic j 

gas-fired Winter i 

Air Conditioning | 

in small, medium s 

or large sized 
homes. Capaci- . 

ties range from * 

60,000 to 300,000 
Btu input per hour. 
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T r , , c* Oil Burners, 

Jtieaung systems • water Heaters, 
Accessories 


American ^ ^tandand 
Radiator 


9lew'^o>ik CORPORATION ^UUiwujh 


Our ability to furnish products shown 
herein is subject to War Time regulations. 



IDEAL REDFLASH 
ROILERS — Ooal 
(hand-fired) or Oil 
Economical heat for 
any size or kind of 
building. Attractive 
red jacket, fully in- 
sulated. Ratings: 
Steam — 650 to 9900 
sq ft, Water — 1040 to 
15,840 sq ft, installed 
radiation. 



ARGO RADIATOR 
The modern, slim type 
radiator that occupies less 
space and gives more heat. 
It comes in four narrow 
widths and in four heights 
— 19, 22, 25 and 32 inches. 


Arco Radiator 



Vento 


VENTO CAST-IRON 
BLAST SURFACE 
For blower heating, 
ventilating, cooling. 
Vento possesses an 
unusually large area 
of effective surface 
for maximum effi- 
ciency. Cast-iron 
construction assures 
dependability and 
permanence. 


ARCOFLAME OIL BURNERS 



The Model 
“C” Arcoflame 
has a capacity 
of up to 3 gal- 
lons per hour. 
The Model 'T” 
(not shown) 
from 3 to 7 gal- 
lons per hour. 
Both embody 
unusual and 
highly efficient 
features. 


A 


MERICAN 


LBUnitG EWIPMENT 

OtSrSMWffiETHUIOniEK 




IDEAL WATER 
TUBE BOILERS 
Coal (hand or 
stoker fired) or Oil 
For medium to large 
size buildings. Noted 
for efficient perfor- 
mance and economy. 
Ratings: Steam — 400 
to 11,000 sq ft, Water 
— 640 to 17,600 sq ft, 
installed radiation. 



ARCO 

CONVECTOR 
For convection 
heating at its 
best. Available 
in four widths 
and in virtually 
any desired 
length. 



Arco Convector 


ARGO 
MARINE 
CONVECTOR 
Especially 
designed for 
Marine use. 
Non-ferrous. 
Highly effi- 
cient. For all 
systems except 
one-pipe steam. 




No. 861 Arco No. SOO Arco- No. 999 Arco 
Detroit Hurt- Detroit Mtdtt- Backless Steam 
vent Valve Port Valve (for Radiator 

(for main) radiators) Valve 
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THE BABCOCK Be WILCOX COMPANY 


85 Liberty Street 

Water-Tube Boilers 
Oil Burners 


Manufacturers of 



New York, N. Y. 

Chain- Grate Stokers 
Seamless Steel Tubing and Pipe 


Branch OfSces and Representatives in all Principal Cities 


Type H Stirling Boiler 

The Babcock & Wilcox Type H Stirling 
Boiler is a highly efficient unit built for 

moderate pressures at moderate prices 

and is designed to occupy minimum floor 
space and head room for the heating sur- 
face required. 

This boiler is built in four classes and 36 
sizes ranging from 691 to 6225 sq ft of 
heating surface, and can be designed for 
operation with any fuel and every method 
of firing. 

^ The moderate price is due only to the 
simplicity of design, efficient production 
methods and superior shop equipment. 



Type B Shrling Boiler with Babcock dk Wtlcox 
Chain-^rate Stoker 


Advantages of the Babcock & Wilcox 
Type H Stirling Boiler: 

Unusual steaming capacity for the floor 
space and head -room required. 

The choice of three locations for gas exit 
reduces cost of flues and breeching. 

Distribution baffles make effective all of 
the heating surface. 

Tube renewal is facilitated by correct 
tube spacing, and a tube removal door. 

The boiler is supported by a structural- 
steel framework entirely independent of 
the brickwork. 

A complete table of sizes and dimensions 
will be sent upon request. Simply ask for 
Bulletin G-8-C. 



B&W Integral-Furnace Boiler, 
Type FF 

Many of the advantageous features in- 
corporated in large B&W central-station 
boilers are now available for the first time 
in the B&W Integral-Furnace Boiler, Type 
FF, which is offered in sizes ranging from 
1353 to 6506 sq ft heating surface. 

Distinguishing features include: 

A completely water-cooled furnace. The 
construction provides water cooling for 
front and rear (or bridge) walls, as well as 
side walls and roof. 

A furnace arrangement in which the 
primary combustion zone is followed by an 
open pass, thus making use of a principle 
of combustion that was first developed and 
used successfully in the B&W Open-Pass 
Boiler for central stations. This design 
insures mixing of the gases while at high 
temperatures, thereby aiding efficient and 
smokeless combustion. 

Cyclone Steam Separators, which pro- 
vide dry steam at high boiler-water con- 
centrations independently of normal varia- 
tions in water level, and increase circula- 
tion by eliminating steam from the water. 

These, with related features, result in a 
boiler that is outstanding for economy of 
fuel and maintenance and for ease of 
operation. Write for Bulletin G-34. 
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No. 1, 2, 3 and 36 in. 
Series — ^All Fuel. 230 
to 4920 sq ft steam and 
370 to 7880 for water. 


Cabinet Type Radi- 
ant Radiator — Two 
heights. 20 and 23 
inches. 


Burnham Slenderi- 
zed Radiator — Made 
in 3 to 7 tubes in 
heights of 14 to 32 
inches. 
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Boilers, Radxaiors, Furnaces, 
Heating Accessories, S to Jeers 


Crane Go. 

BOILERS, RADIATORS, FURNACES, VALVES, FITTINGS, PIPE, STEAM 
SPECIALTIES, PLUMBING AND HEATING MATERIALS 
General Offices: 836 South Michigan Avenue, Chicago 5, Illinois 
Nation-Wide Service Through Branches and Wholesalers 


F 

1 . OR the war’s duration, the manufacturing facilities for Crane Boilers and Radiators 
have been converted to making vital war materials. Production of Crane heating equip- 
ment is being limited to essential repair parts and fuel conversion kits for boilers. 

During this emergency, as in peacetime, Crane Co. solicits your steady patronage. Pro- 
vision has been made to continue serving you with other makes of reputable equipment. 

On all heating problems, Crane Co. remains your “Headquarters” for dependable 
engineering data and specifications on all types of systems Look to Crane for: 

1. Complete heating equipment for all authorized installations. 

2. Boilers, furnaces and accessories for all types of War Housing 
Construction. 

3. Complete kits for conversion of oil-fired boilers to coal-burning 
where practical to do so. 

4. Repair parts for existing Crane boilers to keep them at maxi- 
mum efficiency. 

\ our local Crane Branch or \\ holesaler will gladly supply full information regarding 
these products. 


LIST OF CRANE BRANCHES 


Birmingham . 
Mobile . 


ALABAMA 

2 S Twentieth St. 

300 N. Royal St. 


DISTRICT OF COLUMBIA 
W.ASHiNGTON 1225 Eye St , N W. 


ARIZONA 

PnoENDC. 233 S. First Ave. 

TLtsoN„ 35 E. Toole iA.ve. 


ARKANSAS 

Ft. Smith 221 S. Ninth St. 

Little Rock 315 E. Second St. 


CALIFORNIA 

Long Beach 824 \V. Anaheim St. 

Los Angeles 321 E. Third St. 

Oakland 346 Ninth St. 

Sacramento 1227 Front St. 

San Bernardino 110 South “E” St. 

San Diego 1138 India St. 

San Fr.\ncisco... 301 Brannan St. 

Santa Ana 919 Poinsettia St. 

COLORADO 

Den\'er* 1631 Fifteenth St. 

Grand Jlt^ction* 601 Pitkin Ave. 

Plteblo* 216 W. Third St. 

CONNECTICUT 

Bridgeport. 302 John St. 

Hartford 710 Windsor St. 

New Haven 365 Orchard St. 


FLORIDA 


Jacksonville 1007 W. Bay St. 

Miami 85 N.W. Tenth St. 

Tampa 1405 Twiggs St. 

West Palm Beach 601 Lantana Ave. 


GEORGIA 


Atlanta Washington St. Viaduct 

Macon. — 500 Broadway 

Savannah. — 14 W. Broad St. 

IDAHO 

Boise, 214 S. Fifth St. 

Pocatello 756 S. First Ave. 


ILLINOIS 

Aurora 544 S. Lake St. 

Chicago.... 156 N. Jefferson St. 

Northwest Branch 3500 Milwaukee Ave. 

SouTHSiDE Branch 231 West 79th St. 

Rockford 800 S. Main St. 

Springfield 921 E. Monroe St. 

Waukegan.. 1219 Glen Rock Ave. 

*(Crane-0’Fal]on Co.) 
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Crane Co. 


Heating Systems 


Boilers, Radiators, Furnaces, 
Heating Accessories, StoJkers 


LIST OF CRANE BRANCHES (Cont.) 

INDIANA I NORTH CAROLINA 


East Chicago 1004 Chicago Ave- 

Evaxsville 118 S E. Eighth St 

Indianapolis... . . . ... 333 W. Market St. 

Muncie., 342 N Pershing Dr. 

South Bend_ 1016 S. Fianklm St. 

Terre Haute 209 N. Ninth St. 

IOWA 

D vvenport. . . . 217 E Second St. 

Sioux Cir\ 223 Jackson St. 

KANSAS 

Wichita 624 E. First St. 

KENTUCKY 

Lexington. 165 IMidland Ave. 

LOUISIANA 

New Orleans 1148 S. Peters St. 

Shreveport 1320 Winston St 

MAINE 

Portland 70 St John St 

MARYLAND 

Baltimore 626 W. Pratt St. 

MASSACHUSETTS 

Boston._ 48 W. First St , South Boston 

Springfield 60 Cypress St. 

MICHIGAN 

Detroit 150 Randolph St. 

Flint. ... 155 Lewis St. 

Grand Rapids 56 Grandville Ave., S.W. 

Jackson. .. 409 Hupp Ave. 

MINNESOTA 

Dltluth... 102 Lake Ave , S. 

Mankato 510 S. Pike St. 

Minneapolis 400 Third Ave., N. 

St. Paul 356 Broadway 

MISSISSIPPI 

Jackson 176 N. Gallatin St. 

MISSOURI 

Kansas City 1328 W. Twelfth St. 

St. Louis._ 30 S. Sixteenth St. 

MONTANA 

Billings 30th St and First Ave , S. 

Great Falls.„. 2 Third Ave., S. 

NEBRASKA 

Grand Island 115 E. Front St. 

Omaha 323 S. Tenth St. 

NEVADA 

Reno 401 E. Fourth St. 

NEW JERSEY 

Newark 90 South St. 

Trenton.„ 50 Escher St. 

NEW MEXICO 

Albuquerque* 612 N. First St. 

NEW YORK 

Albany ....North Broadway 

Binghamton 21 Washington St 

Buffalo J201 Church St. 

Hempstead .209 Main St. 

New York, 

47-30 Twenty-Ninth St., Long Island City 

Rochester 200 South Ave. 

Syracuse 760 W. Genesee St. 

Utica 326 Broad St 


Asheville .. .,531 McDowell St. 

Cii.vrlotte 1307 W Morehead St. 

Greensboro 205 S. Lyndon St. 

NORTH DAKOTA 

F\rgo 636 Northern Pacific Ave. 

OHIO 

Akron 425 S. High St. 

C.vNTON 210 Piedmont Ave , S.E. 

Cincinn.ati 824 Broadway 

Cleveland 6215 Carnegie Ave. 

CoLUMBUs,_ 67 N Front St. 

Dayton 901 S Perry St. 

Lim.a 207 S Central Ave. 

Toledo 384 S Erie St 

OKLAHOMA 

Muskogee 302 Commerd^ St. 

Okl.ahoma City..... 705 W. Main St. 

TULS.A 623 E. Third St. 

OREGON 

Portland 710 N.W. Fourteenth Ave. 

PENNSYLVANIA 

Philadelphia.- .245 Master St. 

Pittsburgh 40 Twenty-Fourth St. 

Reading 407 N. Front St. 

RHODE ISLAND 

Providence 245 W. Exchange St. 

SOUTH CAROLINA 

Greenville 223 W. McBee Ave. 

SOUTH DAKOTA 

Aberdeen 324 Railroad Ave., E. 

Sioux Falls 326 E. Eighth St. 

TENNESSEE 

Chattanooga 1317 Chestnut St. 

Knoxville 523 W. Jackson Ave. 

Memphis .254 Court Ave 

Nashville 532 Eighth Ave., S. 

TEXAS 

Beaumont 720 Fannin St. 

Corpus Christi 1212 N. Tancahua St. 

Dallas 814 Young St. 

El Paso* 1609 Texas St. 

Harlingen 201 West “C" St. 

Houston.- _...2205 McKinney Ave* 

San Antonio 1200 E. Houston St. 

UTAH 

Ogden Twentieth St. and Wall Ave. 

Salt Lake City 307 W. Second, South 

VIRGINIA 

Norfolk 2 E. Twenty-Second St. 

Richmond 1223 W. Broad St. 

WASHINGTON 

Seattle 419 Second Ave., S. 

Spokane- 126 S. Post St. 

Tacoma 1209 South “A” St 

WEST VIRGINIA 

Charleston 502 Broad St. 

WISCONSIN 

Madison 641 Williamson St. 

Milwaukee 321 E. Chicago St. 

Oshkosh 37 Market St. 

WYOMING 

Casper* 802 East “C” St. 


*(Crane-0’ Fallon Co.) 


NATION WIDE SERVICE THROUGH BRANCHES, WHOLESALERS, PLUMBING AND HEATING CONTRACTORS 
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Titzgibbons Boiler CompaniiJnc. 

Established 1886 

General Offices: Architects Bldg., 101 Park Avenue 
New York 17, N. Y. 

Works: OSWEGO. N Y 

Branches and Representatives in Principal Cities 


PRODUCTS— STEEL HEATING and POWER BOILERS for all fuels and all 
heating systems. Capacities to meet requirements of any building. Built 
and rated according to S, H. B. L Code. —AIR CONDITIONERS for “Split- 
Systems” and for Direct-Fired installations in residences of all sizes. 


As in the case with all of the 
country’s industrial leaders, the 
full capacity, employment, faci- 
lities, and engineering skill of 
Fttzgibhons is enrolled in the 
service of the United States, for 
the production of vital equip- 
ment used by the U. S. Army 
Ordnance Department, U. S. 
Navy, the Maritime Commis- 
sion, and Lend-Lease. Fitz- 
gibbons is proud to record this 
recognition of its outstanding 
skill and experience in engineering 
and manufacturing production, 
and to carry out to the utmost its determination to add all the force of its modern shops 
to the country’s Axis-smashing effort. 

The manufacture of steel boilers and warm air furnaces is naturally affected by the 
call to war duty, but the planning and development of Fitzgibbons equipment for heating 
comfort and air conditioning goes on undiminished. And for the immediate need, 
Fitzgibbons service for the maintenance of existing equipment offers ready cooperation 
in the shipment of necessary parts, and in engineering consultation and advice to meet 
heating and air conditioning maintenance problems. 

Any lessening of wartime demands and easing of the materials market, uill find 
Fitzgibbons first in line on the home front to again supply the steel boilers and air con- 
ditioners which since 1886 have set the pace in comfort and fuel economy. 



Typical FITZGIBBONS Residential 



The Army-Navy 
flag flies 
proudly over 
the Fitzgibbons 
, plant at Oswe- 

go, N. Y., emblem of the 
successful determination of 
the men and women of Fitzgib- 
bons to produce the materials of 
mechanized war in the quantities 
that will bring Victory. 




Steel Heating Boiler 
400 Series 
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Warm Air Furnace 
80FWA 


Direct-Fired Airconditioner 
The ^*Directaire^* 



Fitzgibbons Boiler Co., Inc. 
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FITZGIBBONS RESIDENTIAL HEATING EQUIPMENT: 

When this catalog went to press, the production of the famous Fitzgibbons residential 
steel heating boilers and air conditioners was restricted by Federal limitations. How- 
ever descriptive bulletins and complete engineering information are available through 
our field sales engineers, who will be glad^to talk with you on your post-war housing plans. 

FITZGIBBONS “D” TYPE 
Steel Firebox Boilers 

The “D” Type arranged for rear smoke outlet. 
Built for 15 lb w.s.p. — A,S.M,E. Code. 

Up-Draft Type 1800 to 35,000 sq ft steam 

Oil, Gas, Stoker 2190 to 42,500 sq ft steam 

Smokeless Type 1800 to 35,000 sq ft steam 


“D” Type 




500 Senes 


FITZGIBBONS 500 SERIES 

Portable Welded Firebox Boilers — 
Return Tubular 

Built for 15 lb s.s.p. — A.S.M.E, Code. 

Ratings, steam....3500 to 35,000 sq ft hand fired. 

4250 to 42,500 sq ft mech. fired. 
Oil, Gas, Stoker, and hand-fired types. 







700 and “P” Senes 


FITZGIBBONS 700 AND “P” SERIES 
Portable Riveted Firebox Boilers 

700 Series for 15 lb w.s.p. — A.S.M.E, Code. 
Ratings, steam — 3500 to 35,000 sq ft hand fired. 

4250 to 42,500 sq ft mech. fired. 
“P” Series for 100 and 125 lb w.s.p. — A,S.M.E. 
Code. 

Ratings, horsepower — 25 to 250 hand fired. 

30 to 261 mech. fired. 
Oil, Gas, Stoker, and hand-fired types. 



600 and 800 Series 


FITZGIBBONS 600 AND 800 SERIES 

Smokeless Down-Draft Riveted 
Firebox Boilers 

600 Series for 15 lb w.s.p. — A.S.M.E, Code. 
Ratings, steam — 3500 to 35,000 sq ft hand fired. 

4250 to 42,500 sq ft mech. fired. 
800 Series for 100 and 125 lb w.s.p. — A.S.M.E, 
Code. 

Oil, Gas, Stoker and hand-fired types. 

Ratings, horsepower — 25 to 250 hand fired. 

30 to 261 mech. fired. 
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Farrar & Trefts 

Incorporated 

20 Milburn Street, Buffalo 12, N. Y. 

Atlanta, Ga. 

Auburn, N. Y. 

Batavia, N. Y. 

Buenos Aires, S A, 

Butte, MoNf. 

Cambridge, Mass. 

Charlotte, N. C. 

Chattanooga, Tenn 


Chicago, III. 
Cleveland, Ohio 
Dallas, Texas 
Detroit, Mich 
Grand Rapids, Mich 
Hutchinson, Kan. 
Indianapolis, Ind. 
Jamestown, N. Y. 


Kingston, Pa. 

Los Angeles, Calif. 
Louisville Kv. 
Minneapolis, Minn. 
Nashville, Tenn. 
New York, N. Y. 
Nutley, N. J. 
Pittsburgh, Pa. 


Richmond, Va. 
Rochester, N. Y. 

St Louis, Mo. 

San Antonio, Texas 
San Francisco, Calif. 
Seattle, Wash. 
Toledo, Ohio 
Washington, D. C. 



The Bison Compact 
radiation, all ratings as 


The F&T Bison Compact Welded Heating Boiler is more 
than just another boiler. It has been designed carefully so as to 
have a large furnace volume, the proper volume of water, just 
the right amount of steam liberating surface, the correct volume 
for steam storage and a balanced circulation. The result is a 
remarkably steady water line — Balanced Boiler. 

This boiler requires a minimum amount of floor space and is 
easy and inexpensive to install. It is reasonable as to first cost 
and economical in operation. Construction is in accordance 
with the A Code for 15 lb working pressure and boilers 

are designed for hand firing with anthracite or bituminous coal 
or for mechanical firing with oil, gas or stoker. There are 
various sizes available from 1800 to 35,000 sq ft of steam 
required by the Steel Heating Boiler Institute. 


The Bisonette Compact Boiler has the same characteristics as the larger Bison 
Compact Boiler. It has been designed for installation in large residences and small 
business establishments where the advantages inherent in a Steel boiler are desired. 




Firebox Return Tubular Heating Boilers are 
Quality Boilers. They are constructed to measure up 
to the high standards set by Heating Engineers and will 
give unfailing service under all conditions. Being 
economical to install and operate, they are highly 
favored by Architects and Engineers for heating 
Schools, Hospitals, etc. 

There are two types of Firebo.x Boilers, the Up-Draft 
Type and the Down-Draft Type. Both types are made 
of welded or riveted construction for heating purposes 
at 15 lb working pressure and riveted, or, Class 1 fusion 
welded x-rayed and stress-relieved for power purposes 
at 100, 125 and 150 lb working pressure in accordance 
with the A.S.M.E. Code, Sizes from 1800 to 35,000 sq ft of steam radiation, as rated by 
the Steel Heating Boiler Institute^ are designed for hand firing with coal or for mechanical 
firing with oil, gas or stoker. 


Firebox Return Tubular Botier 


The Bison Low Pressure Scotch Wet-Back Top 
Boilers are carefully proportioned and balanced. They 
are^ designed for hand, oil, gas or stoker firing, for 
ratings from 15 to 250 hp. These boilers operate 
efficiently and carry sustained overloads. The Front 
Smokebox Door Open Sideways giving easy access to the 
tubes. 

The Wet-Back Top increases the heating surface and 
steam disengaging area, thus adding to the capacity of 
these boilers. F&T boilers are designed so that the 
round furnace is always longer than the tube length 
. . . which increases the furnace volume. This gives a large 

combustion volume m proportion to horsepower rating which makes the boilers very 
ecpnormcal to operate and exceedingly Quick Steamers!' 

“Catalogs on Request” 
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The International Boiler Works Company 

East Stroudsburg, Pa. 

'Tuel Saver'' Water Tube Steel Heating Boilers 

SALES OFFICES IN PRINCIPAL CITIES 


International “FUEL SAVER” Water Tube Steel Heating Boilers offer the same 
quick steaming and economy that have long been accepted as most efficient in marine 
and industrial service. '‘FUEL SAVER” Water Tube Boilers are available for large 
and small heating requirements in a wide range of types and capacities, 

TYPE C “FUEL-SAVER” 

WATER TUBE STEEL HEATING BOILERS 

For Office and Apartment Buildings, Schools, Hotels, Theaters, 
Institutions and Industrial Plants 

Built in a complete range of standardized sizes and provide 
highly efficient performance for heating large buildings. 

Up-to-date water tube design permits absorbing the intense 
heat released by modern methods of firing and they will 
operate efficiently under loads considerably in excess of ratings. 

1 Q f from 2680 to 42,500 sq ft mechanically fired rating 
lb sizes I 2200 to 35,000 sq ft hand fired rating. 



TYPE KD “FUEL-SAVER” WATER TUBE STEEL HEATING BOILERS 



For Replacement Installations in Large Buildings Eliminates 
Costly Cutting and Patching 

Especially designed for renovation and replacement 
work. Shipped knocked down in standardized parts 
that can be taken through existing doors or openings 
to basement and boiler room. 

International erects or assumes full responsibility 
for erection work of knocked down boilers. 


15 sizes -j 


5850 to 56,470 sq ft mechanically fired rating. 
4810 to 46,510 sq ft hand fired rating. 


TYPE FR STEAM GENERATOR UNIT 


Scotch Type with Forced Recirculation 
For Military, Marine, and Civil-Power, Processing, or Heating 

The TYPE FR Steam Generator is a compact and completely coordinated self- 
contained unit, with an exceedingly low space, weight, and horsepower ratio. 

Standard construction and equipment has been stressed in the design and manu- 
facture of Type FR Steam Generators. 

Operators quickly recognize that the familiar features and extreme simplicity of these 
units guarantee easy maintenance and trouble-free operation. 


TYPE FR Steam Generators are 



Licensed under LaMoni Patents 


i on rigid steel chassis, with all auxiliary 
equipment necessary^ for self-contained 
and automatic operation when connected 
with electrical, fuel oil, and feed water 
supply lines. 

TYPE FR Steam Generators are fur- 
nished in all standard working pressures, 
from 15 to 200 pounds per square inch, 
and from 20 to 300 boiler horsepower. 

ADVANTAGES 

1. Portability — FR Steam Generators are 
complete package units. 

2. Minimum Installation Time — ^Every unit 
is adjusted and tested before shipment, for 
efficient performance at rated capacity. 

3. No Stack — ^Primary and secondary air for 
efficient and smokdess combustion are fur- 
nished by forced draft fan. A small exhaust 
vent is aU that is required. 

4. FUEL SAVER — Overall efficiency 80 per cent -f-. 
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KEWANEt DQILER C?RPO|^T|ON 

Kewanee, Illinois 

BRANCHES IN 64 PRINCIPAL CITIES 

Steel Heating and Power Boilers, Water Heating Garbage Burners, Tabasco Heaters and Tanks. 
KEWANEE STEEL HEATING BOILERS ^®venty-six years ^ of intensive study and effort are back of 


Keioanee Boiler Corp 
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Kewanee Boiler Corp. 


Heating Systems • soiiers, steei 



1083 


Ketoanee Boiler Corp. 
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Kewanee Boiler Corp, 
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THE NATIONAL RADIATOR COMPANY 


MODERN DESIGN 
Johnstown 



HEATING EQUIPMENT 
Pennsylvania 


Branch Offices: 


BjU-timore „..2022 Matthews Street Philadelphia 401 North Broad Street 

Bosrox li>7 Bndfie Street. Cambridge Pittsburgh. — . . . 404 Arrott Building 

Chicago - - Daily News Building Richmond Richmond Trust Building 

New York 00 East 42nd Street Washington. . 600 “\V” Street N E. 


No. 1-2-3 SERIES C.I. BOILERS 


ART RADIATORS 



Latest boiler design in pre- 
war equipment. Six flue- 
ways, extended heating 
surface on firebox crown- 
sheet and surfaces of flue- 
ways. Baffles on both 
sides of each section preci- 
pitate excess moisture 
from steam. Front flow 
tapping. Submerged tank 
or tankless hot water 
heaters. 

R.A.TING (I-B-R): 

Hand, Stoker, OiUfired 
Steam — 170-2,300 sq. ft. 

Hot Water— 270-3,680 sq. ft. 



The National “Art” 
radiator was the 
first of the compact, 
thin tube radiators 
to be introduced 
with a complete 
range of sizes. 
Fluted shoulders 
add to the appear- 
ance, giving attrac- 
tive lines. Can be 
furnished legless, 
with high legs or 
special harmonizing 
pedestals. 


OIL HEATING UNITS-Cast-Iron and Steel Design 
GAS HEATING UNITS — Compact; Efficient Heat Absorbtion 


AERO CONVECTORS 



The exclusive design of sloping 
sections exposes a greater amount 
of heating surface to the flow of 
air traveling through the convector. 
More heating surface can be ar- 
ranged in less space with this 
design and additional sections are 
easily added. A variety of Con- 
vector and Enclosure designs and 
coupled arrangements provide flex- 
ibility for installation require- 
ments. 



UNIT HEATERS 



Where a large volume of air is to be heated 
in stores, garages and workshops, the 
NRC Unit Heaters will give efficient dif- 
fusion of warmth to all areas. Available 
in horizontal or vertical shaft types of 
heaters. For steam or hot water. 

ACCESSORIES 

Floor plates, valves, traps, circulating 
water pumps, controls, etc., are furnished 
for complete installations. 


ENCLOSURES 



1894— SERVING THE HEATING INDUSTRY FIFTY YEARS— 1944 
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The N ation al Radiator Company Heating Systems • Boilers, Cast-Iron, Steel 
No. 40-42-48 SERIES — Super- Smokeless and Standard 


Twin sections facilitate assembly. Large 
amount of heating surface and adequate flue- 
ways. Super-Smokeless Boiler has air duct 
separated by^ ribs from section to which at- 
tached, permitting air to circulate around it. 
Air is preheated, delivered in thin streams into 
gases to^ burn unconsumed fuel Bridgewall 
Section is furnished in 11 or more sections. 

RATINGS (Bonded): 

Steam — 2,200-11,200 sq. ft. 

Hot Water— 3.625-18.400 sq. ft. 



PREMIER STEEL BOILERS 

Residential Series — Unjacketed 



The National Premier Steel Boilers are low 
pressure type. The Residential Series is also 
installed in commercial buildings. Electrunite 
tubes assure longer, trouble-free service. True- 
arch crown provides maximum firebox height, 
sludge will not accumulate over hottest part of 
boiler, better heat-absorbing surface. 

RATINGS (SHBI): 

Type DB Hand-fired — Steam — 485-2,200 sq. ft. 

Hot Water — 775-3,520 sq. ft. 
MB Stoker-fired) — Steam — 735-2,680 sq. ft. 
OB Oil-fired j — Hot Water — 1,175-4,280 sq. ft. 


Commercial Series 

Hand-fired series illustrated. Shakers 
and bridgewall eliminated on OB and 
MB types, special front base frame 
(plate) supplied. Recessed smoke box 
for flush front. Three-pass design. 

Special 34 or 34 in. opening grates as 
ordered. Indirect hot water heaters 
located below water line, front con- 
nections for domestic hot water supply; 
also tank enclosed hot water heaters. 

Smokeless arch and detachable, water- 
cooled bridge wall can be furnished (SB 
type). Rear and front smoke outlets. 

RATINGS (SHBI). 

Type DB-SB Hand-fired — Steam — 1,800-35,000 sq. ft. 

—Hot Water— 2,880-56,000 sq. ft. 
DF-SF Hand-fired — Steam — 3,000-35,000 sq. ft. 

(Front Outlet) — Hot Water — 4,800-56,000 sq. ft. 
MB Stoker-fired ) — Steam — 2,190-42,500 sq. ft. 

OB Oil-fired J —Hot Water— 3,500-68,000 sq. ft. 
MF Stoker-fired — Steam — 3,650-42,500 sq. ft. 
OF Oil-fired (Front) — Hot Water — 5,840-68,000 sq. ft. 

CATALOGS WITH COMPLETE DATA AND DIMENSIONAL 
INFORMATION WILL GLADLY BE FURNISHED 
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Tankless Hot 
Water Heaters. 

Tank Enclosed 
Hot Water Heaters. 
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Spencer Heater 

Division — ^The Aviation Corporation 

Williamsport, Pa. 

Sales Representatives in Principal Cities 



Spencer Automatic Magazine Feed Heaters are furnished in cast iron sectional 
types — and steel tubular types for larger buildings — for steam, vapor and hot water 
heating. There is a size and capacity for every type of building, to provide economical 
and convenient heat — safe, dependable, sure. 

COMFORTABLE HEAT AT LOW COST 



Spencer Jacketed 'Sealer L-l Series 


Why Spencer Heaters perform so satis- 
factorily can best be explained by an 
inspection of their design and construction. 
The Spencer principle, illustrated in the 
cross-sectional view, is simple: 

Once a day fuel (No. 1 Buckwheat 
Anthracite or small size by-product coke) 
is put into the magazine. It fills the sloping 
grate to the level of the magazine mouth. 
The fire bed always stays at the proper 
level, for as fast as fuel burns to ash, it 
shrinks and settles on the sloping grate; 
and more fuel rolls down automatically 
over the top of the fire bed. F uel feed is by 
gravity alone, in just the right amount to 
keep the fire always burning at its most 
efficient combustion point. 

This explains why a Spencer Automatic 
Magazine Feed Heater always gives the 
same uniform, satisfying heat, and bums 
less fuel. These exclusive Spencer ad- 
vantages are available in all types of the 
magazine feed heaters and boilers. 


Coal — Coke — Gas — Oil — Spencer 
J and L series heaters and M series boilers 
are primarily designed to burn low cost 
No. 1 Buckwheat Anthracite or small size 
coke. 

If at any time a property owner desires 
to bum more expensive fuels — oil or gas — 
his Spencer Heater can be readily con- 
verted and will show a high efficiency. 

Thermostats — Thermostats and 
electric damper motors are furnished as 
optional equipment. 

Jacketed Covering — Illustrated in the 
attractive metallic jacket of the deluxe 
enclosing type for Spencer Cast Iron 
Heaters, either with or without the en- 
closing jacket doors. 


Spencer Heavy Duty Tank Heaters — 
With the automatic magazine feed con- 
struction, they provide ample domestic 
hot water at lowest cost, and with a 
minimum of tank heater attention. 



Cutaway sectional view Spencer Cast Iron Heater 
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SPENCER ALL YEAR SYSTEM 


In addition to the excellent heating 
facilities afforded by Spencer Magazine 
Feed Heaters, Year Round Domestic Hot 
Water Service can also be provided and 


assures at all times an ample supply of 
domestic hot water at lowest cost. Com- 
plete data for installation and operation 
upon request. 


SPENCER STEEL TUBULAR 
MAGAZINE FEED BOILERS 

For large buildings we recommend Spencer 
Steel Tubular Magazine Feed Boilers, burning 
low cost No. 1 Buckwheat Anthracite or coke. 

In the cross-section diagram, part of the fire 
bed is cut away to show the sloping grates and the 
two magazines filled with fresh coal, ready to 
feed down automatically by gravity to the fire. 
These boilers are built in two vertical sections for 
ease in handling and installation — a great ad- 
vantage on replacement jobs, eliminating the 
necessity of costly tearing out of walls or parti- 
tions. Combination water and fire tube con- 
struction; built to A.S M.E. standards. 



Steel Tubular Magazine Feed Boiler 


SPENCER STEEL TUBULAR BOILERS 
For Oil, Stoker, Gas or Hand-Firing 


For more than 55 years, Spencer has 
been building, in the opinion of experts, 
one of the most efficient, economical and 
dependable automatic coal burning boilers 
on the market. With this background of 
experience, Spencer Engineers developed 
the Spencer Steel Tubular Boiler for oil, 
gas, stoker and hand-firing — the '‘K” and 



*‘C” series for residential use, and the 
Type “A” for larger buildings. They are 
better boilers both for the property owner 
and for the architect or engineer who 
specifies them. 

The high sustained efficiency of these 
boilers means adequate heat for a lower 
fuel cost Design is of the three pass type. 
Combustion chamber is amply large. Built 
of best quality open hearth steel boiler 
plate, and steel tubes. Can be fur- 
nished with domestic hot water heating 
coils, storage tank or instantaneous type. 

A complete range of sizes from 400 sq ft 
SHBI net steam 
rating up. They 
meet or exceed in 
every particular 
the requirements 
of the A.S.M.E. 
and S. H. B I. 
Codes. 




Type '‘A" Steel Boiler 


“C’' Series Steel Boiler 


Series 


Every Spencer Boiler is guaranteed to 
carry more than its full rated load giving 
the installer a definite factor of safety. 


These boilers have all the advantages of 
the Spencer exclusive design and are read- 
ily adapted to mechanical oil or stoker 
firing — or hand-fired coal or coke. 
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The H. B. Smith Company, Inc. 

Westfield, Mass. 

Branch Oifices and Sales Representatives In Principal Cities 


A complete line of modern cast iron sectional boilers for residential, 
commercial and industrial heating and for domestic hot water supply 


15-20-25 SMITH-MILLS BOILERS 

Capacities 200 sq. ft. to 2275 sq. ft. steam 
radiation.^ This complete line of modern push 
nipple boilers is available in models for oil, gas, 
stoker and hand firing. Provisions have been 
made for built-in domestic hot water heaters and 
controls. 


MILLS WATER TUBE BOILERS 

Capacities 900 sq. ft. to 13,380 sq. ft. of steam 
radiation. Independent header type construc- 
tion — literally thousands of these famous Mills 
boilers have been installed in camps, canton- 
ments, bases, war housing and other essential 
construction during the past two years. Models 
for hand and all types of automatic firing. 




44 Mills 


4 


42 AND 60 SMITH BOILERS 

May be used in batteries for heating loads up to 
and over 100,000 sq. ft. steam radiation. Many 
of these large units installed in industrial plants 
furnish steam for process requirements as well as 
for heating and domestic hot water. 


60 Smith 

SMITH HY-TEST BOILERS 

Smith Hy-Test Boilers for hot water supply, are 
available in several models and many sizes for 
tank capacities to 20,000 gal. Constructed of 
the finest quality grey iron castings, these 
Hy-Test units are carefully tested at high 
pressures before shipment. The No. 17 series, 
for example, is^ tested at 350 lbs. hydrostatic 
pressure — the highest test pressure of any cast 
iron boiler made. 



17 HY-Test 


Complete catalogue information describing Smith boilers is filed in current 
issues of Sweet’s “Engineering” and Domestic Engineering Catalogue Directory 
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Pacific Steel Boiler Division 

United States Radiator Corporation 

General Offices: Detroit, Michigan 

Sales Offices in Principal Cities 

A Complete Line of Low Pressure Steel Heating Boilers 



All Pacific Boilers are built using the 
A.S.M.E. Boiler Code Standards as mini- 
mums. 

LOW WATER LINE SERIES 

Built in the following capacities for steam: 
Coal Burning Sizes — 1800 to 35,000 sq ft. 
Mechanically Fired Sizes — 2680 to 42,500 
sq ft. 

High Fire Box for Stoker Firing — Sizes — 
2680 to 42,500 sq ft. 


All Pacific Boilers are built, inspected, and 
tested under the supervision of the Hartford 
Steam Boiler Inspection and Insurance 
Company, 

TWO-PASS FRONT SMOKE OUTLET 

Built in the following capacities for steam; 
Coal Burning Sizes--4000 to 30,000 sq ft. 
Mechanically Fired Sizes— 4860 to 42,500 
sq ft. 


All Pacific Boilers are made of steel with 
each joint and seam electrically arc-welded 
— built to last a life-time. 

SINGLE-PASS REAR SMOKE OUTLET 
Built in the following capacities for steam: 
Coal Burning Sizes — 1800 to 6000 sq ft. 
Mechanically Fired Sizes — 2190 to 7290 
sq ft. 

PACIFIC THREE-PIECE CONSTRUCTION 

Made up of three parts, shell, firebox and 
base. Pacific Boilers are particularly adapt- 
able to replacement work. Where necessary 
Pacific fireboxes can be split (as illustrated) 
allowing the boiler to be taken into the 
building in four pieces and erected without 
welding on the job. 

Descriptive Bulletins on Pacific Steel Boilers will 
he mailed on request. 
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Boiler 

No. 

Capacity 

Square Feet 

1-B-R Sq Ft 

Direct Cast 

Iron Radiation 


Steam 

Water 

Steam 

Water 

9-4 

1360 

2175 

925 

1480 

9-5 

1785 

2855 

1245 

1990 

9-6 

2210 

3535 

1565 

2500 

9-7 

2630 

4205 

1885 

3020 

9-8 

3055 

4885 

2205 

3530 

9-9 

3480 

5565 

2525 

4040 


\r 2.3SqFt 
25^ 3.0SqFt 
32'^ 3.7SqFt 

*l^i in. Centers. 

40 per cent less space needed for 
these graceful, efficient Capitol ThinTube 
Radiators. 

U. S. THINTUBE 
WALL RADIATOR 


“DEEPFIRE” HOT WATER 
SUPPLY BOILERS 

Coal Fired 


Tested to 

3J0 lb Hydrostatic 
Pressure for 
100 lb Working 
Pressure. 





j Capacity— Gallons 

No. 

100“ Rise 

6 Hours 

85“ Rise 

I Hour 

100“ Rise 

1 Hour 

30-D 30 

792 

155 

132 

40-D 40 

1512 

297 

252 

50-0 50 

2160 

423 

360 

60.D 60 

2700 

529 

450 


This Thintube Radiator has been designed 

ise lOCTRise for wall hung application. The narrow 

— width of 3M in. and over-all height of 

; 132 24 in. readily permits substitution for the 

' 252 heavier type conventional wall radiator, 

' the production of which has been re- 

stricted by the War Production Board. 
LITERATURE UPON REQUEST 
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Umted States Radiator ^rporation 

General Oiiices: Detroit, Michigan • Branches and Sales Ofiices in Principal Cities 

Detroit, Michigan 


CAPITOL 

RED TOP BOILERS 





“B” Series 
XJnjacketed 
Boiler 


CAPITOL 

SQUARE SECTIONAL BOILERS 


“50** Series 
(All Fuels) 



“A” Series — ^All Fuels 


“50” Series — All Fuels 


Boiler 

No. 

Capaaty 

Square Feet 

I-B-R Sq Ft' 
Direct Cast 

Iron Radiation 

Steam 

Water 

Steam 

Water 

A-7 

770 

1235 

340 

545 

A-8 

980 

1565 

440 

705 

A-9 

1190 

1900 

540 

865 

A-10 

1395 

2235 

640 

1025 

A-n 

1605 

2565 

740 

1185 


“B” Series— All Fuels 


B-8 

1875 

3000 

920 

1470 

B-9 

2210 

3535 

1110 

1770 

B-10 

2520 

4035 

1275 

2040 

B-11 

2790 

4460 

1440 

2300 

B-12 

3035 

4855 

1580 

2530 

B-13 

3280 

5245 

1730 

2770 

B-14 

3525 

5640 

1880 

3000 


“C” Series — All Fuels 


Boiler 

No. 

Capacity 

Square Feet 

Direct Cast 

Iron Radiator 
Loads Sq Ft 

Steam 

Water 

Ste^ 

Water 

C-12 

4700 

7760 

2250 

3600 

C-14 

5600 

9240 

2715 

4345 

C-16 

6500 

10,730 

3180 

5090 

C-18 

7300 

12,050 

3645 

5830 

C.20 

8000 

13,200 

4110 

6575 

0-22 

8700 

14,360 

4575 

7320 

C-24 

9300 

15,350 

5040 

8065 

C-26 

9900 

16335 

5450 

8720 

C-28 

10,500 

17,325 

5800 

9280 

C-30 

11,000 

18,225 

6110 

9775 


Boiler 

No. 

Capacity 

Square Feet 

Direct Cast 

Iron Radiator 

Loads Sq Ft 

Steam 

Water 

Steam 

Water 

950 

8800 

14,080 

5640 

9025 

1050 

10,235 

16,380 

6560 

10,500 

1150 

11,600 

18,555 

7435 

11,895 

1250 

12,950 

20,715 

8300 

13,280 

1350 

14,260 

22,815 

9140 

14,625 

1450 

15,600 

24,960 

10,000 

16,000 

1550 

16,910 

27.060 

10,840 

17,345 

1650 

18,190 

29,100 

11,660 

18,655 

1750 

19.435 

31,100 

12,460 

19,935 

1850 

20,655 

33,050 

13,240 

21,185 


“WN” Series— All Fuels 


WN-277 

6060 

9695 

3885 

6215 

WN-278 

7435 

11,895 

4765 

7625 

WN-279 

8800 

14.080 

5640 

9025 

WN-280 

10,235 

16.380 

6560 

10,500 

WN-281 

11,600 

18,555 

7435 

11,895 

WN-282 

12,950 

20,715 

8300 

13,280 

WN-283 

14,260 

22,815 

9140 

14,625 

WN-284 

15,600 

24,960 

10,000 

16,000 


“WNO” Series — For Oil Firing 


WN-0277 

6640 

10,620 

4935 

7895 

WN-0278 

7640 

12,225 

5680 

9090 

WN-0279 

8640 

13,825 

6425 

10,280 

WN-0280 

9645 

15,425 

7170 

11,470 

WN-0281 

10,640 

17,020 

7910 

12,655 

WN-0282 

11,800 

18,885 

8775 

14.040 

WN-0283 

12,920 

20,670 

9605 

15,370 

WN-0284 

14,060 

22,500 

10,455 

16,730 

WN-0285 

15,200 

24,315 

11,300 

18,080 

WN-0286 

16,320 

26,115 

12,135 

19,415 

WN-0287 

17,435 

27,900 

12,965 

20,745 

WN-0288 

18,560 

29,695 

13,800 

22,080 

WN-0289 

19.675 

31,485 

14,630 

23,410 


LITERATURE UPON REQUEST 
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Weil-McLam Company 

Manufacturing Division: Michigan City, Ind. and Erie, Pa. 

General Offices: 641 W. Lake Street, Chicago 
NEW YORK OFFICES- 501 Fifth Avenue 

Weil-AIcLain Boiler and Radiator service is made conveniently available through local stocks 
carried by Weil-McLain Distributors in most of the important distnbuting centers. 



Round-Type Boiler 
Unjacketed Round 
Boiler with corrugated 
heating surfaces for eco- 
nomical home heating. 
Connected Load Ratings: 
Steam 275 to 1,000 sq ft, 
Water 440 to 1,600 sq ft 


Square-Type Boilers 
Sectional boilers for 
larger installations. Com- 
plete range of sizes. Con- 
nected Load Ratings: 
Steam 1,815 to 11,300 sq 
ft, Water 2,900 to 17,900 
sq ft. 




No. 67~No. 77 
All-Fuel Boilers 
Conversion type boilers 
(no jackets furnished for 
duration). For hand or 
automatic firing. Con- 
nected Load Ratings: 
Steam 290 to 1000 sq ft. 
Water 465 to 1600 sq ft. 


Self-Feed Boiler 
Magazine type Boilers 
for small inexpensive sizes 
of hard coal or coke. 
Connected Load Ratings: 
Steam 240 to 785 sq ft, 
Water 385 to 1260 sq ft. 



Raydiant “Concealed” 
A Raydiant convector 
type all cast-iron Radi- 
ator. Made in "Con- 
cealed,” also Partially Re- 
cessed,^ Cabinet and Hu- 
midifying types. 


Solray Radiator 
Free standing Cabinet 
type Radiator in a lower 
price range than Raydiant 
Cabinet Radiators. Avail- 
able in three depths in 21, 
24 and 27 in. heights. 
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“G” Series Boiler 
Designed for larger in- 
stallations (furnished 
without jacket for dura- 
tion). For hand or auto- 
matic firing. Connected 
Load Ratings: Steam 
710 to 2525 sq ft, Water 
1130 to 4040 sq ft. 



Junior Radiator 
Smaller Tubular type 
Radiation which conserves 
space. Available in 1 % in. 
centers in 3, 4, 5 and 6 
tube widths and 13 to 32 
in. heights. 
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The Brownell Company 

Established 1855 

Dayton, Ohio 

Manufacturers of 


BROWNELL BOILERS AND STOKERS 


Representatives in All Principal Cities 


FIRE TUBE BOILERS of various types. HEATING BOILERS, riveted and 
welded. UNDERFEED STOKERS from 5 Horse Power up. STEEL STACKS, 
TANKS AND SPECIAL STEEL PLATE WORK. 

Welded Triple Pass Heating Boilers built in 
either high leg or low water line types. Hand 
fired ratings 500 to 35,500 sq. ft. steam, 800 to 
56,800 sq. ft. water radiation. Stoker, Oil or 
Gas fired up to 43,100 sq. ft. steam or 69,000 
sq. ft. water radiation, A.S.M.E. Code con- 
struction. 



Type L R (Low Set) Underfeed Ram 
Type Stoker with automatic air volume 
control. Can be furnished with Brownell 
exclusive, fully automatic coal feed con- 
trol. Sizes up to 300 horse power. An ideal 
stoker for firebox boiler or other installa- 
tions where height of setting is limited. 




High or Low Pressure Double Pass 
Boiler with Type L R Stoker. De- 
signed and manufactured as a matched 
unit steam generating plant. Furnished 
in working pressures from 15 to 150 pounds 
and sizes up to 300 horse power. For 
power, heating and process steam. Steam 
ratings 3,600 to 42,500 sq. ft. Water 
rating 5,800 to 68,000 sq. ft. when used 
with stoker, oil or gas. A.S.M.E. Code 
construction. 


Type C Screw Feed Stoker, proved by 
years of service to be sturdy, reliable and 
efficient. Illustration shows dead plates 
can also be furnished with dump plates in 
the larger sizes. 30-300 hp. 





The illustrations above show only a part of the complete Brownell line. We 
shall gladly send literature describing BROWNELL BOILERS and STOKERS. 
Our nation wide field organization is ready to assist in problems of steam 
generation. 
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Detroit Stoker Company 


Sales and Engineering Offices 
General Motors Bldg., Detroit, Mich. 



District Offices in 
Principal Cities 


Main Offices and Works at Monroe, Mich. Built in Canada at London, Ont. 

Since 1898 


Detroit Stokers are un- 
surpassed for economy and 
dependability. They include 
Underfeed and Overfeed 
Stokers of many sizes and 
capacities for all types of 
boilers, All grades of Bitu- 
minous Coal successfully 
burned. Operating costs are 
low. Substantial, heavy 
designs represent over forty 
years' experience in Stoker 
manufacture. Catalogs of 
various types, furnished on 
request. Write us at Detroit 
or telephone nearest district 
office. 



Detroit VmStoker with Detroit Ad- 
justable Feed provides a ivtde range 
of coal feed control. 



Detroit C-D Stoker ts a Single Retort. 
Atovtng Grate Stoker with Continuous 
or Intermittent Ash Discharge. 



Detroit Double Retort Stoker, a 
multiple retort side cleaning stoker 
for medium size boilers. 


Detroit UniStoker 
with Detroit Ad- 
justable Feed (Coal 
Feed Control) in- 
sures accurate fuel 
and air supply for 
best economy. 
Single Retort, side 
cleaning for boilers 
approximately 150 
to 300 horsepower 
with furnace widths 
from five feet six 
inches to eight feet. 

C-D Stoker — 
Single Retort, 
moving grate stok- 
er. Either con- 
tinuous or inter- 
mittent ash dis- 
charge. Motor or 
steam ram driven. 
For boilers 300 to 
500 horsepower 
having furnace 
widths seven and 
one-half to twelve 
feet. 

Double Retort 
Stoker — a multiple 
retort stoker having 
two retorts with the 
side cleaning fea- 
ture. For medium 
sized boilers with 
wide furnaces. 


Detroit 

RotoStokers are 
Overfeed Spreader 
Stokers, having an 
Overthrow Rotor 
action, which in- 
sures uniform fuel 
distribution over 
the entire area. 
Offers advantages 
over other firing 
methods for burn- 
ing inferior fuels 
and efficiently 
handling extremely 
fluctuating loads. 
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Detroit Multiple Retort Stoker for 
large boilers and high capacities. An 
inclined fuel bed Stoker, possessing 
all outstanding modern features. 



Detroit RoioStoker. Ash removed 
through doors at grate level success^ 
fully burns a wide range of fuels 



Detroit RotoStoker (Either Power or 
Hand Operated) for large boilers. 
Especially suited to fluctuating loads. 



Detroit Rotograte Stoker — New sys- 
tem for burning wide range of fuels. 
Fine particles burned in suspension, 
coarse coal on continuous cleaning 
forward moving grate Combustible 
content of ash usually less than two 
per cent. Fuels of high ash content 
burned with higher burning rates for 
long periods. Dependable operation 
for large boilers — high capacities 




Detroit Stoker Company 


Heating Systems • stokers 


DETROIT LOSTOKER 
Detroit LoStoker is a complete me- 
chanical firing unit in many grate area 
sizes and capacities for application to 
all types of boilers from approximately 
30 to 150 hp. Bums various grades of 
Bituminous Coal with high efficiency. 
Fuel is fed only when needed — none 
wasted. Single Retort, Side Cleaning, 
Adjustable Plunger Feed Type, me- 
chanically driven from electric motor, 
requires little power for operation. 
Automatically controlled from steam 
pressure, water temperature or room 
thermostat. Compact, easily installed, 
responsive and automatic. A great 
coal saver. 


Detroit LoStoker readily a:pphed to Firebox Boilers — built to 
fit the Furnace or Firebox Coal Hopper with Agitator 
designed to dear Boiler Doors. Plunger Feed-side cleaning 
feature eliminates arduous hand cleaning of fires. 


ADVANTAGES: 

Continuous Adjustable Plung- 
er Feed with control of the quantity 
of coal fed and its distribution. 

Heavy Mechanical Drive of 
simple design, requires little power. 

Side Gleaning with dumping 
grates, ashes removed through doors 
provided in the Stoker front. No 
hand cleaning. 

^ Agitator in coal hopper for con- 
tinuous coal feed, cannot stick or 
jam with wet coal. 

Automatically Controlled. 
Motor or steam turbine driven, con- 
trolled from steam pressure, water 
temperature or thermostat. 

Many grate area sizes and 
capacities to fit the furnace and pro- 
vide the proper grate area to readily 
handle heavy loads and also to 
operate efficiently under light load 
conditions. 



Detroit LoStoker {Side elevation in brick setting) 
for horizontal return tubular or water tube boilers 



Detroit LoStoker showing adjustable plunger feed 




Detroit LoStoker {brickset type) for application to 
horizontal return tubular or water tube boilers 


Front Elevation of Detroit LoStoker {brickset type) 
built to fit the furnace Fot use with ho tzonlal tubu- 
lar, firebox boilers on brick foundations or water tube 
boilers. Arrows indicate flow of air to fuel bed. 
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Iron Fireman Manufacturing Company 

Automatic Coal Stokers 



Portland, Oregon Cleveland, Ohio 

Address inquiries to 3636 West 106 St., Cleveland 11, Ohio 

Retail Branches or Subsidiaries: Chicago, III.; Milwaukee, Wis ; St. I^uis, Mo.; 
New York, N. Y ; Brooklyn, N. Y.; Toronto, Canada; Montreal, Canada 

Dealers in Principal Cities and Towns in the United States and Canada 
Representation in numerous forei^ countries 


COMMERCIAL AND INDUSTRIAL STOKERS 

STANDARD HOPPER MODELS 

This series of stokers is the standard of 
value in equipment for automatically firing 
boilers ranging in size up to 350 horse- 
power. Available in a wide range of coal 
feeding capacities, lengths and grate 
arrangements, to fit varied requirements. 


Commercial Installation — Hopper Model 

Hopper Model Iron Fireman in Operation in 
Horizontal Return TuhtUar Boiler 

STANDARD COAL FLOW MODELS 





Commercial — Industrial Installation — Coal Flow 
model that carries coal direct from bunker to fire 


A heavy duty stoker which combines 
Iron Fireman’s well known firing efficiency 
with the automatic conveying of coal direct 
from bunker to fire. An integral coal con- 
veying mechanism eliminates the labor 
and expense of manual coal handling. The 
Iron Fireman Commercial-Industrial Coal 
Flow stoker fires boilers developing up to 
350 horsepower. Pneumatic Spreader 
stokers also available in Coal Flow models. 



OUTPUT RANGE 

MODEL 

Boiler 

Horsepower 

Equivalent Direct Radiation 


Steam (240 Btu) 

Hot Water (150 Btu) 

Coal Flow (available m all models) . 

Commercial and Industrial Standard Underfeed 
Commercial and Industrial Poweram Underfeed 
Commercial Anthracite ... 

Pneumatic Spreader 

i 3 to 500* 

! 3 to 350 

30 to 400 

30 to 130 

50 to 1,000* 

400 to 70.000 

400 to 50,000 
4,000 to 56,000 

4.000 to 18,000 

7.000 to 140.000 

650 to 110,000 

650 to 75,000 

6.000 to 90,000 

6.000 to 29,000 

11.000 to 225,000 


♦Multiple units available for larger boilers. 
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Iron Fireman Manufacturing Co. 


Heating Systems • stokers 


POWERAM STOKERS 



Combines ram-type coal dis- 
tributor system in retort with 
free-running worm conveyor 
from coal supply, and has these 
advantages: Delivers the fuel 
to the fire bed in a loose, easily 
aerated condition; the recipro- 
cating pusher blocks insure 
proper fuel distribution, and 
make possible the successful 
and efficient burning of many 
types of coal which otherwise 
are impractical to fire auto- 
matically with underfeed 
stokers. Designed for boilers 
developing up to 400 horse- 
power. 


PNEUMATIC SPREADER STOKERS 



As shown in the illustration above, the 
Iron Fireman Pneumatic Spreader stoker 
conveys coal from the hopper or main coal 
bunker to a transfer housing, where it is 
picked up by a stream of air and carried 
to the furnace and grates. The fines burn 
in suspension, and the larger pieces form a 
shallow fuel bed on the grate. By means 
of an adjustable nozzle, the coal is dis- 
tributed uniformly over the entire grate 
surface. The conveying air provides the 
overfire air which is essential for efficient 
combustion. Entering at right angles to 
the flow of burning gases from the fuel 
bed, the conveying air produces maximum 
turbulence; another requisite of efficient and 
smokeless combustion. The Iron Fireman 


Pneumatic Spreader stoker was designed 
to burn efficiently such economical fuels as 
the lower rank bituminous, and sub- 
bituminous coals and also lignite. It pro- 
vides reliability of operation, physical 
adaptability, ease of operation, and low 
maintenance which is not afforded by other 
types of automatic coal burning systems. 
Pneumatic Spreader stokers are particu- 
larly adaptable to operation at high 
ratings, and as a result are greatly stepping 
up steam output in many plants through- 
out the United States and Canada. Iron 
Fireman Pneumatic Spreader stokers are 
made in both hopper and Coal Flow 
models; the latter carry coal direct from 
the bunker to the fire. 
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Combustion Engineering Company, Inc. 


All Types of Fire Tube and 
Water Tube Boilers 
Mechanical Stokers 


Complete Steam Generating Units 
Pulverized Fuel Systems 



200 Madison Avenue, New York, N. Y. 

Offices in all principal cities of the United States and Canada 


More than 17,000 C-E Stokers purchased to date 



C-E Skelly Stoker Untl 



C-E Law Ram Stoker 



C-E Spreader Stoker 


G-E Skelly Stoker Unit — A compact, 
self-contained unit with integral forced- 
draft fan, adapted to burn either anthra- 
cite or bituminous coal. Alternate fixed 
and moving grate bars assure lateral distri- 
bution of fuel. Automatic control is stand- 
ard equipment. Approximate application 
range — 20 to 200 rated boiler hp. 

Type E Stoker — A single-retort, under- 
feed stoker with an established reputation 
of many years’ standing for dependable 
service. Designed to burn a variety of 
bituminous coals under boilers up to about 
600 rated hp. Available with steam, 
electric or hydraulic drive. 

C-E Low Ram Stoker — A single-retort, 
stationary-grate underfeed stoker for burn- 
ing bituminous coals under boilers in the 
upper size range of the C-E Skelly Stoker, 

C-E Spreader Stoker — A simple, 
rugged overfeed stoker designed to burn a 
wide variety of coals. Fines are burned in 
suspension and the coarser coal on a grate 
which may be of either stationary or 
dumping type. Rate of coal feed and air 
supply may be regulated over a wide 
range and are readily adaptable to auto- 
matic control. Applicable to boilers from 
about 100 boiler hp up. 

C-E Multiple Retort Stoker — For 
burning bituminous and semi-bituminous 
coals under boilers up to the largest sizes. 

G-E Traveling Grate and Chain 
Grate Stokers — Including both Coxe and 
Green types. Available with grate surfaces 
suitable for anthracite, coke breeze, lignite 
or bituminous coal, as required. Traveling 
grates are all forced-draft types; chain 
grates are either forced or natural draft 
types. 

G-E Boilers — ^All fire tube and water 
tube types in sizes ranging from 26 hp up 
to the largest. Standard and special de- 
signs to suit all conditions of fuel, load 
and space. Included are all types formerly 
known by the trade names “Heine,” 
“Walsh & Weidner,” “Casey-Hedges,” 
“Ladd” and “Nuway”, 

Separate Catalogs describing each 
of these stokers are available, a-bsi-b 
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The Webster Engineering Co. 

419 West 2nd St., Tulsa, Oklahoma 

Division of 

SURFACE COMBUSTION, TOLEDO, OHIO 


WECO-N.G.E. SERIES F600 GAS BURNERS 



50,000 to 10,000,000 
Btu Output 


For Use in Any Steel 
Firebox or Sectional Boiler 


SIZE 

The Senes F600 venturi tube is 
QH" wide, long, as shown 
(at nght) and the complete 
assembly is only 15^^ high. An 
infinite number of assemblies 
are possible by proper arrange- 
ment of the individual tubes 
For complete sizing information 
see Bulletin F600H. 


Improved venturi and greater port area 
insure much higher capacities at lower 
pressures. 

Unique baffles at the outlet of the mixing 
tube make possible perfectly even distri- 
bution of flame completely around the 
baffle brick. As a result the maximum 
flame length is greatly reduced. 

Interchangeable grills with multiple ports 
can be varied to suit the combustion char- 
acteristics of various gases. The proper 
sizing of these grills prevents any possi- 
bility of flash back. 

In addition to the above major improve- 
ments the F600 possesses the same desir- 
able features that made the 600 so popular. 

1. Simple installation requiring no ex- 
pensive insulated combustion chamber and 
having no furnace radiation loss. 

2. Extreme quietness due to low rate of 


combustion over a large area. 

3. Flexibility from infinite number of 
possible combinations varying both size 
and shape to meet load and firebox con- 
ditions at various gas pressures. 

4. High radiant transmission rate due to 
radiant temperature of the standard fire- 
brick baffles on the top of the burner tubes. 

5. Low draft loss because of ample 
secondary air openings. 

6. Plain gas pilots of heat resistant 
material and of a design that will not allow 
flame to pull off. 

7. Safety pilot applied in a cool zone 
in a manner that insures perfect direct 
ignition of the burner yet allowing the 
the thermal element to cool quickly upon 
flame failure. 

8. Guaranteed vibrationless under all 
conditions. 


CAPACITY OF SINGLE F600 VENTURI TUBE— No. 17 MTD ORIFICE 


Manifold Gas Pressure 

O.S'^ 

WC. 

1.0'^ 

W.C. 

2.0^^ 

W.C. 

3.0^^ 

W.C. 

4.0" 

W.C. 

5,0" 

WC. 

6.0" 

W.C. 

4 oz. 
W.C. 

6 oz. 
W.C. 

8 oz. 

W.C. 

Input — Cu Ft, 1 hr. . . 

24.5 

38.5 

580 

720 

84.0 

94.5 

104.0 

112.0 

138.0 

159.5 

Output — Sq Ft, St. Rad. 

75 

117 

178 

222 

258 

289 

318 

343 

423 

488 

Output — Boiler H.P.. 

.54 

.84 

1.28 

1.59 

1,85 

2.07 

22S 

2.46 

3 04 

3.4 
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Burners, Oil 


Herco Oil Burner Corporation 

Lancaster, Pa. 



P-oO 
Bunit r 


The Herco Line — established since 1925 
includes burners ranging from small resi- 
dence units to burners suitable for large 
industrial applications. Herco Oil Burners 
are listed as approved by Underwriters’ 
Laboratories, Inc., for Commercial Stand- 
ard CS75-39. 
Write for de- 
scriptive liter- 
ature. 

Herco 
P - 5 0 and 
P-35— The 
P-50 effi- 
ciently han- 
dies the re- 
quirements 
of industrial, 

commercial and large residential instal- 
lations requiring oil burning capacities of 
9.00 to 20.00 gals, per hour. 

The P-50 is equipped with long-hour 
duty 3^ H.P. motor with built-in micro 
switch for thermal overload protection; 
9}4 in. X 4 in. multiple blade Sirocco fan; 
twin no 22 les. 

The P-35 provides excellent perfor- 
mance for installations with requirements 
of 3.00 to 7.00 gals, per hour. The P-35 is 
equipped wnth long-hour duty Vq hp. 
motor with built-in micro switch f^or 
thermal overload protection; 6 in. x 4 in. 
multiple blade Sirocco fan. 


Standard equipment on each of these 
Herco P models includes: latest type posi- 
tive pressure pump; mid-point grounded 
transformer, electrode porcelains guar- 
anteed for 60,000 volts. 

Mercoid Magnetic Valve (K-20-2) — 
Optional on Herco P-50, this valve cuts off 
oil flow to nozzle and permits operation of 
fan for sufficient tim'e to eliminate gas 
from combustion chamber. 

Herco LV 1-2-3- — Capacities range 
from .75 to 7.00 gals, per hour. All three 
LV models 
are equipped 
with long- 
hour duty 
motors with 
built-in 
micro switch 
for thermal 
overload pro- 
tection. 

Mercoid “Visaflame”— Standard on 
all LV models, this light-actuated control 
shuts off burner within 45 seconds in case 
of ignition failure. (Standard controls are 
available on LV models if desired) 

Herco “Thrifti-Fier” — Standard on 
all LV models, the “Thrifti-Fier” permits 
hot gases to travel slowly through the 
boiler so that maximum heat is delivered 
to all heating surfaces. 



WRITE FOR FREE LITERATURE 



P-60 Measurements. LV Measurements. 

TABLE OF DIMENSIONS (In Inches) 



P-35 

P-50 

LV-] 

LV-2 

LV-3 

A — Bottom of flange to top of burner (Minimum) 

A— Bottom of flange to top of burner (Maximum) 

B— Overall width. . . . . . 

C — Center of housing to end of motor ... 

D — Center of housing to end of pump . 

E — Overall length (Minimum) .... 

E — Overall length (9*’ tube) 

F — ^Depth of housing 

G — Length of tube . 

H — ^Diameter of tube 

I — Bottom of flange to center of tube (Minimum) 

I — Bottom of flange to center of tube (Maximum) 

13 

15 

18 

95/4 

81/4 

251/4 

I 6 I /4 

9 

11 

P 

P 

16 

13 

15 

17 

8 I /2 

8 % 

m* 

213/4 

123/4 

7 to 9 
43/8 

133/4 

ir'- 

213/4 

123/4 

9 

45/8 

8% 

103/4 

P 

8/2 

24 

15 

9 

12 
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TODD COMBUSTION EQUIPMENT, inc. 

{Division of Todd Shipyards Corporation) 

601 West 26th Street, New York 1, N. Y. 

New York Mobile New Orleans Galveston Seat tle Bi^enos x\ires London 



THE TODD HEX-PRESS REGISTER in 
combination with the TODD “VEE-GEE” 
VARIABLE CAPACITY BURNER . . . 

makes possible increased combustion effici- 
ency under almost any type of boiler of 
100 hp. capacity or larger, operating 
at 50 pounds steam pressure or higher. 

It provides equal efficiency under either 
forced or natural draft conditions. The 
Hex-Press Register assures the most inti- 
mate mixture of oil and air as well as 
quicker, more complete combustion . . . 
with minimum draft loss at high capacity 
. . , effecting great economy in mainte- 


nance and materially reducing fuel costs. 

Through the exclusive “variable range” 
feature of the “Vee-Cee” Burner, practi- 
cally unlimited firing range is assured . . . 
without change of burner tips, oil delivery 
pressure or angle of spray. 

Constant steam pressure can be main- 
tained regardless of demand . . . changing 
load requirements are met instantly under 
manual or fully automatic control. 

All installations of Todd Equipment are 
alwaj^s %niividually engineered to fulfill 
specific requirements. Send for descriptive 
hterature. 


RECENT INSTALLATIONS OF TODD BURNERS: 


Apartment House, 

240 Central Park South, New York, N. Y. 

Hunter College New York, N. F. 

New York Life Insurance Co. Bldg., 

New York, N. F. 
Prudential Insurance Co. Bldg., 

New York, N. F. 

American Can Co Portland, Maine 

Bell Telephone Laboratories, 

Murray Hill, N, J, 
Consolidated Edison Co. of New York, 
Sherman Creek Plant-.-Ne^e; York, N. F. 
Grumman Aircraft Eng. Corp., 

Beth Page, Long Island, N. F. 
Holyoke Gas & Electric Co., 

Holyoke, Mass. 
Celulosa Argentina, Rosario, 

{Santa Fe) Argentina, S, A. 
Queensbridge Housing Project, 

Long Island City, N. F. 
New York Municipal Airport, 

{La Guardia Field) Jackson Heights, N. Y. 
Washington Municipal Airport, 

Gravelly Point, Va. 
The Glenn L. Martin Co., 

Middle River, Baltimore Co., Md. 


National Gypsum Co., 

Port Wentworth, Ga. 

Brooklyn College JBrooklyn, N. Y. 

Sears Roebuck & Co Chicago, III. 

Allison Engineering Plant, 

Indianapolis, Ind. 

Bethlehem Steel Co Lackawanna, N. Y. 

Allis Chalmers Mfg. Co La Crosse, Wis. 

Hudson Naval Gun Plant Detroit, Mich. 

Pratt-Whitney Div. of United Aircraft 

Corp East Hartford, Conn. 

Peoples Gas Light & Coke Co. ..Chicago, III. 
Wright Aeronautical Corp.. JPater son, N. J. 

Edgewood Arsenal Edgewood, Md. 

International Silver Co Meriden, Conn. 

Camp B landing. Starke, Fla. 

Canadian Car & Munitions, Ltd., 

Quebec, Canada 

Grayslake Gelatin Corp Grayslake, III. 

Elwood Ordnance Y\3.nt....Wilmington, III. 
Woodward & Lothrop Department Store, 
Washington, D. C. 
Puget Sound Navy Yard, 

Bremerton, Wash. 
Stone & Webster Office Bldg., 

Boston, Mass. 


TODD MANUFACTURES; Mechanical Pressure Atomizing Oil Burners — VEE- 
CEE Variable Capacity Burners — Horizontal Rotary Oil Burners — Oil Burning Air 
Registers for Natural, Assisted, Induced or Forced Draft — Inside Mixing Steam Atomiz- 
ing Oil Burners — Combination Gas and Oil Burners — Furnace Doors and Interior 
Castings for Converting Howden Type Furnace Fronts to oil firing — Oil Burning Galley 
Ranges — Oil Heating, Pumping and Straining Equipment. 

Todd engineers are always available for consultation and 
analysis of combustion problems^without obligation. 
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Heating Systems • Pumps 


Buffalo Pumps, Inc. 

450 Broadway, Buffalo, N. Y. 


Sales Representatives 


Albany, N Y., 1303 Standard Bldg , R. B Taylor 
Atlanta, Ga , 305 Techwood Drive, J J. O’Shea 
Baltimore, Md , 508 St. Paul St., E. E. Thompson 
Boston, Mass., 507 Mam St., Melrose Station, E D. Johnson 
Chicago, III , 20 N. Wacker Dnve, L D Eminert 
Cincinnati, Ohio, Building Industnes Bldg., F. W. Twombly 
Cleveland, Ohio, 418 Rockefeller Bldg , T A Weager 
Dallas, Texas, 1801 Tower Petroleum Bldg , 

T. H. Anspacher 

Davenport Iowa, 305 Security Bldg., 

D C. Murphy Co., Inc. 
Denver, Colo , 1718 California St., Steams Roger Mfg Co 
Des Moines, Iowa, 214 Old Colony Bldg , 

D C. Murphy Co., Inc. 


Detroit, Mich., 2051 W. Lafayette Blvd , 

Coon-De Visser Co , T. E Coon 
Los Angeles, Calip , 708 Pershing Sq Bldg , P R. Adrianse 
Minneapolis, Minn , 2102 Foshay Tower, E. F Bell 
New Orleans, La., Devhn Bros., 1003 Maritime Bldg. 
New York, N. Y , 39 Cortlandt St , W. S Koithan 
Omaha, Nebr . 660 N 59th St , Russell Harris 
Philadelphia, Pa., 702 Cunard Bldg , Davidson & Hunger 
Seattle, Wash., SOO First Ave., So., A. T Forsyth 
St. Louis, Mo , 2726 Locust St., J. W. Cooper 
Toledo, Ohio, 1922 Lmwood Ave., C. M. Eyster 
Washington, D C. 512 Woodward Bldg , G S. Franks 
Complete line manupactuhbd in Canada by Canada 
Pumps, Ltd., Kitchbner, Ont. 


PRODUCTS — A complete line of Single and Multi-stage Centrifugal Pumps 
and Special Pumps for use in all types of heating and 
air conditioning installations. 


Buffalo Single Suction 
Close-Coupled Pumps 



This pump is close-coupled to electric 
motor, eliminating the necessity for bear- 
ings. The impeller is overhung on the 
motor shaft, providing a compact, easily- 
serviced unit. Permanent alignment is 
assured and the pump mounted in this 
manner requires very little space. 

Buffalo Close- Coupled Pumps are 
suitable for handling hot water with low 
submergence on suction, or for operating 
with suction lift as high as 25 ft. 

These pumps are also available in 
special alloys. 


Buffalo Double Suction Single 
Stage Centrifugal Pumps 



For general service where clear water is 
handled you will get top performance with 
these pumps. They embody all of the 
accepted modern features of centrifugal 
pump design. Capacities range from 10 to 
50 thousand U.S. gallons per minute. 


Buffalo Self -Priming Single and 
Double Suction Centrifugal Pumps 



Now available with positive self-priming 
device built with the pump. This primer 
is built under license from the Nash Engi- 
neering Company and is fully covered 
by patent. 

Buffalo Self-Priming Pumps offer these 
advantages: (1) All working parts are 
above the liquid to be pumped. (2) There 
is pmplete access to all parts of instal- 
lation. (3) Rotors are balanced — vibra- 
tionless. (4) Buffalo Self-Priming Pumps 
are very quiet— no long shafts to vibrate 
and fewer bearings. (5) Constant positive 
prime obtained without foot valves. 


Buffalo 
Automatic 
Sump Pumps 
Buffalo Sump 
Pumps ^ are self- 
contained and 
have unusually 
high efficiencies 
thus permitting 
the use of small 
motors. Ball 
bearing thrust 
and enclosed shaft 
especially adapt 
these pumps for their service 



1104 





Heating Systems • Pumpa 


Chicago Pump Company 

2330 Wolfram Street BRUnswick 4110 Chicago 

PRODUCTS — Return Line Vacuum Heating and Boiler Feed Pumps, Con- 
densation, House, Booster, Fire Pumps, Circulating, Brine, Sewage, Bilge, 
Sludge, Pneumatic and Tankless Water Supply Systems and Automatic 
Alternator for Duplex Sets of Pumps. 


“CONDO- VAC” 

Return Line Vacuum and Boiler 
Feed Pump for Heating Systems 



Ftg iSlOB — Duplex Condo-Vacs*' with 
Duplex Double Automaitc Control 


No vacuum on stuffing boxes, ample clear- 
ance in rotating member. It costs less to 
operate a “Condo-Vac.” “Condo-Vac” 
reduces corrosion in piping and boiler to 
minimum — because pump does not take 
in air from atmosphere and entirely elimi- 
nates all air coming back from system. 
“Condo-Vac” is quiet, has a low inlet, 
entirel>r automatic, fool-proof, easy to 
maintain. Ash for hulletin 270. 


“Sure-Return” Condensation Pump 

for Low and Medium Pressure, and Systems 
up to 75,000 Sq Ft Radiation 



Ftg. 1946 


“Sure Return” Condensation Pumps and 
Receivers are built for systems up to 
76,000 sq ft of direct radiation and for low 
and medium pressures. Built in • either 
single or duplex units. Duplex units are 
alternated in their operation by the Auto- 
matic Alternator. Complete data in Btille- 
Hn 250. 


Vertical Condensation Pumps 

for Low and Medium Pressure for Systems 
from 500 to 100,000 Sq Ft Radiation 


Close-Coupled Pumps 

Boiler Feed, Circulating, Tank Filling, 
Water Supply 



Ftg 21 SO — Close-Coupled, side suction pump. Capac- 
ities range from S to 600 Gpm agatnst heads up to 
189 ft. Motors from 1/6 to 20 Hp. Discharge 1 to 
$ in. Closed and open type impellers. Bulletin 108. 



The vertical condensation 
pump is desired to re- 
ceive returns from lowest 
radiation. The receiver is 
placed underground — an 
ordinary hole sufficing if 
necessary — and requires 
very little floor space. 
Unit is shipped complete, 
easy to install, assembled 
so as to prevent steam 
leaks. Special bearings 
will stand up under hot 
water for several years. 
A special float mechanism 
is guaranteed not to leak 
or stick in stuffing box. 
Complete data and descrip- 
tion in Bulletins 245 ^ 253 
and 255. 
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The Nash Engineering Company 

234 Wilson Road South Norwalk, Conn., U. S, A. 


Sales and Service Offices in all Principal Cities 



Return Line Vacuum Heating 
Pump 

Standard with the heating industry for over 
seventeen years. Removes air and conden- 
sation from return lines of vacuum steam heat- 
ing systems, discharging air to atmosphere and 
returning water to the boiler. 

Two independent units are combined in a 
single casing — an air unit and a water unit. 
Impellers of both are mounted on the same 
shaft. Pump is bronze fitted throughout. 

Supplied direct connected to standard elec- 
tric motors, for belt drive, or for steam turbine 
drive. For continuous or automatic operation. 
Standard in capacities up to 300,000 sq ft 
E.D.R. Larger units special. Bulletins Nos. 
307, 308, 309. and 310 on request. 



Vapor Turbine Vacuum Heating 
Pump 

Jennings Vapor Turbine Heating Pumps 
combine all advantages of the standard return 
line heating pump with a new type of drive, a 
specially designed low pressure turbine which 
operates directly on steam ^ from the heating 
mains on any system, requiring a differential 
of only 5 in, of mercury, and^ returns ^ that 
steam to the heating system with practically 
no heat loss. 

This pump affords the safety and economy 
which goes with continuous condensation re- 
turn and steady vacuum, and at no cost for 
electric current. Furnished standard in capa- 
cities up to 65,000 sq ft E.D.R. Larger units 
special. Bulletin No. 290 on request. 



Condensation Pump and Receiver 

Removes the condensation from radiators in 
return line steam heating systems, particularly 
radiators set below the boiler water line level, 
and pumps the condensation back to the 
boiler. Pump is bronze fitted with enclosed 
centrifugal impeller of improved design. By 
making the pump casing a part of the return 
tank, and bolting the motor base to the tank, 
floor space is conserved. The rectangular 
construction permits installation in a corner 
against the wall. 

These pumps are furnished in standard sizes 
with capacities ranging from to 225 gpm 
of water. For serving up to 150,000 sq ft of 
equivalent direct radiation. Bulletin No. 319 
on request. 
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The Nash Engineering Company 

234 Wilson Road South Norwalk, Conn., U. S. A. 

Sales and Service Offices in all Principal Cities 


Centrifugal Pump 

Made in standard and suction (self-priming) 
types. For circulating hot and cold water; 
iDOOSting city water pressure; handling water 
in air washing and conditioning; handling ash 
sluicing water, etc. 

Compact — motor armature and pump im- 
peller are mounted on the same shaft. Simpli- 
fied — no bearings in pump casing, one stuffing 
box. Accessible — impeller removable without 
disturbing piping or shaft alignment. 

_ Self-priming types will handle air or gas con- 
tinuously with liquid being pumped, and can 
be operated intermittently without foot valve, 
^ Supplied in 1, IJ^i 134, 2, 3, 4, 6, and 8 in. 
sizes, with capacity up to 2000 gpm. Heads 
up to 300 ft. Bulletin No. 322 on request. 



Suction Sump and Sewage Pumps 

Jennings Sump Pumps are self-priming cen- 
trifugals for handling seepage water and 
liquids reasonably free from solids. Sewage 
Pumps are equipped with non-clog type im- 
peller for liquids containing solids. Suction 
piping only is submerged. Centrifugal impeller 
and vacuum priming rotor are mounted on 
same shaft that carries rotor of the driving 
motor, forming a single moving element, ro- 
tating without metallic contact. 

Will handle air or gas with liquid being 
pumped, and because of self-priming feature 
are installed entirely outside of pit, affording 
perfect accessibility for inspection or cleaning. 
Capacities to meet all requirements. Bulletins 
Nos. 159, 161, and 338 on request. 



Air Compressor and 
Vacuum Pump 

Nash Air Compressors operate on a unique 
and different principle. The one moving part 
rotates in casing without metallic contact. 
There is nothing to wear, and no internal 
lubrication. 

Nash Compressors deliver absolutely clean 
air; ideal for agitation of liquids, pressure 
displacement, and handling gases. Vacuum 
pumps ideal for priming pumps, blood sucking 
pumps in hospitals, and wherever non-pul- 
sating vacuum is required. 

Pressure 75 lb or vacuum 27 in. of mercury. 
Furnished for any capacity; special for higher 
vacuums and pressures. Bulletins Nos. 282 
325, 331 and 337 on request. 
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Armstrong Machine Works 

Principal 

851 Maple Street Three Rivers, Mich. cities 


Armstrong offers two types of traps for 
heating, air conditioning, and steam distri- 
bution service. 

Standard Inverted Bucket Traps, the 
type originated by Armstrong, are non* 
airbinding and self-scrtibbing. They are 
used for low, medium, and high pressure 
service where relatively little air must be 
handled along with the condensate. Their 
free-floating lever design makes it possible 
to open very large discharge orifices com- 
pared with the size of the trap itself. 

Armstrong Blast Traps are used where 
large amounts of air must be vented quick- 


ly when steam is first turned on. They 
have several advantages over the conven- 
tional float and thermostatic trap. 

1. The Armstrong Blast Trap has but a 
single orifice to be maintained tight against 
the full pressure differential. 

2. Positive action. The discharge valve 
in an Armstrong Blast Trap is either wide 
open or tight shut. Fast opening and fast 
closing prevent wire-drawing. 

3. Handles dirt. There are no dead 
spots in an Armstrong Trap in which dirt 
can settle and interfere with the operation 
of the trap. 



Side Inlet Traps 


Trap Size 

No. 800 

No. 811 

No. 812 

No. 813 

No. 801 

Pipe Cotinections 

List Price (Regular) 

List Price (Blast Trap) 

Telegraph C^e (Reg^ar) 
Telegraph Code (Blast Trap) 
Dimension A 

“ B 

" C. ... 

D . ... 

“ E .... 

Number of Bolts 

Diameter of Bolts 

Weight 

Maximum Pressure, lbs 

$8.50 

Aloe 

Aloette 

33 / 4 ^ 

AVilhs. 

125 

WotVsT 

$10.00 

$11.50 

Brown 

Brownette 

f 

4 

$16.00 

$18.00 

Cherry 

Cherette 

55 / 8 '' 

w 

‘6 

W 

131/2 lbs. 
250 

3 / 4 ^^ or r 
$22.00 
$24.00 
Dawn 
Dawnette 

r 

n'/4^ 

IViT 

250 

$8.50 

Arrow 

Arrowette 

33 / 4 - 

ii" 

2^^ 

Y 

125 


5 

450 

830 

1600 

2900 

450 


10 

560 

950 

1900 

3500 

560 

Continuous discharge 

15 

640 

1060 

2100 

3900 

640 

capacity m lb of water 

V 20 

690 

880 

1800 

3500 

690 

per hour at pressure 

2 30 

500 

1000 

2050 

4000 

500 

indicated. For more 

8 50 

580 

840 

1900 

4100 

580 

complete information 

£ 70 

660 

950 

2200 

3800 

660 

see the Capacity 

.45 100 

640 

860 

1800 

3600 

640 

Chart in Armstrong 

125 

680 

950 

2000 

3900 

680 

Steam Trap Book. 

150 


810 

1500 

3500 



200 

*See NotCi 

720 

1200 

3200 

*See Note 


250 

at right. ' 

760 

1300 

3500 

at right 


UNIT 

HUMIDIFIERS 
Steam Type 



Armstrong Steam 
Type Unit Humidi- 
fiers offer a low-cost, 
practical method of 
preventing the evils 
of winter heating dry 
air. Improve worker 
comfort and safety; 
prevent drying out of 
matenals. Wnte for 
new Bulletin No. 158. 
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No. 81S 


No. 81B 


No. 811 


No. 800 No. 211 No. 212 


No. 213 



4. The wearing parts in all Armstrong 
Traps are identical in design, material, and 
precision workmanship with parts used in 
Armstrong Forged Steel Traps for pres- 
sures up to 1500 lb gage and total tempera- 
tures of 850 F. 


Armstrong Steam Trap Book. This 
36 page book gives complete information 
on all sizes and t 3 T)es of Armstrong Traps. 
It also contains 17 pages of data on the 
subject of trap selection, installation, and 
maintenance. A free copy will be mailed 
on request. 



No. 211-216, Blast Type 



FOR 

BLAST 

TRAP 

JOBS 



ALL Armstrong traps are readily convertible into “Blast** 
type traps merely by using buckets equipped with the 
patented auxiliary thermic air vent. As shown in the above 
sketches, the mechanism for this vent consists of a stainless 
st^l disc slotted to receive the end of a bi-metal strip. 
Different coefficients of expansion in the bi-metal cause it 
to bend down when cold and up when hot. Normally, it is 
set to close at 212 deg, but it can be set to close at higher 
temperatures. Capacity, 50 to 100 times the air-venting 
capacity of a standard trap. 


Bottom Inlet Traps 


Trap Size 

No. 211 

No. 212 

No. 213 

No. 214 

No. 215 

No. 216 

Pipe Connections 

List Pnce (Regular) 

List Price (BlMt Trap) 

Telegraph Code (Re^ar) 

Trienaph Code (Blast Tra^ 

Height DimensionB 

Diameter “ A 

Wall Thickness “ C 

Diameter of Bolts 

Number of Bolts 

Wei^t 

Maximum Pressure, lb 

V 2 " 

$9.25 

$10.75 

Aspen 

AsMttc 

W 

$17,00 

Birch 

Birette 

8« 

5« 

i/^n 

V2"or3/V' 

$20.75 

$22.75 

Walnut 

Walette 

IOV 4 " 

% 

191b 

250 

1" 

$29.00 

$31.50 

Hemlock 

Hemlette 

8 

321b 

250 

l^or 1>/4« 
$38.00 
$40.50 
Larch 
Larette 

14" 

•& 

S?’ 

471b 

250 

P/ 2 " or 2" 
$55.00 
$60.00 
Tamarack 
Tamrette 
163/4" 
10%" 

¥ 

801b 

250 


5 

830 

1600 

2900 

4800 

7600 

14500 


10 

950 

1900 

3500 

5800 


17300 

Continuous discharge 

15 

1060 

2100 

3900 

6500 


19200 

capacity in lb of water 

9 20 

880 

1800 

3500 


8500 

18500 

per hour at pressure 

1 30 

1000 

2050 

4000 

6800 

9800 


mdicated. For more 

S 50 

840 

1900 

4100 

6300 

9000 

18200 

complete information. 

ct 70 

950 

2200 

3800 

6000 

9200 

18300 

see the Capacity 

100 

860 

1800 

3600 

6200 

10400 

18000 

Chart in the Arm- 

J 125 

950 

2000 

3900 

6700 



strong Steam Trap 

150 

810 

1500 

3500 

5700 

9500 

18500 

Book. 

200 

860 

1600 

3200 

5300 

9200 

17500 


250 

760 

1300 

3500 

5700 

7000 

19000 
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Cochrane Corporation 

3130 North 17th Street, Philadelphia, Pa. 

Branch Offices in 40 Principal Cities 


COCHRANE HEAVY-DUTY 
STEAM TRAPS 

A high pressure unit for condensate 
drainage of steam lines, separators, coils, 
evaporators, etc,, and for conditions in- 
volving relatively high drainage rates. 
Recommended for 
pressures up to 
400 lb. 

Simple con- 
struction. No 
levers, constricted 
passages or stuf- 
fing boxes to be- 
come clogged with 
sediment or scale. 

All parts are 
readily accessible. 

Action is quick 
and positive, 
avoiding wire drawing and erosion. 

Write for publication No, 2850. 

MULTIPORT DRAINERS 

Of the multiport type, they afford un- 
usual capacity for removing condensate or 
drips from purifiers, separators, jackets, 
radiators, pressure heating or drying coils, 
etc. Eliminating condensate delivers maxi- 
mum heat from 
steam production 
at lower cost. 

Tremendous ca- 
pacity assured by 
large port areas. 

Provides continu- 
ous discharge. In- 
stantly responsive. 

Compact and light 
in weight. For 
pressures up to 150 lb. Publication 2925. 



MuUtPort Drainer 



COCHRANE MULTIPORT 
RELIEF VALVES 
For back 
pressure, at- 
mospheric 
relief, flow or 
check valve 
service on air, 
gas, steam or 
water lines. 

Positive pro- 
tection against 
stuck, jammed 
or '‘frozen” 
valves as a 

number of Multiport Back Pressure Valve 
small disks are 

used instead of one large disk. Write for 
publication No. 2870. 



COCHRANE FLOW METERS 
Flow meters of both mechanical and 
electrical types for measurement of steam, 
liquids and 
gases. Mechani- 
cal meter uses no 
working parts in 
the pressure 
chambers and no 
stuffing boxes. 

The electric 
meter measures 
flow by the ex- 
tremely accurate 
galvanometer 
null principle. 

The new “Lina- 
meter” measures 
corrosive or viscous fluids. Publication 3010 
ALL-SERVICE SEPARATORS 
Cochrane Separators purify steam by 
separating out oil, slugs of water and con- 
densate. Complete 
removal of entrain- 
ment is accomplished 
by vertical baffle ribs 
which guide it into 
a direct unrestricted 
fall, and a baffle area 
which extends far 
beyond the flow from 
the inlet pipe. Ports 
at the sides of the 
baffle prevent the 
purified steam from 
passing over the drip 
area and coming into All^Service Separator 
contact with the 

entrainment. The steam flow is unin- 
terrupted and pressure loss is minimized. 
Write for publication 2950. 

COCHRANE-BECKER HIGH PRESSURE 
CONDENSATE RETURN SYSTEM 
In unit heaters, coil radiation, blast 
heaters, etc., this system will reduce fuel 
costs by return- 
ing condensate 
direct to boilers 
at high tempera- 
tures and pres- 
sures. Advan- 
tages are: 

1. Faster Heat- 
ing. 2. Higher 
Temperatures. 3. 

More Uniform 
Heating. 4, Low- 
er Maintenance. 

Plus 5 to 28 per cent fuel saving. Write 
for Publication 3025. 
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Heating, Industrial and Power Plant Piping, Fittings, Hangers, 
Valves, Pipe Bending, Welding, Piping Supplies, Etc. 

Executive Offices: Providence 1, R. I. 

National Distributors of Thermoflex Traps and Heating Specialties 
For data on other Grinnell Products, see pages 1066-1067 


Thermoflex Specialties 

The heart of all Thermoflex Traps is the 
Hydron Bellows. 

The Hydron Bellows is formed under 
hydraulic pressure. This powerful internal 
pressure locates any weakness of any 
nature in the tubing. Such hydraulic pres- 
sure is many times more severe than any 
pressure the Trap will ever be called upon 
to control. Every Thermoflex Trap, there- 
fore, is practically indestructible. 

Therinoflex Traps have an exceptionally 
large orifice. This large orifice combined 
with high lift, insures fast action and 
freedom from clogging. 

We supply Thermoflex Traps guaran- 
teed for steam pressures of 25 lb, to 50 lb 
and to 125 lb. Complete information and 
details of typical installations will be gladly 
sent on your request. Ask for Catalogue 
on Thermoflex Heating Specialties. 

Thermoflex Low Pressure Line 

The entire Thermoflex line of low pres- 
sure specialties, designed for maximum 
steam pressure of 25 lbs, has been simpli- 
fied to meet wartime needs with respect to 
critical materials. This simplification has 
been accomplished without sacrifice of 
quality or performance — only the appear- 
ance has been altered by the change from 
bronze to cast iron for the structural parts. 

The new low pressure victory line in- 
cludes thermostatic traps in angle pattern 
only, with cast iron bodies without unions, 
in the following sizes: 

inch — 200 sq ft rad. capacity, 
inch — iOO sq ft rad. capacity. 

% inch— 700 sq ft rad. capacity, 

A complete range of sizes of Combina- 
tion Float and Thermostatic type traps 
continues to be available, as well as the 
Thermoflex Vapor Specialties for small 
and medium size installations. 

Thermoflex Medium Pressure 
Traps 

Thermostatic type traps, and Com- 
bination Float and Thermostatic type 
traps are furnished for working steam 
pressures in the range from 25 to 50 lbs. 


Thermoflex High Pressure Traps 



The No. lOOA Thermoflex Trap is guar- 
anteed for steam pressures from 50-125 
lb. Must not be used where the steam 
temperature exceeds 400 F. 

For use with all types of process work, 
Laundry Machinery, Kitchen Equipment, 
Hospital Sterilizers, Vulcanizers, Dry 
Kilns, Unit Heaters, Street Steam Service, 
etc., in fact any place that a trap is 
desired for service at the above pressures^. 
Small, compact and inexpensive. ^ 
Extra heavy body. Renewable nickel 
steel seat and disc. Bellows made from 
special bronze tubing and encased in brass 
sleeve to prevent distortion due to pressure. 
Regularly furnished without unions. 

Thermoflex Streamlined 
Strainers 



Pipe line strainers of the self-cleaning 
Y-type are furnished for pressures up to 
260 lbs, and in sizes in, to 2 in. These 
are heavy duty strainers with seini-steel 
body and brass screen, which are suited to 
a wide field of use in removing harmful 
substances from pipe lines carrying steam, 
air and fluids. 
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Kieley & Mueller, Inc. 

Since 1879 

ENGINEERED PRESSURE AND FLUID CONTROL SPECIALTIES 

North Bergen, New Jersey 

Representatives in All Principal Cities 


Producing in America's most modern specialty factory, all types of Pressure Reducing 
Valves, Liquid Level Controls, Steam Traps, Basket and Y Type Strainers, Pump 
Governors, Back Pressure Valves, Exhaust Heads, Steam and Oil Separators, Damper 
Regulators, etc. 

Your problems and applications are welcomed in our Engineering Department. 
Catalogs and data on request. 






Pressure 

T Reducing Valves 
J Spring and Lever 
I Weighted Valves 
J for all services and 
initial pressures up 
to 600 lb. Single 
and double seated 
design for steam, 
water, air, oil, gas. 
Pilot Type, Remote 
^ Control Type. 




t- 


W 


1 


“Y” Type Strainers 

«Y*’ Type Strainers from in. to 6 in. 
Pressures up to 600 lb. Bronze, Cast Iron 
and Steel. Also Basket Strainers in. to 
16 in. Bolted and Clamped Cover designs. 



Float Valves 

Float Valves in all sizes from in. to 
12 in. in Globe and Angle Design. Pilot 
Operated and Direct Operated. Special 
design for cold water. 

For the duration of the War, Kieley & 
Mueller must naturally concentrate on 
fulfilling the Government requirements, 
particularly for shipboard regulators, 
strainem, etc. Deliveries are therefore 
subordinated depending on priority. Our 
customers will be given our continued best 
cooperation on their requirements so far 
as it is possible. 
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Mueller Steam Specialty Co., Inc. 

40-20 22nd Street, Long Island City, N. Y. 

Steam, Water, Air, Oil and Gas Sp ecialties for Heating and Power Plants 

Pressure Reducing Valves — Straight Pattern and With Increased Outlet 



No. 11 — For Vacuum, Vapor and Low Pressure Heating Systems. Initial Pressures, 
up to 200 lb; Reduced Pressures, 0 to 10 lb. 

No. 17 and 21 — For automatic control of reduced pressures on dead-end service, 
requiring a tight closing valve, such as tank heaters, kitchen utensils, sterilizing ap- 
paratus, laundry equipment, kettles, cookers, driers, etc. Initial Pressures up to 200 lb. 
Reduced Pressures 0 to 150 lb. 

Constructed with full globe bodies. Center guide eliminates the wings on discs, and 
increases efficiency, assures minimum noise and prolongs the life of the seats and discs. 
Lever and weight operates on a steel roller bolt, assuring a most sensitive valve. Spring 
type furnished with special long springs for sensitive operation and wide ranges of 
reduced pressures. 


Water Pressure 
Reducing Valves 
For controlling water 
pressures that require 
automatic and positive 
control of reduced pres- 
sures. Compact, and have 
full flow and renewable 
composition discs. 

Standard and extra 
heavy weights suitable for 
all initial pressures and 
wide ranges of reduced 
pressures. 


Diaphragm Operated 
Water Relief Valves 

For relieving exces- 
sive pressure of hot or 
cold water, air, oil or 
gas. 

Very sensitive, re- 
spond quickly. 

Their construction is 
durable and compact, 
and accessible without 
disturbing pipe con- 
nections. 




Sediment Strainers for Steam, Water, Oil, Gas, Air, Etc. 

For removing scale, cuttings, and other foreign matter from steam, water, air, oil and 
gas lines, or in connection with valves, pumps or other apparatus. 

Furnished with iron bodi^, plain or galvanized, with brass or copper mesh suitable 
for the service. Can be furnished all brass or nickel-plated iron or brass, or cast steel for 
extra high steam pressures, at additional cost. 

Strainers with special mesh or of special metal furnished at a slight additional cost. 


r 



r:r> 

1 V 







No. m 


Figures Nos. 145 and 
165 Strainers have 
closed or open bottom 
baskets, so that the 
basket can be removed 
for cleaning, or all dirt 
and sediment can be 
blown out through bot- 
tom blow out connec- 
tion. 



No, 145 



No, 165 


Catalogue and Bulletins covering our Complete Line gladly furnished on application. 


1113 


Heating Systems • Specialties 









Heating Systems 


Specialties 
Expansion Joints 


Yamall -Waring Company 


Manufacturers of 



Steam Specialties 


7600 Queen Street, Philadelphia, Pa. 


YARWAY IMPULSE STEAM TRAPS 


Construction — ^The Yarway Impulse 
Steam Trap is unique in that there is only 
one moving part, the simple valve F. 
This trap is made of bar stock throughout, 
no castings used. Body and bonnet of 
cold rolled steel, cadmium plated; cap of 
tobin bronze, valve and seat of heat 
treated stainless steel. For pressures 
400 to 600 lb, trap is all stainless steel. 

Operation — Movement of valve (F) is 
governed by changes in pressure in control 
chamber (K). At lower temperatures, con- 
densate bypassing continuously through 
orifice in center of valve reduces chamt^r 
pressure below inlet pressure and valve 
opens, allowing free discharge of air and 
condensate through seat. As condensate 
approaches steam temperature, low cham- 
ber pressure causes vaporizing and the 
increased volume builds up pressure in 
control chamber, closing valve (F). 


Advantages 

Light Weight — Yarway traps need no 
support — in. trap weighs only lb. 
2 in. trap weighs 8^ lb. 

Small Size — ^They practically eliminate 
radiation losses — can be installed in 
cramped quarters — in. trap measures 
2]/i in. long— 2 in. trap, 4?^ in. long. 

Will not air hind. 

Require no priming. 

Insure quick heating. 

Operate on exclusive Impulse principle 
(U. S. PatenU No. 2fi51J32 and 2,127,649.) 

Low Price — Often cheaper than re- 
pairing old traps. 


Factory set to operate at all pressures 
up to 400 lb (or 600 lb) without change 
of valve seat. 



List Prices, Weights and Dimensions 
No. 60 Series — ^up to 400 lbs. and 
No. 120 Series — ^up to 600 lbs. 


Size 

Trap 

Complete 

Weight 

Pounds 

Length 

Inches 

1 / 2 ' Nos. 60 or 120 

$15.00 

l'/4 

25/8 

Nos. 61 or 121 

22.00 

2 

3 

V Nos. 63 or 123 

31.00 

iVi 

33/9 

\W Nos. 64 or 124 

48.00 

4 

3% 

IVi' Nos. 66 or 126 

68.00 

53/4 

4'/4 

2' Nos. 67 or 127 

90.00 

Wl 

45/4 


For further information send for 
descriptive Bulletin T-1738. 


YARWAY EXPANSION JOINTS 


All-steel welded construction; light but 
strong. Chromium covered sliding sleeves. 



Cylinder guide and stuffing box integral, 
assuring perfect alignment. Internal 
Ijmit stops. Gun-pakt and Gland-pakt 
t]5[pes: Gun-pakt (illustrated) fitted 
with screw guns which permit addition 
of plastic packing while joint is under 
pressure. Sizes 2 in. to 24 in., single 
end or double end, flanged or welding 
ends; 150, 300 and 400 lb pressures. 
Also all-brass joints, % in. to 2 in. 
For additional details send for Bulletin 
EJ-1909. 
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E. B. Badger & Sons Go. 

DESIGNERS • ENGINEERS • CONSTRUCTORS . MANUFACTURERS 


New York, N. Y Boston, Mass. Philadelphia, Pa. 

271 Madison Avenue 75 Pitts Street 1608 Walnut Street 

Agents in Principal Cities 


PRODUCTS AND SERVICES 

BADGER “PACKLESS” CORRUGATED EXPANSION JOINTS 

Engineers and Manufacturers of Chemical, Petro-Chemical and Petroleum 
Refining Equipment; Process Engineers, Designers and Constructors of 
Complete Plants. 


BADGER “PACKLESS” CORRUGATED EXPANSION JOINTS 


Protect equipment; eliminate costly 
shut-downs; prevent loss of materials 
flowing through pipe lines. The Badger 
‘‘Packless” Corrugated type of expansion 
joint has been used for many years to 


relieve stresses, absorb vibrations between 
connected equipment, and compensate for 
changes in pipe lines due to temperature 
differentials. 


BACKED BY FIFTY YEARS OF EXPERIENCE 

Badger engineers pioneered the cor- severe conditions in industry, the more 

rugated “packless” joint and brought it recent developments are included in the 

to its present high state of dependability following brief descriptions, 
and us^ulness. To meet the increasingly 



Standard Flanged-End Badger DirectedJFlex- 
ing. Self -Equalizing “Packless’ * Corrugated 
Expansion J oint. Also made with standard weldmg 
end. {Double units available.) Bulletin No. 100. 


Badger Non-Equalizing “Packless” Cor- 
rugated Expansion Joint, Single Corrugation. 
Also made tn multiple corrugatton and special shapes. 
Bulletin No. $00. 
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FLANGED AND WELDING ENDS. 
Badger “Packless” Corrugated Expansion 
Joints can be furnished with either flanged 
or welding ends. 


INSTALLATION, OPERATING, 

• ‘^Packless ^’- — Since this type of ex- 
pansion joint is made from a single tuhe^ 
no packing is required — hence no servicing. 
This is particularly advantageous in under- 
ground installations, because the expense 
of manholes and tunnels can be eliminated. 

•Flexible — This type of joint is readily 
flexed, thus reducing to a minimum the 
thrust on adjacent equipment or fittings. 

• Wide Range of Traverses — By varying 
the number of corrugations, the Badger 
“Packless” Corrugated Expansion Joint 
can be made to take care of traverses 


TELESCOPING SLEEVES. Badger 
“Packless” Corrugated Expansion Joints 
can be furnished with telescoping sleeves 
if required. 


MAINTENANCE ECONOMIES 

ranging from small fractions of an inch up 
to any practical limit. 

• Wide Range of Pressures — Standard 
joints are constructed for normal operating 
pressures; special joints for higher pres- 
sures. 

• Compactness — Outside diameter of 
Badger “Packless” Corrugated Expansion 
Joint is about that of a flanged fitting. 

•Ease of Installation — The Badger 
“Packless” Corrugated Expansion Joint 
is as easily installed as any fitting. 


COPPER AND STAINLESS STEEL. 
Badger “Packless” Corrugated Expansion 
Joints are made in self-equalizing or non- 
equalizing types; and are made of copper, 
stainless steel, or other metals to meet 
varying conditions with respect to tem- 
perature, pressure and corrosion. 


HEAT TREATMENT. Every Badger 
“Packless” Corrugated Expansion Joint 
is scientifically heat-treated during the 
process of manufacture to remove forming 
stresses. This Badger process increases 
resistance to flexing stresses, lengthening 
the life of joint. 


DIRECTED FLEXING— SELF-EQUALIZING 


This feature, exclusive with Badger not only limited but is progressively con- 
“ Packless” Corrugated Expansion Joints, trolled throughout the movement. Flexing 
greatly lengthens the life of the corrugated stresses are kept distributed, 
type of expansion joint. Through Self- 
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Adsco 

PRODUCTS 
for STEAM 
SERVICE 


American D istrict S team f oMPANY 

North Tonawanda.N.Y 

IN BUSINESS OVER SIXTY YEARS 
Branches and Agents in Principal Cities 


For Data on ADSCO Expansion Joints, refer to Insulation, Underground, page 1136, 




ADSCO FLOW METER— ORIFICE TYPE 

Exceptionally accurate at all rates of flow and will 
meter steam, water, gas or air. It is a compact unit 
for indicating, recording and integrating the flow and 
can be furnished in other combinations of these three 
devices. Easily installed and maintained by the pur- 
chaser. Frictionless meter mechanism, records on 
evenly-divided, direct-reading chart, giving a daily 
record from which to determine heating or processing 
costs. Write for Bulletin No. 35-83G. 


ROTARY CONDENSATION METER 

Measures steam consumption by meter- 
ing condensate from heating systems or 
industrial equipment. Accurate within 
1 per cent and factory tested to 150 per 
cent of rated capacity. Compact, easily 
cleaned, tamper-proof and equipped with 
non-fogging counter mechanism. Counter 
reads directly in pounds. Suitable for 
vacuum or gravity service. Available in 
7 sizes from 250-12,000 lb per hour capa- 
city. Write for Bulletin No. 35-80AG. 


Rotary Condensation Meter 


ADSCO VERTICAL STEAM TRAP 



ADSCO Vertical Steam Trap 



ADSCO Instantaneous Water Heater 


A float type steam trap with or without 
thermostatic air by-pass for vacuum ser- 
vice to 15 lb pressure and gravity service 
to 125 lb pressure. The cover with all 
working parts can be removed without 
disturbing the piping connections. The 
trap is equipped with a reversible valve 
and reversible seat of stainless alloy steel. 
Write for Bulletin No. 35-86G. 


ADSCO HEAT EXCHANGERS 

Made in various sizes and capacities to 
heat or cool water, oils, other liquids or 
gases according ^ to expert engineering 
specifications. Simple in design, sturdy 
in construction, dependable and economi- 
cal in operation. Available in U-tube or 
straight tube types of heaters, economizers, 
condensate coolers or special units. Write 
for Bulletin No. 35-75BG, 35-76G. 
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Anderson Products, Incorporated 

Cambridge, Massachusetts 

Vent-Rite Controlled -Venting Radiator Valves . . . Vent-Rite 
No. 66 Control Valves . . . Vent-Rite Unit Heater Valve. Origi- 
nators of ‘‘Balanced Radiation by Controlled Venting,” “The 
Vent-Vac Method” and “Vacuum Limitation.” 


THESE VENT-RITE VALVES 

. . . can be cleaned and reconditioned. 

. . . can be repaired if necessary. 

. . . originated Balanced Radiation. 

. . . originated Vacuum Limitation. 

VENT-RITE VALVES 
Vent-Rite has pioneered in the promotion of 
radiator air valves that can be reconditioned, and 
repaired. Vent-Rite originated Balanced Radi- 
ation by controlled venting, made its application 
practical with Vent-Rite air valves, and further 
perfected their use under the Vent- Vac Method. 

Heating studies of the last few years have proved that a great percentage of valve 
trouble comes from the accumulation of dirt within the valves Every Vent-Rite valve 
can readily be taken apart, cleaned, reassembled, and adjusted, and the process is a 
simple one. In the rare case where a part may have become defective, the valve can be 
sent to the factory for complete reconditioning. Only Vent- Rite offers these advantages. 

Because every Vent-Rite Valve has an exceptionally wide and complete range of 
venting rates, it is possible to obtain the correct venting rate in each radiator in a system, 
regardless of size or location. Balanced Radiation results Adjustment of the venting 
rate at the individual valves is easily accomplished through a stream-lined, convenient, 
adjusting device. 

The Vent-Rite Line includes Nos. 1, 51, 3, 5A and 55 (Non- Vacuum) ; 2, 62, 4, 6A, 66. 


VENT-RITE CONTROL VALVES 

Vent-Rite Control Valve No. 66 is the heart of the Vent-Vac 
Method of steam control for automatically-fired, one-pipe sys- 
tems. It takes the place of a main line vent, limits the amount 
of vacuum created and breaks the vacuum at the beginning of 
the firing period. It is entirely mechanical. With the Vent-Vac 
Method, using a No. 66 Control Valve, a system is “Vacuum” 
between Firing periods, “Non-Vacuum” during Firing, combin- 
ing the best of both systems assuring “Balanced Radiation.” 

No. ee 

THE VENT-VAC METHOD 

The Vent-Vac Method provides more even room temperatures. This is accomplished 
by continuing the distribution of steam between firing periods. The steam is available 
through the use of heat left in the boiler, and it is distributed to the points of greatest 
heat loss. To insure fast, uniform distribution of steam during the firing periods, it 
breaks the vacuum used between firing periods for this purpose. This “breaking” of 
the vacuum occurs as soon as firing starts, restoring the system to atmospheric pressure. 
Vent- Rite Vacuum Valves, and a Vent-Rite Control Unit are used. The system is 
simple, economical, and amazingly effective. Vent-Rite Control Units not only create 
vacuum in the system between firing periods, but also limit the amount of vacuum that 
can be created to the point beyond which the distribution of excessively expanded vapor 
would he inefficient. This is another feature developed and pioneered by Vent-Rite 
and offered only in Vent-Rite Units. 
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The Dole Valve Company 

Main Offices and Factory; 1901-1941 Carroll Avenue, Chicago 12, 111. 


THE ALL STAR LINE 


AIR AND VACUUM VALVES 


Selecting the right vent for a particular purpose is your assurance of the utmost efficiency 
and economy from one pipe steam heating systems. The Dole line covers every venting 
need and offers a complete choice for every purpose. 



Dole No. lAVari- Vent Air Valve 

Modern gas, oil or stoker 
fired one pipe steam sys- 
tems require QUICK vent- 
ing. This radiator valve 
lets air escape twice as fast 
as ordinary valves and 
balances the flow of steam 
at the first “breath*' of 
boiler pressure. Adjust- 
able vari-vent feature gets 
air out of those “faraway** 
radiators as quickly as those close to the 
boiler. 


Dole No. 3 Air Valve 
Vents radiators of hand 
fired gravity steam heat- 
ing systems. Double shell 
construction provides 
separate passages for air 
and condensation — extra 
large float defeats spitting 
or water leakage. Com- 
plete venting assured at 
pressures up to 10 lbs. 


Dole No. 2B Vari-Vent 
Vacuum Valve 

Adjustable radiator 
valve for “ vacuumizing** 
and balancing gravity 
steam heating systems. 
Patented Dole bellows 
vacuum seal locks out 
air after it has been once 
expelled from the sys- 
tem. Easily adjusted 
vari-vent feature assists 
in equalizing steam flow to all radiators. 





Dole No. IB Vari-Vent 
Air Valve 

Balances the flow of steam to 
convectors, either cast iron or 
copper, of automatical- 
ly fired systems. 

Dole No. 1C Quick 
Vent Float Valve 
Vents mains and speeds 
flow of steam to radia- 
ators of automatically 
fired systems. Extra 
large venting port. 

Dole No. 5 Quick Vent 
Float Valve 

Vents steam mains on hand fired 
systems. Positive seal against 
water. 

Dole No. 4 Quick 
Vent Valve 
For quick venting 
mains that end 18 
in. or more above 
the boiler water 
line. 

Dole No. 103 Vacuum Valve 
For venting convectors, ceiling 
radiators and pipe coils of “vacu- 
umized*’ gravity steam 
systems. 





Dole No. 6B 
Vacuum Valve 

Vents the mains of 
“vacuumized** one pipe 
steam systems. Pre- 
vents the return of air. 

Closes against water. 

Dole No. 14 Key Valve 
Dole No. 1933 Air Valve Low cost venting 

I ■ Low cost valve for venting celled radiators 

t'L ^ fors of hand firel convtctor^o? 

I ^tems Large float pro- hot water heating 

against con- systems. Protects 
Y densation to stop spitting, panel fronts from 

rusty water stain. 

)^i^® /Lhe D^e Valve Company for complete catalog and handy selector chart which 
indicates the Dole Air or Vacuum Valve most suited for a particular need. 
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Jenkins Bros. 

BRONZE - IRON - STEEL VALVES 

Mechanical Rubber Goods 

80 \\hite St., New York 13, N. Y.; 524 Atlantic St., Boston 10, Mass ; 376 Spring St , N.W., 
Atlanta 3, Ga ; 133 N. Seventh St.. Philadelphia 6, Pa.; 1514 Fulton St., Chicago 7, III.; 
510 Main St , Bridgeport 9, Conn. 

Jenkins Bros., Ltd.* Montreal; Factory, Lachine, Canada * London, Eng. 




OVER 500 DIFFERENT JENKINS VALVES 
COVER EVERY HEATING AND AIR CONDITIONING NEED 

To adequately describe the complete Jenkins line of valves requires a Catalog 
of more than 400 pages. There are over 500 different types and patterns of 
valves that bear the trusted “Diamond” trade mark. Practically speaking, 
Jenkins can furnish any valve that you may require for plumbing, heating, 
air conditioning, general industrial or engineering service. 


General Classifications of Jenkins 
Valves Include — Bronze Valves fitted 
with Jenkins renewable composition disc. 
Bronze Regrind-Renew Valves with bevel 
and plug type seats. Bronze Gate Valves. 
Iron Body Valves fitted with Jenkins 
renewable composition disc. Iron Body 
Regrinding Valves. Iron Body Gate 
Valves with solid wedge and double disc 
parallel seats. All-Iron Valves. 

Air Furnace Malleable Iron Valves. Cast 
Steel Gate, Globe and Swing Check Valves. 


Electrically and Hydraulically Operated 
Valves. Radiator Valves. Fire Line 
Valves. Quick-opening and Self-closing 
Valves, Needle Valves, Y Valves, Solder- 
End Valves, Stainless Steel Valves 
Other Jenkins Products Are — 
Composition Valves Discs exactly suited to 
service conditions. Sheet Packing. Gaskets, 
Friction Tape, Splicing Compound, Jenkins 
Capless Tire Valves, Mechanical Rubber 
Goods. 


JENKINS VALVES ARE SOLD BY GOOD SUPPLY HOUSES EVERYWHERE 
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Jas. P. Marsh Corporation 

2072 Southport Ave., Chicago 14, 111. 

Branches in Principal Cities 


Marsh products include: Pressure, Vacuum and Compound 
Gauges; Dial Thermometers; Steam Traps; Air Valves and 
Vents; Packless Radiator Valves and other heating specialties. 


Thermostatic Diaphragm 
Radiator Traps 

These efficient traps are equipped with 
a phosphor bronze diaphragm, consisting 
of two wafers of tinned phosphor bronze, 
drawn and spun to perfection of temper. 



The wafers are spun together and soldered 
to form a seamless, sensitive, powerful 
expanding member — not easily fouled by 
dirt and foreign matter. Diaphragms are 
charged with a volatile fluid making them 
self-equalizing for use on pressures below 
atmosphere to 15 lbs. gauge. Traps are 
factory adjusted. 

(Due to war restrictions some changes are made 
in the construction of these traps. However, the 
diaphragm or motive element remains as illustrated.) 

Packless Radiator Valves 

Marsh all-metal packless valves are 
truly packless. These valves contain no 
packing to deteriorate, wear or crack, and 
are simple in design, with ample strength 



where strength is required. The principles 
upon which they are designed have been 
proved sound over many years of service. 
Valves operate easily — opening or closing 
tightly with less than one full turn. All 
valves are individually tested. Adaptable 
for use on hot water — forced or gravity 
systems — as well as all steam heating 
systems. 

(Due to war restrictions some changes are made 
in the body construction and available sizes. 
However, the interior construction remains as 
illustrated.) 


Marsh No. 12 

Float and Thermostatic Traps 



Marsh Heavy Duty Float and Ther- 
mostatic Traps are designed for removal 
of air and condensate from steam mains, 
branches, or risers, unit heaters, steam 
coils, etc. The size and weight of the trap 
permits installation in the piping without 
any other means of support. Condensa- 
tion is discharged through a float operated 
valve located at the lowest point inside 
the trap body. Air vent is located in a 
by-pass in the cap or cover of the trap. 
Air passes through a passageway and out 
through the trap outlet. Construction 
permits removal of mechanism without 
disturbing the piping. 
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Marsh No. 500 
Inverted Bucket Type Trap 




“Recalibrator” for quickly and easily 
resetting the hand to zero when the gauge 
is knocked out of adjustment. 

Marsh Gauges include vacuum and com- 
pound types in a wide range of designs 
covering all ser\dces and pressures. Over 
75 years of gauge manufacturing has 
reached its highest achievement in the 
Marsh “Mastergauge” for use where high 
pressures and temperatures are present 
and where maximum stamina and accuracy 
are essential. 




ui 
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Arthur Harris & Go. 

210-218 N. Aberdeen Street Chicago 7, IlL 

ENGINEERS — FABRICATORS OF NON- 
FERROUS METALS AND STAINLESS STEEL 


Metals Fabricated — Aluminum, Block Tin, Brass, Bronze, Copper, Everdur, Monel, 
Nickel, Inconel, Stainless Steel and KA2 SMO. Bulletin on request. 


Coils 

For heating, cooling and condens- 
ing. All shapes made from any size 
pipe or tube — standard or special 
connections, of copper, brass, alumi- 
num, stainless steel, KA2 SMO, 
monel, inconel, nickel, block tin, 
and Everdur. 




Metal Floats 


I # d a a 


Column Ball Flat Cylindrical Cylindrical Cylindrical 

Made of copper, plain steel, stainless steel, KA2 SMO, aluminum, brass. Monel, pure 
nickel, Admiralty and Everdur, for open tank and all pressures. 

Seamless copper ball floats carried in stock in diameters of 3 in., 4 in., 5 in., 6 in., 7 in., 
8 in., 10 in., 12 in. for open tank and pressures of 25, 50, 100 and 150 lb. Floats in 
special sizes and pressures — made to order. Stainless steel ball floats 2J4 in. to 12 in. for 
high pressure and corrosion carried in stock — special stainless steel floats made to order 
— stainless steel ball floats larger than 12 in. diameter can be made up specially. Float 
catalog sent on request. 



B-S81 Concave 



B~£80 Convex 



B~$90 Convex 


Copper Expansion Joints 

For low pressure and vacuum. 
Made in two styles — convex and 
concave. Sizes 4 in. to 60 in. diame- 
ter. Cast iron or steel flanges. 
Flanges drilled to American stand- 
ard unless otherwise ordered : B-290 
available only in sizes 4 in. to 15 in. 
inclusive. 


Bend. j\| 

We make bends in every shape from all sizes of copper water tube, pipe and tubing in 
copper, brass, aluminum, stainless steel, monel, tin and nickel. Standard or special 
connections. U-bends for storage water heaters. 

Also sp^ial pipe work for industrial installations, plumbing, heating and brewing 
Perforated pipe, double pipe coolers, etc. 

Non-Ferrous Castings-^^Dairywhite^* nickel sUver for Process Industries Equip- 
in r c ^ products machinery. Castings also of 88-10-2 

80-10-10, 85-5-5-5 and special mixtures. Many patterns available without charge. 
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Wolverine Tube Division 

Calumet & Hecla Consolidated Copper Company 
1435 Central Avenue, Detroit 9, Michigan 
SEAMLESS TUBE 
COPPER - BRASS - ALUMINUM 


Sales 

Atlanta, Ga 3777 Peachtree — Dunwoody Rd. 

Baltimore, Md 121 S. Gay St. 

Wellesley Hills, Mass ..37 Fiske Rd. 

Buffalo, N. Y 416 Jackson Bldg. 

Chicago, III 3348 S Pulaski Rd. 

Cleveland, Ohio.__ 1740 East 12th St 

Dayton, Ohio, P O. Box 1041 

Houston, Texas Petroleum Bldg. 

Los Angeles, Calif 1015 East 16th St. 

Louisville, Ky 319 W Main St. 

Milwaukee, Wis 647 W. Virginia St. 


Offices: 

Minneapolis, Minn . 529 S. 7th St. 

Newark, N. J 604-608 Market St. 

New York, N. Y. 60 E. 42nd St. 

New York, N. Y. (Export) 13 E. 40th St. 

Philadelphia, Pa 954 Broad St Station Bldg. 

Pittsburgh, Pa 1214 Liverpool St. 

Portland, Ore. 416 N.W 14th Ave. 

Richmond, Va Mutual Bldg. 

St. Louis, Mo.._ .4565 McRee Ave. 

San Francisco, Calif 7 Front St 

Washington, D. C 808 Investment Bldg. 


COPPER WATER TUBE 



TYPE K— Recommended for Air Con- 
ditioning, Refrigeration, Oil Burner, and 
Plumbing and Heating installations. 

TYPE L— For Oil Burner, Air Con- 
ditioning, Refrigeration and general plumb- 
ing uses. 

TYPE M— Suitable for Air Condition- 
ing and Refrigeration installations and for 
interior plumbing and heating purposes. 

Types K and L furnished in hard or soft 
temper; Type M, hard only. 

Wolverine Water Tube is made accord- 
ing to U. S. Government and A.S.T.M. 
specifications. For a complete list of these 
data, write Detroit for Form 575. 

REFRIGERATION TUBE 

Wolverine refrigeration tube has long 
been the standard of the industry De- 
hydrated, sealed, paper- wrapped ; uniform 
soft temper, and moisture content well 
below minimum specified by A.S.R.E. 
Available from stock in standard coils. ( 


ACCUMULATOR SHELLS 



A new accumulator shell developed hy^ 
Wolverine and produced to customers* 
specifications in a variety of shapes and 
sizes up to 3 H ill- diameter. 

It combines many advantages including 
one-piece construction and is especially 
adaptable to refrigeration problems. Send 
for Catalog E-1 describing other spun-end 
tubular parts. 

WROUGHT FITTINGS 

Wolverine-Nibco Solder Fittings are of 
the straight-line design — ends not^ ex- 
panded. They make strong, neat joints; 
give trouble-free service, and longer life. 
A complete range of sizes is available. 
Write to Detroit or your nearest warehouse 



The experience of 27 years of seamless tube manufacture, the use of the latest 
eouipment, and adherence to Government and customer ^ecifications, are 
responsible for the uniform, high quaUty of Wolverine pr^ucts. “ow, 

backed by the 76-year experience and large resources of Calumet & Hecla, 
Wolverine quality is controlled from ore to finished product. 
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Copper Tubes and Fittings 
Copper and Brass Pipe 


The American Brass Company 

General Offices: Waterbury, Conn. 

Offices and Agencies in Principal Cities 

AnaCOHdA 

from mine to consumer 


CANADIAN ASSOCIATE: Anaconda American Brass Limited, New Toronto, Ontario 


PRODUCTS — ^Anaconda Deoxidized Copper Tubes and Fittings; Anaconda 
**85” Red-Brass Pipe; Bverdur Metal for storage heaters, storage 
tanks, ducts and air conditioning equipment 


ANACONDA COPPER TUBES AND 
FITTINGS 

For Heating, Plumbmg and 
Air Conditioning 

Anaconda Deoxidized Copper Water 
Tubes assembled with Anaconda Fittings 
offer an unusual combination of advan- 
tages in hot water heating systems at a 
cost only slightly higher than black iron 
and approximately the same as wrought 
iron pipe. These advantages may briefly 
be summarized as follows: 

Low Friction Loss — Because the inside 
surfaces of copper tubes are inherently 
smoother than those of pipe and tubes 
made of ferrous materials and also because 
they do not become roughened by the 
formation of rust, these tubes offer a 
lower resistance to flow. In addition, 
the long radius turns of Anaconda Elbows 
and the smooth inside surface of Anaconda 
Wrought Copper Fittings further reduce 
friction losses. 

These factors naturally increase the 
efficiency of the system, particularly when 
it includes a forced pressure circulator. 

Ease of Installation — In many places 
the flesdbility of copper tubes simplifies 
connections that ordinarily would be awk- 
ward and expensive to make with rigid 
pipe and threaded fittings. Anaconda 
Solder Fittings are compact. They can 
be installed in restricted space where the 
use of a wrench would be impossible. 

Architects and builders naturally object 
to large holes and notches cut in the I 


framing members of a building for the 
passage of piping. Anaoonda Copper 
Tubes can be installed with a minimum of 
cutting in the structure — although holes 
should be large enough to permit move- 
ment of tubes due to expansion and 
contraction. 

Appearance — Anaconda Deoxidized 
Copper Water Tubes assembled with 
Anaconda Solder Fittings present an at- 
tractive appearance. It is a frequent 
practice to clean the tubes after they are 
installed and apply a coat of clear lacquer 
or similar substance. This keeps the tubes 
bright and makes an installation of which 
both plumber and owner can be proud. 

Temper and Thicknesses — Anaconda 
Copper Tubes are made in both hard and 
soft temper and in standard wall thick- 
nesses. 

They meet the requirements for these 
types of tubes in Federal Specification 
WW-T-799 and A.S.T.M. Specification 
B88-41. Type K, the heaviest, is recom- 
mended for heating lines and general 
piping. 

Accuracy of Dimensions — Anaconda 
Deoxidized Copper Water Tubes are all 
finished to the close sizes required by the 
A.S.T.M. and Federal Specifications, which 
have been found essential for efficient 
assembly with solder fittings. 

Permanent Identification — For per- 
manent identification, the name “Ana- 
conda” and the letter designating the type 
of tube is stamped in the metal at intervals 
of approximately 18 in., throughout every 
coil or straight length of tube. 
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Copper Tubes and Fittings 
Copper and Brass Pipe 


The American Brass Company 


^ Anaconda Copper Tubes, in all standard 
sizes, up to and including 1J4 in. are 
furnished soft in 30, 45 and 60-ft coils; 
also hard and soft in 20-ft straight lengths. 
Sizes over in. are furnished, hard or 
soft, in straight lengths only. 

ANACONDA “85” RED BRASS PIPE 

Anaconda “85” Red Brass Pipe, in 
standard pipe sizes, is considered the 
highest (quality corrosion-resistant pipe 
commercially obtainable at a moderate 
price and is recommended for steam return 
lines. 

Anaconda “85” Red Brass Pipe contains 
85 per cent copper and conforms to Govem- 
nient specifications for Grade “A” water 
pipe. The mark “Anaconda 85” is 
stamped in the metal at one-foot intervals 
throughout each length. 

EVERDUR* 

^ Everdur Metal is the original copper- 
silicon alloy. It is manufactured by The 
American Brass Company in four standard 
compositions and in practically all com- 
mercial forms. 

This high strength engineering metal is 
resistant to a wide range of corroding 
agents. Because of a versatile combina- 
tion of useful properties, Everdur has 
become standard as a material for equip- 
ment in many fields of engineering and 
industry. 

In addition to their non-rusting proper- 
ties and high strength, Everdur alloys 
possess many qualities not usually found 
in metals of this character. They are 
unusually resistant to general atmospheric 
conditions and other normally corrosive 
factors.^ Everdur alloys have excellent 
machining and working characteristics and 
can be fabricated into a variety of forms 
and shapes. They also weld readily by 
commercial methods. 

CORROSION RESISTANCE 

The corrosion resistance of Everdur is 
equal to that of pure copper and in some 
cases, slightly superior. 


♦"Everdur” is a trademark of The American 
Brass Company registered at the U. S. Patent 
Office. 


However, like copper and all copper 
alloys, Everdur is not equally resistant to 
all corroding agents, nor to the same cor- 
roding agents under all conditions. As 
with copper, the resistance to corrosion 
may be substantially reduced in some 
instances by the presence of oxidizing 
agents. Nevertheless, Everdur does offer 
excellent resistance to the corrosive action 
of many solutions and atmospheres. 

Everdur Tanks — Everdur copper-sili- 
con alloy is an ideal material for durable, 
rustless water tanks of every description — 
from domestic range boilers to large storage 
heaters for hotels, laundries, hospitals, 
textile plants, schools or breweries. 

Everdur is made in all commercial shapes 
including annealed tank plates which have 
physical properties as given in A.S.T.M. 
Specification B96-42. 

Minimum specification requirements for 
hot rolled-and-annealed tank plates are: 
Tensile Strength, 50,000 psi.; Yield 
Strength (at 0.5 per cent elongation under 
load) 18,000 psi.; Elongation, 40 per cent 
in 2 inches. 

Sound, double welded butt joints made 
on annealed Everdur tank plates have a 
minimum tensile strength of 47,500 psi. 
and single welded butt joints have a 
minimum tensile strength of 42,500 psi. 
after the beads have been removed. 

For additional data and names of fabri- 
cators address our nearest office or agency. 


EVERDUR FOR AIR CONDITIONING 
EQUIPMENT 

Because of its strength and welding 
properties, Everdur may be substituted 
for steel and fabricated by substantially 
the same methods and with the same 
equipment as steel. 

Everdur metal has been used with 
marked success for fans and blowers, ducts, 
humidifiers, cast and wrought parts of 
other equipment items subject to corrosive 
influences. 


EVERDUR LITERATURE 

Descriptive literature containing much 
pertinent tabular data will be sent upon 
request. 
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Cooper Tubes and Fittings 
Copper and Brass Pipe 


Mueller Brass Co. 


Albany, N Y. 
Atlanta, Ga 
Boston, Mass. 
Chicago, III. 
Cincinnati, Ohio 
CLE^’T:LAND, OHIO 


Port Huron, Mich. 


Branch Offices and Representatives in Principal Cities 


St. Louis, Mo 
Dallas, Texas 
Detroit, Mich. 
Flint, Mich. 
Harrisburg, Pa. 


Indianapolis, Ind 
Lansing, Mich. 

Los Angeles, Calif. 
Minneapolis. Minn. 
Newark, N. J 


Canadian Sales and Manufacturer 


New Orleans, La 
Philadelphia, Pa. 

N. S Pittsburgh, Pa. 
San FRANasco, Calif. 
Seattle, Wash. 
Washington, D. C. 


Canada Wire and Cable Co., Ltd., Toronto, Canada 


Mexico 

George F. Gilfrin, Edificio “La Nacional,” Mexico, D. F. 


PRODUCTS — STREAMLINE Copper Pipe and Seamless Tubes; STREAMLINE 
Hard Copper Pipe and Solder Fittings; Valves, Flared and STREAMLINE 
Solder Fittings for Mechanical Refrigeration; Forgings of Brass, Bronze and 
Copper; Castings of Brass and Bronze; Rod; Screw Machine Products; Fabri- 
cated Parts and Special Nickel and Chromium Plated Parts; Machined Formed 
Tubes. 



Coupling Copper to Copper Copper to Outside 1 P.S. 45 Deg Elbow 


Streamline Copper Pipe and Fittings for heating, plumbing, air conditioning and 
industrial use are made by the Streamline Pipe and Fittings Division, Mueller Brass 
Co., Port Huron, Mich. 

The Streamline Solder Fitting is the original solder type fitting, introduced and 
manufactured by the Mueller Brass Co. of Port Huron, Mich. It incorporates many 
advantageous features and has proved to be the revolutionary advance of the age in the 
development of piping systems for plumbing and heating and for many industrial uses. 

The Streamline Solder Fitting is not connected either by threading or flaring, but by 
soldering. The outside surface of the copper pipe and the inner surface of the Stream- 
line fitting are cleaned with sandcloth, and solder flux is then applied to the cleaned 
surfaces to eliminate oxidation when the assembled joint is heated. The joint is then 
sufficiently heated with a blow or acetylene torch and the soldering operation is per- 
formed by feeding wire or stick solder through the feed hole in the fitting. 

The Streamline Solder Fitting alone has the solder feed hole, groove and taper. The 
solder feed hole, through which the solder is introduced, enters directly into an internal 
feed channel. The feed channel is located equidistantly between the internal shoulder 
against which the pipe rests and the outer edge of the fitting. When solder is introduced 
it is distributed by capillarity from the feed channel and distributed evenly and thoroughly 
between the bonding surfaces, traveling inward to the shoulder and outward to the edge 
of the fitting where it appears as a continuous solder ring around the full circumference 
of the pipe. This ring, and feed hole completely filled with solder, constitute positive 
proof to the operator that the joint is permanently leak-proof. An actual pressure test 
is not necessary. 

The tapered ends, since they are the thinner sections of the fitting, hasten the cooling 
of the solder at these points and facilitate the completion of the joint. 
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Copper Tubes and Fittings 
Copper and Brass Pipe 


Streamline Pipe and Fittings Division 

MUELLER BRASS CO. 

Port Huron, Mich. 


PatenU 1770852; 1776502 



90 Deg Elbow Crosses 

Copper to Inside I.P 5 . 


The solder may be fed from any position, whether the feed hole is located at the top, 
side or bottom. Owing to the never failing phenomena of capillarity, the solder will 
flow up, down or laterally with equal facility. 

Streamline Copper Pipe is a seamless cold drawn copper tubing conforming to 
A.S.T.M. B 88-33. For most piping purposes, hard drawn pipe is used though annealed 
material is supplied where bends are to be made. Three weights of Streamline Copper 
Pipe, Govt. Types K, L and M, are made in all sizes, and an additional lighter weight 
is made in sizes 3 in. and larger. The latter is used mainly by the paper industry for 
pressures not over 125 lb. 

This range of weights permits its use for water or air pressures up to 400 lb. 

Streamline Solder Fittings are furnished in sizes from in. to 12 in. inclusive with 
a full range of reducing sizes. 

Fittings above 6 in. are flanged and may be had with either A,S.A. or rivetted pipe 
standard flanges. Mating flanges are soldered to the pipe. 

The Streamline Solder Fitting permits the use of thin-walled copper pipe and places 
a non-rusting, non-clogging piping system within the reach of the ordinary investor. 
Vibration is not localized at the joints, but is harmlessly dissipated throughout the 
system. (Copper Pipe has the property of transferring the heated element (steam or hot 
water) from the point of generation (boiler) to the radiators quickly and with slight 
temperature drop.) 

During the last ten years architects and engineers have used Streamline Copper Pipe 
and Fittings successfully in every type of building construction and in thousands of 
installations throughout the United States and Canada. 

In addition to its rust and vibration-proof qualities and long life, Streamline 
has many other advantages such as the reduction in size of pipe lines and radiator con- 
nections from those nominally used, a neat, compact installation requiring a minimum of 
space and important advantages in industrial and drainage applications. There is a 
Streamline product for every piping requirement. 

STREAMLINE fittings and copper pipe are now being installed in victory 
ships, subchasers, submarines, etc. Write Mueller Brass Go., Port Huron, 
Michigan, for complete information. 
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Revere Copper and Brass Incorporated 

Executive ofBce: 230 Park Avcnuc, New York 17, N. Y. 


MILLS — Baltimore, Md , New Bedford, Mass., Rome, N. Y., 

Detroit, Mich., Chicago, III. 

SALES OFFICES — Boston, Mass.. Providence, R. I , Philadelphia, Pa., Atlanta, 
Ga , New Orle.\.ns, La , New York, N Y , Pittsburgh, Pa., Cleveland, Ohio, 
Cincinnati, Ohio, Grand Rapids, Mich , Milwaukee, Wis., St. Louis, Mo. 
Minneapolis, AIinn., Dallas, Texas. Seattle, Wash., San Francisco, Calif., 
Los Angeles, Calif., Hartford. Conn . Dayton, Ohio, Houston, Texas 


REVERE COPPER WATER TUBE 


Revere Copper Water Tube is recom- 
mended for heating lines, refrigerant lines, 
heat control lines and for other heating and 
ventilating piping. This tube is seamless, 
99.9 per cent pure copper, completely 
deoxidized, with a gun-barrel finish inside. 

It is furnished in three types known as 
“K,” “L,” and “M,” which meet Govern- 
ment and A.S.T.M. specifications. In 
general the Type “K” is used where cor- 
rosive conditions are severe, and types “L” 
and “M” where these conditions are 
normal. For most heating work, Types 
“L” and “M” are satisfactory. 

Types *‘K” and “L” are furnished in 
both hard and soft tempers; Type “M’* in 
hard temper only. The hard temper is 
used for new and exposed w’ork; the soft 
temper for hidden replacement w’ork and 
where flexibility is essential. 

(A 40 page hand book on Revere Copper 
Water Tube will be sent on request.) 

Fittings— -This tube is joined with 
soldered fittings or with any standard 
make of compression fittings. Thus, 
threading is eliminated and metal in S.P.S. 
pipe used only for cutting threads is saved. 
The wall thickness of Revere Copper 
Water Tube is uniform throughout and the 
joints are leak-proof, vibration-proof and 
stronger than the tube itself. 

Advantages of Revere Copper Water 
Tube — In brief these are as follows: 

1. Revere Copper Water Tube has many 
installation advantages. With Soldered 
Fittings it can be installed in a minimum of 
space. The soft temper tube can be bent 
where needed, as for example, around 
spandrel beams. This saves installation 
time and eliminates fittings. Furring is 
greatly reduced. Joints may be easily 
disassembled. 

2. Revere Copper Water Tube cannot 
rust, so that it is not necessary to install 
oversize pipe. It is recommended par- 
ticularly for steam return lines where the 
greatest amount of corrosion takes place. 

3. ^ In forced circulation hot water 
heating systems, where small pipe sizes are 
used. Copper Water Tube can be installed 
at prices that are competitive with iron or 
steel. The range of sizes is such that a 
balanced system can be designed using 
minimum pipe sizes. 


4. In general pipe covering can be one 
size smaller with Copper Water Tube than 
for the same size S.P.S. pipe because of the 
smaller outside diameter of the tube. It 
can also be light in weight just heavy 
enough to prevent convection losses. 

5. Because of its flexibility and the 
ingenuity with which Copper Water Tube 
can be joined with Soldered Fittings, this 
tube is recommended for all sorts of special 
hook-ups. 

To Heating and Air Conditioning 
Manufacturers — Revere Engineers are 
anxious to cooperate with manufacturers 
of heating and air conditioning equipment 
and to make recommendations with refer- 
ence to the use of non-ferrous products. 


Revere Copper Water Tube 
STANDARD DIMENSIONS AND WEIGHTS 


Size 

In 

In. 

TypeK 

Type L 

Type M 

O.D. 

in 

In 

Wall 

Thick- 

ness 

In. 

Wt. 

Lb 

per Ft 

Wall 

Thick- 

ness 

In. 

Wtl 

Lb 

per Ft 

Wall 

Thick- 

ness 

In. 

Wt. 

Lb 

per Ft 

>4 

.375 

.032 

.134 

.030 

.126 

.025 

.107 

% 

.500 

.049 

.269 

.035 

.198 

.025 

.145 

V? 

.625 

.049 

.344 

.040 

.285 

.028 

.204 

Vs 

.750 

.049 

.41 f 

.042 

.362 

.030 

.263 

3/4 

.875 

.065 

.641 

.045 

.455 

.032 

.328 

] 

1.125 

.065 

.839 

.050 

.655 

.0^ 

.465 

V/4 

1.375 

.065 

104 

.055 

.884 

.042 

.682 


1.625 

.072 

1.36 

.060 

1.14 

.049 

.940 

2 

2 125 

.083 

2 06 

.070 

1 75 

0.58 

1.46 

m 

2 625 

.095 

2 93 

.080 

2 48 

0.65 

2 03 

3 

3.125 

.109 

4.00 

.090 

3.33 

.072 

2.68 

3y2 

3.625 

.120 

5.12 

.100 

4.29 

.083 

3.58 

4 

4.125 

.134 

6.51 

.110 

5.38 

.095 

4.66 

5 

5.125 

.160 

9.67 

.125 

7.61 

.109 

6.66 

6 

6.125 

.192 

13.9 

.140 

102 

.122 

8.92 

8 

8.125 

.271 

25.9 

.200 

19.3 

.170 

16.5 

10 

10.125 

.338 

40 3 

.250 

30.1 

.212 

25.6 

12 

12 125 

.405 

57.8 

.280 

40.4 

.254 

36.7 


Recommended Operating Pressures 

Type K— Hard Temper up to 400 pounds 

Type K — Soft Temper up to 250 pounds 

Tjrpe Ii — ^B!ard Temper.., up to 250 pounds 

Type L — Soft Temper. up to 150 pounds 

Type M — Hard Temper.- up to 250 pounds 

Tempers and Lengths 

Type K ) Hard and Soft Temper in straight 20 ft lengths. 
Type L J Soft Temper in 30 ft, 45 ft, and 60 ft coils. 

Type M — Hard Temper m straight 20 ft lengths. 
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The Dow Chemical Company 


New York 


Midland 

Chicago 


St. Louis Houston San Francisco 
Plastics Division 


Michigan 
Los Angeles 


Seattle 


SARAN PIPE, TUBING AND FITTINGS 

For Installations Requiring High Chemical Resistance 


Saran pipe and tubing are two out- 
standing^ plastic developments now 
serving industry. For the first time, 
thoroughly practical thermoplastic 
piping and tubing are available for a 
wide variety of uses, especially those 
jobs requiring high chemical resistance. 


Both are made of a thermoplastic resin 
outstanding among plastic materials 
for its chemical resistance (see table 
below). Booklets giving full details of 
Saran pipe and tubing's many pos- 
sibilities and when and how to use 
them are available from Dow. 


CHEMICAL RESISTANCE OF SARAN AT ROOM TEMPERATURE 


Reagent Stability Rating Reagent 
98 %(Coiic.)H 2 S 04 Fair 50%HaOH 

60%H2S04 Excellent 10%HaOH 

30%H2S04 ExceUent 28 %NH 40 H 

10%Hj!SO 4 ExceUent 10%NH40H 

35% (Cone.) HCl ExceUent Ethyl Alcohol 

10%HC1 ExceUent Carbon Tetrachloride 

65% (Cone.) HNO 3 Good Di Ethyl Ether 

10% HNOa ExceUent *Benzene 

Glacial Acetic ExceUent Ethyl Gasoline 

10% Acetic ExceUent Turpentine 

5% H 2 SO 3 ExceUent Triethanolamine 

Cone. Oleic ExceUent Lubricating Oil 


Stability Rating Reagent 
Good Linseed Oil 

Good Bromine Water 

Not Recommended Chlorme Water 
NotReceommended “Chlorax*" Bleaching 
ExceUent Solution 

Good 10% Duponol 

Good 10% Zinc Hydro- 

Not Recommended sulfite 


ExceUent 

ExceUent 

Excellent 

ExceUent 


15%CaCls 


Water 

Air 


Stability Rating 

ExceUent 

Not Recommended 
Not Recommended 

ExceUent 

ExceUent 

ExceUent 

ExceUent 

ExceUent 

ExceUent 

ExceUent 


It should be noted that chemical resistance decreases with rise in temperature. 
*Shrinks slightly upon immersion in these solvents. 



TUBING 

Saran tubing accom- 
modates both high and 
low pressures, with- 
stands freezing, and 
is heat resistant up to 
170 F. Its unusual 
chemical resistance gives 
it wide use in laboratory 
and industrial instal- 
lations where acids and 
corrosive chemicals 
must be handled. 

Saran tubing is readi- 
ly flared with a special 
flaring tool, assunng a 
tight joint in special 
Saran fittings. The 
operation is illustrated 
at the left. Tees, 
elbows, and straight 
joints (illustrated) are 
avaiable in sizes to 
match tubing. Saran 
tubing is available in 
sizes up to % in. O.D. 


PIPE 

As in Saran tubing, 
chemical resistance 
makes Saran pipe m- 
valuable for installa- 
tions in chemical and 
industrial plants. Saran 
pipe is only } 4 , the 
weight of comparable 
sizes of iron pipe. 

Welding is a quick 
and simple operation. 
Placed on a heated 
welding plate until 
molten, the ends are 
pressed together firmly 
— a complete weld 
formed in one minute. 

Saran pipe is easily 
threaded with modified 
standard equipment. 
Flanges, couplings, ells 
and plugs are available. 
Further fittings are 
being developed. Saran 
pipe IS available in 
sizes up to 4 in. O D. 
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Insulation 


Glass Blocks 
Skylights 


American 3 Way-Luxfer Prism Co. 


24 N. Pulaski Rd., 
Chicago-.24, 111. 



103 Park Ave., 
New York-17, N. Y. 


AMERICAN GLASS BLOCK SKYLIGHTS 


— tUs AMERICAN Wcuf! 


American 3-Way Rooflights make use of Glass Blocks of special design and strength, 
manufactured by the proven process, incorporating four way design lenses on inner 
surfaces of plates, also resulting in uniform even light distribution over wide areas, 
leaving top and bottom surfaces smooth for easy cleaning. 

Glass Blocks are 9 in. x 9 in. x 23^ in. and spaced approximately in. on centers. 


Low Heat Transfer 

Tests conducted by methods suggested 
by the A.S.H.V.E. Code show that Glass 
Block Rooflights have about two and one- 
half times the insulating value of sheet 
metal skylights with no heat losses by 
“escape,” since the construction is air- 
tight. 

Solar Heat Transmission 

Reduction^ in total solar heat gain as 
compared with ordinary windows is in- 
dicated by relative values given in Table 7 
on Page 154 and Table 8 on Page 156 in 
Chapter 7, 



American Glass Block Skylight 


Triple Plates of Glass 

Magnalite Diffusing Glass units may 
be attached to under side of glass block 
construction thus making for effective 
uniform light diffusion and even distribu- 
tion; also very effective in condensation 
problems 



Section of American Glass Block Skylight 
Showing Method of Block Application 


Insulated Construction 

Construction of rigid reinforced con- 
crete ^ids can be arranged with insulation 
materials sufficient to approximately equal 
the performance of the glass blocks. 

Condensation 

Due to the nature of the grid con- 
struction where insulation materials are 
employed with semi-vacuum glass blocks 
assemblies there is little or no tendency for 
condensation to form on the under side. 
Should relative high humidities or ab- 
normal conditions exist, further insulation 
treatment can be provided. 

Glass Block Assemblies for all 
off-vertical arrangements are available. 
Details will be furnished on request. 

3-Way Glass Block Skylights may 
also be furnished without special insula- 
tion treatment in reinforced concrete grid 
construction. 


Write for Complete Information 
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OWENS-ILLINOIS 



Owens-Illinois 
Glass Company 

INSULUX PRODUCTS DIVISION 

Toledo, Ohio 

Dealers in All Principal Cities 


Insulux Glass Block Give Better 
Control of Interior Conditions 

Insulux Glass Block are hollow, partially evacuated 
block, SJ4 inches thick, with ribbed or smooth 
faces. Laid up in mortar in solid panels, they form 
a light-transmitting area that also offers high insu- 
lation value. Proper use of Insulux Glass Block 
results in better control of interior conditions, and 
therefore greater efficiency and lower initial and 
operating costs for cooling and heating plants. 


Lower Heat Transmission 

Tests on conductivity of Insulux Glass 
Block show that the heat transmission of 
Insulux is approximately the same as for a 
concrete wall 16 inches thick or a brick 
wall 8 inches thick. The U factor for 
smooth face block is .49 Btu per sq ft 
per hour per degree difference in tempera- 
ture. For ribbed block, the U factor is 
.46. This test data is available for inspec- 
tion by engineers. 

Reduction of Solar Heat 

In a comparative test of solar heat trans- 
mission, a single glazed steel sash trans- 
mitted 94 per cent more heat than an 
Insulux panel. As with sash, however, 
Insulux panels transmit less solar heat if 
properly oriented and well shaded. There 
is variation in the solar heat transmission 
Better Insulation oi different designs of Insulux — data will 

be furnished on request. 




The cross-section drawing above shows 
why Insulux Glass Block panels give higher 
insulation than ordinary light-transmitting 
areas. The glass block, partially evacuated 
and with thick faces, lower the con- 
ductivity and solar heat transmission of 
the light-transmitting area. Air infiltra- 
tion is eliminated. The better insulation 
provided by Insulux is a factor in planning 
air conditioning and heating equipment 
and operating costs. 


Designs, Sizes, Erection 

Insulux Glass Block are made in 11 at- 
tractive designs for both residential and 
industrial use. They are available in three 
sizes: in. square, 7% in. square and 

11% in. square. Panels are easily and 
quickly erected by bricklayers. Ad- 
ditional technical data, installation infor- 
mation, etc., will be furnished on request. 
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Pittsburgh Corning Corporation 

Grant Building, Pittsburgh, Pa. 

Distribution through Pittsburgh Plate Glass Company warehouses in 
principal cities and by the W. P. Fuller Company on the West Coast. 


E Glass Blocks allow the economical 
use of large glass areas, reduce heat 
loss in cold weather and materially 
aid air-conditioning. This is because each 
PC Glass Block contains a sealed-in dead- 
air space that is an effective retardant to 
heat transfer. 

Thermal Insulation 

Tests run by nationally recognized labora- 
tories have established the value of glass 
blocks for insulation of light-transmitting 
areas. These tests have proved that with 
glass block panels, heat loss is slightly less 
than half that experienced with single- 
glazed windows. In computing heat losses 
through panels for most design purposes, 
it is recommended that a “U” value of 
0.46 to 0.49 be used for all block sizes and 
face patterns. For complete data on heat 
transfer values see the section on heat 
transfer elsewhere in this Guide — page 115. 

Surface Condensation 

Due to high insulating value, condensation 
will not start forming on the room side of 
glass block panels until outside air has 
reached a temperature much lower than 
that necessary to produce condensation on 
single-glazed windows. The accompanying 
chart shows at what temperatures con- 
densation will form. 

Ovidoor temperature required to produce 
condensation on the room side surface of 
PC Glass Block panels. 
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For ^mple, with inside air at 70 F and 
relative humidity at 40 per cent, condensa- 
tion will not begin to form on the interior 
surfaces of a glass block panel until an out- 


door temperature of —14 deg is reached. 
Under similar conditions with single-glazed 
sash, moisture will begin to form when the 
outdoor temperature reaches -(-33 F. 

Solar Heat Gain 

The use of glass blocks for light-trans- 
mitting areas results in a marked reduction 
in total solar heat gain as compared with 
ordinary windows. This factor is of con- 
siderable advantage in buildings that are 
properly air conditioned, but does not 
eliminate the need for adequate ventilation 
or shading in non-air-conditioned rooms. 

For data on solar heat gain through glass 
blocks see the table in the solar radiation 
section of this Guide — page 156. This 
table is for standard pattern glass blocks. 

PC Glass Blocks Aid 
Air-Conditioning 

The three chief aims of air-conditioning — 
temperature control, humidity control and 
cleansing of air are all aided by the use of 
PC Glass Blocks. Heat loss is less in 
winter~heat gain is less in summer. Ideal 
humidity conditions are much more easily 
maintained without undue condensation. 
Solar heat transmission and radiation are 
reduced. Dirt can’t filter in, for each panel 
is a tightly sealed unit. 

Sizes and Shapes Available 

PC Glass Blocks are 
'j available in eight at- 
' tractive patterns, 

I some of the patterns 
! being designed for 
, si^cial^ control and 
‘ direction of trans- 
' mitted daylight. For 
complete informa- 
tion on the sizes and 
shapes of PC Glass 
Blocks, and for illustrations of the many 
pattens available, write the Pittsburgh 
Corning Corporation, Pittsburgh, Pa., or 
call the nearest Pittsburgh Plate Glass 
Company warehouse. 

• • • 

Additional technical data, including de- 
tailed figures on thermal insulation, solar 
heat gain, surface condensation, light 
transmission and construction data, will 
be furnished on request. 
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Libbey Owens ‘Ford Glass Company 

Nicholas Building, Toledo, Ohio 

WINDOW CONDITIONING (Storm Sash) FOR FUEL CONSERVATION 



THERMOPANE 

Insulating 

Glass 



L-O-F Thermopane is an insulating 
glass unit composed of two or more lights 
of glass separated by H in. or in. of 
dehydrated captive air, hermetically sealed, 
with metal bonded directly to the glass. 

Included among Thermopane’s proper- 
ties are: High insulating value; air proof 
and moist ureproof ; retardation normal 
room heat transmission ; high admission of 
solar heat; prevention of condensation, 
fogging and frosting of glass under normal 
humidity conditions; clear and unob- 
structed vision; decrease in transmission of 
sound; simple installation. 

Thermopane Units made with two 
lights of glass are used to glaze any kind of 
wood or metal window or door frame for 
practically any purpose in buildings 
requiring heating or air conditioning. 
Triple-light Thermopane is suitable for 
large stationary units such as picture 
windows or insulated glass walls in resi- 
dences, public or commercial buildings and 
in show windows for refrigerated display. 


Heat Transmission Data 


Glazing 

Coefficient 

of 

Transmission 

(U) 

Per Cent 
Heat 
Transfer 
Stopped 

Temperature 
Inside Glass 

0 Deg. 
Outside — 

70 Deg. 
Inside 

Single 




Glass 

1,13 

00 

23° F 

Double 




Thermopane 

.45 

60% 

46° F 

Triple 

Thermopane 

.281 

75% 

54° F 


Thermopane is manufactured with the 
following types of glass: DSA; in. 
Blue Ridge, Plate, Color Clear Plate and 
L-O-F Heat Absorbing Plate; % in. 
Plate; in. Sheet; % in. Blue Ridge; 
34 in. Plate, Color Clear Plate and L-O-F 
Heat Absorbing Plate; % in. Colored Plate. 

Types — Thermopane cannot be fur- 
nished in the following: Single Strength 
Sheet Glass, B quality Glass, Wire Glass, 
^tinol or Frosted Blue Ridge Glass. If 
sandblasted Thermopane is desired, please 


submit specifications for consideration. 

For certain purposes Tuf-flex plate 
glass wdll be furnished in Thermopane in 
limited sizes. Particulars will be furnished 
upon request. 

Heat Loss Reduced 
In buildings with the conventional type 
of windows, the use of double Thermopane 
will reduce by about 60 per cent the heat 
loss normally occurring through single 
glass. Since the average heat losses in 
buildings through single glass often amount 
to 50 to 75 per cent of the total heat loss, 
it becomes readily apparent that the use of 
Thermopane will effect a considerable re- 
duction in the operating cost of heating 
and air conditioning plants. 

An element hitherto generally disregarded 
in calculations for heating requirements has 
been '‘Solar Heat,” or the heat brought 
into the room by the infra-red rays of the 
sun. Clear glass admits about 85 per cent 
of the infra-red rays in average sunlight. 

This additional heat source can be uti- 
lized to best advantage by glzizing openings 
with double or triple Thermopane, since it 
permits influx of solar heat and greatly 
reduces the normal loss of heat from the 
inside. 

Thermopane Aids Air Conditioning 
For buildings that are air conditioned, 
Thermopane offers exceptional advantages. 
By reducing condensation and heat loss, 
the use of Thermopane permits more accu- 
rate calculation and equipment design, 
resulting in lower initial cost, better per- 
formance, and economy of operation. 

Where the emphasis of the air condition- 
ing system is on cooling, the heat load can 
be further reduced through the use 
of Thermopane in which L-O-F Heat Ab- 
sorbing Plate Glass or Blue Ridge Aldo 
Glass is incorporated as the outer light 
with clear glass for the inner pane. 

For additional information about Ther- 
mopane, contact your nearest Libbey- 
Owens-Ford distributor or dealer, or 
write direct to 


LIBBEY-OWENS-FORD GLASS COMPANY, Toledo, Ohio 
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Adsco 

American District Steam Company 

PRODUCTS 

North Tonawanda.N.Y 

for STEAM 

IN BUSINESS OVER SIXTY YEARS 

SERVICE 

Branches and Agents in Principal Cities 



Tile Conduit with ADSCO Filler Insulation — 
a '‘Fiberglas’* Product 




Internally-Externally Gutded Joint 



Piston^Ring Type Joint 


OVER SIXTY YEARS EXPERIENCE 
IS BUILT INTO THE DESIGN AND 
MANUFACTURE OF DEPENDABLE 
ADSCO PRODUCTS FOR PIPE LINES 

For over sixty years ADSCO engineers 
have specialized in the design and appli- 
cation of pipe fittings and accessory equip- 
ment for underground and surface steam, 
water, oil and other piping systems. An 
extensive, modern plant including foundry, 
machine shop, casing mill, shipping and 
storage facilities enable ADSCO to produce 
high grade products by skilled workmen 
under expert supervision. 

LEADING MAKERS OF 
EXPANSION JOINTS 

As pioneer manufacturers of expansion 
joints for pipe lines, ADSCO is the largest 
single producer of such equipment in the 
world. We offer the most extensive line of 
packless and slip type joints in various 
types to meet the requirements of any pipe 
line expansion and contraction problem. 
In addition, ADSCO produces all of the 
related equipment necessary to the perma- 
nent installation of efficient pipe lines, 
including tile conduit and wood casing for 
underground lines, pipe supports, saddle 
plates, alignment guides, steam traps, con- 
densation and flow meters, storage and 
instantaneous water heaters, strainers, 
manhole frames, and vapor heating spec- 
ialties. 

ENGINEERING ASSISTANCE 

ADSCO engineers welcome the oppor- 
tunity of working with industrial plants, 
utility companies, colleges, institutions, 
and government departments in the solu- 
tion of their pipe line expansion and con- 
traction problems and correspondence is 
invited giving the details of any proposed 
piping installation. 

WRITE FOR ADSCO CATALOG No. 35 

All ADSCO products are illustrated and 
described in the latest ADSCO Catalog 
No. 35 containing over 136 pages of 
informative data for the specification and 
purchase of dependable products for 
underground or surface pipe line distri- 
bution systems. Write for your copy 
today to the American District Steam 
Company, 65 Bryant St., North Tona- 
wanda, New York. 
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H. W. Porter & Co. 

INCORPORATED 

817-G Frelinghuysen Ave., Newark, New Jersey 

Permanent Protection and Insulation for Underground Pipe Lines 

BALTIMORE, MD. CHARLOTTE, N. C. RICHMOND, VA. 


3^srm-0-7ile, 

STEAM 

CONDUIT SYSTEMS 

“Permanent” — Now that Therm-0- 
Tile has been on the market over ten 
years, and its design is well known by all 
leading heating and ventilating engineers, 
'we would like to point to the importance 
of “Permanent protection.” 

In previous issues of this book we have 
stated that Therm-O-Tile is “A complete 
conduit system for the permanent support, 
protection, and insulation of underground 
mains for steam distribution.” 

Not Merely “Temporary” — It is not 
difficult to provide temporary protection 
and insulation for underground pipe lines. 
Threads and joints don’t fail immediately, 
and foundations don’t sag immediately, 
but unless the job is properly done it won’t 
be long before water seeps in and ruins the 
insulation. With wet and spoiled insu- 
lation efficiency drops drastically. And, 
unless the conduit is built on a solid 
foundation there will be sagging and col- 
lection of water in pockets. 

Therm-O-Tile Drainage System — 
In the Therm-O-Tile concrete base there 
is a drainage channel — clearly visible in 
photograph at right — which carries off all 
water that may enter the conduit from any 
source, thereby keeping the insulation 
permanently dry. Drainage is entirely 
internal. The channel is accurately and 
permanently sloped so that condensate or 
other pockets cannot form. Open to thor- 
ough inspection at any time at manholes. 
Amply large to keep the pipe space dry at 
all times. 

“Spread Footing” Foundation — So 
that there will be no settling or sagging 
the Therm-O-Tile “Spread Footing” found- 

Sln^e or Multiple 
Pipe Lines Using 
Sectional Pipe 
Insulation. 


Typical piping ar- 
rangement in Therm- 
0-Tile when there are 
two pipe lines. Note 
the channel drain 
which permanently 
Protects” the tnsitr- 
lation. 




ation base is a thick concrete slab poured 
directly in the trench bottom as shown in 
the photograph. It is steel reinforced 
when installed over filled or boggy ground 
— a construction necessary for “permanent 
protection.” 

See Previous Issues — In previous 
issues of this Guide we gave details re- 
garding the Tile Envelope which produces 
27 different conduit cross sections We 
told about the ideal accessibility of this 
conduit, its great strength, how it is water- 
proofed, and how the insulation is applied. 
For complete information ask for a copy of 
Bulletin 381. 

Help Win the War — ^Therm-O-Tile is 
made almost entirely of “Non-Critical 
Materials.” Less than 2 per cent of the 
entire conduit, by weight, is made of metal 
— the pipe supports are the ONLY metal. 

Competitive In Cost— Despite the 
high efficiency, strength, dependability, 
and other highly desirable features that 
are obtained in Therm-O-Tile, it is never- 
theless competitive in ^ total^ first cost. 
Thorough investigation is invited. 

We Co-operate — Our engineers^ have 
had unusual and broad experience in the 
design and installation of steam conveying 
equipment for a vast range of purposes. 
They will gladly cooperate in solving your 
own individual problems of this nature. 

Representatives — Therm-O-Tile is sold 
and installed by Johns-Manyille Construc- 
tion Units in all principal cities. 
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The Ric-wiL Company 

INSULATED PIPE CONDUIT SYSTEMS 
Union Commerce Bldg., Cleveland, Ohio • Agents in Principal Cities 


There is a Ric-wiL insulated conduit system engineered to your specific 
needs — the transmission of steam, hot water, oil, hot or refrigerated 
process liquids — providing heat transfer with the lowest possible loss. 



1. RIC-WIL INSUUTED PIPE UNIT-SINGLE PIPE SYSTEM 
Prefabricated complete units — pipe as specified, thoroughly 
insulated, in helical corrugated conduit, coated and wrapped 
with asphalt saturated asbestos felt. 21-ft lengths for 
speedy installation. For underground or overhead systems. 

2. RIC-WIL INSUUTED PIPE UNIT-MULTIPLE PIPE SYSTEM 

Any specified combination of pipes in prefabricated conduit 
— insulated and protected the same as the single pipe 
system. Any or all of the pipe lines may be specially 
insulated to meet job requirements. 

3. RIC-WIL INSUUTED PIPE UNIT-FOR PROCESS UQUIDS 

An adaptation of the multiple system used where a steam 
or hot water line heats fluids in other lines. Pipes are 
insulated froni the^ exterior but not from each other. 
Sizes and specifications as required — conduit same as for 
other insulated pipe units. 

4. RIC-WIL STANDARD TILE CONDUIT-TYPE F 

Vitrified glazed A.S.T.M. Standard Tile Housing — ^acid 
and waterproof — with foundation type base drain sup- 
porting weight of piping through correctly engineered pipe 
supports. Positive locked-in-place cement seals on sides 
and ends. For single or multiple pipes. 

5. RIC-WIL SUPER TILE CONDUIT-nPE F 

Same advantages as Standard Tile but with walls approxi- 
mately double thick for strength under heavy traffic or 
where overhead load is above normal. Will support con- 
centrated static load of 6 tons per wheel under actual 
installationj_conditions. Base drain of extra-heavy tile. 

6. RIC-WIL CAST IRON CONDUIT-HPE F 

Heavy reinforced cast iron conduit for use where under- 
ground pipe lines run close to or under railroad tracli. 
Durable, water-tight and vibration-proof. Positive locked- 
in-place cement seals on sides and ends with metal clamps 
for extra tightness. 

7. RIC-WIL TILE CONDUIT-UNIVERSAL TYPE 

Where installation conditions dictate the use of a concrete 
pad Ric-wiL Universal Tile is recommended. Side walls 
are double-cell vitrified trapezoidal block design. Arch 
may be Standard Tile, Super-Tile, or Cast Iron. 

8. RIC-WIL TILE CONDUIT-TYPE DA 

For oil or process liquids where conduit must be insulated 
but individual lines are not insulated from one another. 
Insulation is a diatomaceous earth lining, moulded and 
keyed to inside of tile. May also be used CType DF) with 
fibre insulation for steam heat, power and superheated 
steam. Applicable to Standard, Super-Tile and Cast Iron. 


available in all type systems; standard and special fittings, factory fabricated or 
field fabricated expansion devices, alignment gmdes, and anchors. Descriptive bulletins on request. 

GET THE ©RIGINAL— SPECIFY RIC-WIL 
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Universal Zonolite Insulation Go. 

135 South LaSalle Street, Chicago, Illinois 

SYSTEM FOR INSULATING UNDERGROUND PIPES 



Typical straight run with pipes side by side. 


“Z’'crete tnsutattni concrete 


Precast blocks 


Corrugated cat 


Feinforcing me 


Waterproof tng. 


Concrete bas 



Straight run with pipes one above the other. 



Typical loop of"Z’*crete construction. 



Perspective of Complete System. 


DESCRIPTION OF “Z”crete SYSTEM 

The “Z”crete System is the modern, 
superior method of insulating underground 
pipes with “Z”crete Insulating Concrete. 
The operations involved are as follows: 

1. A structural concrete base or pad is placed 
in the bottom of a properly graded trench to 
support the pipes 

2. The base is waterproofed on top. 

3 Precast “Z”crete blocks are placed on the 
waterproofed base at intervals and the pipes are 
placed on them. 

4. When the pipes are placed, they are wrapped 
with paper to provide a cushion for pipe expansion. 

5 Reinforcing mesh is placed around the pipes, 
and forms are set to provide a minimum thickness 
of 6 inches of “Z”crete around and over the pipes. 

6. “Z”crete is poured monolithically around the 
pipes in a continuous mass between loops or man- 
holes 

7. When the *‘Z”crete has set, the forms are 
removed and the exposed sections of concrete are 
waterproofed. After this, back-filling may begin. 

DESCRIPTION OF “Z”crete 
INSULATING CONCRETE 

“Z”crete Insulating Concrete is formed 
by mixing “2”crete Aggregate with Port- 
land cement, “Z”crete Waterproofing 
Admix and water. 

“Z” Crete Aggregate is made by 
exploding an unusual mica ore which 
forms a featherweight, all-mineral, inert, 
rotproof, fireproof, granular material with 
high insulating properties. 

“Z”crete Waterproofing Admix is a 
specially prepared liquid waterproofing 
medium which is added to “Z”crete during 
mixing. 

ADVANTAGES OF “Z”crete SYSTEM 

1. It increases efficiency by^ creating a con- 
tinuous, unbroken covering of insulation around 
the pipes. 

2. It forms a solid covering of water-repellent 
insidation ehminatmg joints or hollow spaces 
which could fill with water should the water- 
proo^g leak. 

3. It provides a permanent type insulation not 
subject to disintegration upon wetting, which is 
fireproof, chemically inert and rotproof. 

4. It minimizes danger of damage to insulation 
or waterproofing due to handling. 

5. It simplifies the installing and insulating of 
underground pipe lines. 

ENGINEERING SERVICE AND 
SPECIFICATIONS 

For engineering service and specifications 
write to the Universal Zonolite Insulation 
Co., 135 S. LaSalle Street, Chicago, 
Illinois. 

1139 









Insulation 



ALFOL 


Alfol Insulation Company 

Incorporated 

155 East 44th St., New York, N. Y. 

Agents in Principal Cities 
HEAT INSULATION for ALL PURPOSES 


ALFOL PRE-FABRICATED INSULATION PANELS FOR 
TANKS, TOWERS, AND ALL TYPES OF HEATED EQUIPMENT 



Prefabricalfd 
PaneL 
At Right — 
Applied to Tower 



• Metal Jacketed Panels con- 
taining insulation best suited 
for each particular condition. 


• Removable and Replaceable 
by means of Lock- Joint con- 
struction. 

• Shop Fabricated with Cut- 
outs for manholes and pipe 
connections. 

• Easily and Rapidly Applied 
by any type of labor. 


• Trim Appearance with mini- 
mum of up-keep. 


FOR MORE DETAILED INFORMATION WRITE FOR ALFOL PANEL DATA BOOK 




ALFOL HOUSE INSULATION BLANKET 


Pure Aluminum Foil spaced on three-ply 
thick paper vapor barrier sheet. Single 
and Double Layers insure spaced sheet to 
reduce conduction and convection. Ap- 
plied between structural members or 
furring, Alfol Blankets give high insula- 
tion value at low cost. 


Specifications 


Description 

Widths 

Net Area 
per Roll 

Net Weight 
per RoU 

Type I.— 1 Layer ALFOL 
Type II.— 2Laycr ALFOL 

16^-24^ 

16^-20^-24'' 

250 sq.ft. 
250 sq. fL 

1 7 lbs. 

19 lbs. 


See technical data on Table 1, Section C, Pages 91-94, this volume. 
ALFOL RADIATOR REFLECTORS 

ALFOL REFLECTORS behind radiators reduce heat loss through walls, 
save fuel. Temperature gradient to outside reduced 50 per cent. 
THIRTEEN YEARS’ SERVICE PROVES LASTING VALUE OF ALFOL 
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Armstrong Cork Company 

Building Materials Division 

Lancaster, Pennsylvania 


AliBANT 

Atlanta 

Bamtmore 

Birmingham 

Boston 

Buffalo 

Charlotte 


Appleton, Wis 


Chicago 

Offices 

Minneapolis 

San Francisco 

Cincinnati 

Indianapoljb 

New Orleans 

Washington, D. C 

Cleveland 

Jacksonville 

New York 

Columbus 

Kansas City 

Philadelphia 

In Canada 

Dallas 

Los Angeles 

PiTTSBUEGH 

Montreal, Que. 

Detroit 

Louisville 

Richmond 

Toronto, Ont 
Winnipeg, Man. 

Hartford 

Memphis 

Rochester 

Houston 

Milwaukee 

St. Louis 


Distributors 

Manitowoc. Wis. 


'n AsbestcE and Cork Insulation Co. 

Northwestern Asbestos and Cork Insulation Co. 


Charleston, W. Va. , 

Denver, Colo Stearns-Roger Mand^turmg Com^irty 
Eau Claire, Wis. Horel-George Company 

EIl Faso, Te xas .... Neff-Stiles Company 

Fort Wayne, Ind. Asbestos & Asphalt Products Co. 

Glendale, N. Y . Charles M. Trojahn 

Grand Rapids, Mich. Tony Batenburg Insulation Co. 

J OPUN, Mo Joplin Cement Company 

Little Rock, Are... Fischer Cement & Roofing Company 


Portland, Oregon 
San Antonio, Tex. 
Seattle, Wash. .. 
South Bend, Ind. . 
Spokane, Wash. . . 
Springfield, Mass. 
Springfield, Mo. 

Tacoma, Wash 

Terre Haute, Ind 
Tulsa, Okla. ... 


- .^bestos Supply Compames 
. General Supply Company, Inc. 

.. . Asbestos Supp^ Compames 
. Asbestos & Asphdt I^oducts Co. 
. .. Asbest(» Supply Companies 
Johnson Asbestos Company 
Southwestern Insulation Company 
_ . . . Asbestos Supply Companies 
The Hartmann Company 
Kelley Asbestos Products Company 


For detailed technical information, samples, and descriptive literature, ask any office or distributor. 
Speafications appear in Sweet’s Catalogs for Architects and for Engineers and Contractors. 

PRODUCTS — ^Armstrong’s Gorkboard, Cork Covering, Mineral Wool Board, 
Foamglas, Vibracork, Corkoustic, Cushiontone, Temlok, Insulation Sundries. 


Gorkboard 

Available without priorities for all uses 

Insulating Efficiency 

The thermal conductivity of Armstrong’s 
Gorkboard is 0.27 Btu per hour, per de- 
gree temperature difference, per indi thick- 
ness at 60 F mean temperature. 

Armstrong’s Gorkboard conforms in all 
details to Federal Specification HH-G-561a, 
March 9, 1939 

Sizes and Thicknesses 

Armstrong’s Gorkboard is furnished in 
rigid boards 12 in. x 36 in., 18 in. x 36 in., 
and 24 in. X 36 in., in several thicknesses: 
1 in., 1 in., 2 in., 3 in., 4 in., and 6 in. 

Cork Covering 

Armstrong’s Gork Govering is made of 
pure cork in sizes to fit all standard pipe 
sizes. The inside surfaces of each piece are 
machined to assure an accurate fit, free 
from moisture-catching air pockets. Gork 
covering is rigid and will not sag. Thick* 
nesses are: Ice Water (1.20 in. to 1.93 in.); 
Brine (1.70 in. to 3.00 in.); and Special 
Thick Brine (2,63 in. to 4.00 in.). 

Armstrong’s Fitting Govers are rigid and 
are designed to fit accurately all types of 
standard ammonia and extra heavy fittings, 
screwed, flanged, and welded. 


Mineral Wool Board 

Armstrong’s Mineral Wool Board is a 
new permanent addition to the Armstrong 
line. It equals or exceeds Federal Speci- 
fication HH-M-371 for board or block form 
insulation; has low thermal conductivity; 
is moisture-resistant, odorless; is easily 
handled and erected; possesses structural 
strength. Standard size 12 in. x 36 in.; 
thicknesses 1 in., IJ^ in., 2 in., 3 in., 4 in. 

Foamglas 

Armstrong’s Foamglas has a closed 
cellular structure which will not permit 
passage of air or moisture. It is efficient, 
moistureproof, fireproof, and offers effec- 
tive, lasting insulation. This new type of 
insulation is made in standard 12 in. x 18 
in. blocks; thicknesses 2 in., 3 in., 434 in., 
6 in. It may be used to insulate refriger- 
ated storage rooms and equipment. 

Engineering Service 

For aid in the solution of any technical 
problems involving insulation, isolation, 
or acoustical treatment, and for literature 
and prices, get in touch with an Armstrong 
district office or distributor or the Arm- 
strong Gork Gompany, Building Materials 
Division, Lancaster, Pennsylvania. 
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Insulation • Ducts 


The Philip Carey Mfg. Company 

Manufacturers of Heat Insulation and Asbestos Products 


Lockland 


Atlanta. Ga. 
Baltimore, Md. 
Boston, Mass. 
Buffalo, N. Y. 
Charlotte, N. C. 
Chicago, III. 
Cincinnati, Ohio 


Sales 



Cincinnati, Ohio 


Cleveland, Ohio 
Columbus, Ohio 
Dallas, Tex. 
Dayton, Ohio 
Denver, Colo. 
Detroit, Mich. 


Indianapolis, Ind. 
Kansas City, Mo. 
Los Angeles, Cal. 
Louisville, Ky. 
Minneapolis, Minn. 
New York, N. Y. 


Philadelphia, Pa. 
Pittsburgh, Pa. 
Richmond, Va. 

St. Louis, Mo. 
Seattle, Wash. 
Wheeling, W. Va. 


V, AI R XONVEYINe SrSfEMS 


Before Pearl Harbor, Careyduct had won the widespread approval of the air con- 
ditioning industry because of its many advantages. Since then, the urgent needifor 
conservation of metals and labor has added tremendously to the demand for this pre- 
fabricated duct. 

Careyduct is available in the following five different types: 


INSULATED AND 
ACOUSTICAL TYPE 

Made of Asbestos — com- 
bines both duct and in- 
sulation. Simple slip- 
joint construction and 
standardized parts pro- 
vide easy and rapid fitting on job; “hushes** 
fan noises — reduces “speaking tube” 
effects. 




Careyduct 

Installation 


KEY-LOCK TYPE 

For high temperature applica- 
tions. Impervious to water, 
and effective for temperatures 
up to 500 F. This duct is 
supplementary to Careyduct 
— Insulation and Acoustical 
Type, It^ is made from Carey Firefoil 
panel and is delivered knocked-down, with 
asbestos key for locking corners. 



SINGLE- WALL TYPE 

For use in heating and 
ventilating systems. It is 
an all asbestos product and 
is the same as inner core of 
the Careyduct — Insulated 
and Acoustical Type. 



HINGED-CORNER TYPE 

Fabricated of H in. 
asbestos board and is 
for use in residential 
heating jobs. It is 
delivered in cartons 
ready for assembly. 



ASBESTOS-CEMENT TYPE 

Made of different thick- 
nesses of asbestos-cement 
wall board, in sizes from 
23^ in. up. It is sup- 
plied with special asbes- 
tos corners and is ship- 
ped knocked-down, com- 
plete with duct turns, 
sheet metal screws, connector pieces and 
Careyduct adhesive. 
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Insulation 


The Celotex Corporation 

General Offices 

120 South LaSalle Street, Chicago 


Celotex 


Celotex Cane Fibre Insulation prod- 
ucts are made by felting the long, tough 
fibres of bagasse into strong, rigid boards. 
They are manufactured under the Ferox 
Process (patented) which effectively pro- 
tects them from destruction by termites, 
fungus growth, and dry rot. They are 
integrally water-proofed which insures a 
non-hygroscopic insulation of low capillar- 
ity and enduring insulating efficiency. 

Celotex Vapor- Seal Sheathing 

An insulating, weather-resisting sheath- 
ing for use under any type of exterior. 
Surfaces and edges are moisture-proofed 
with a surface impregnation of asphalt. 

Sizes: 2 ^ in. thick: 4 ft wide; 8 ft, 
9 ft, 10 ft and 12 ft long. 

Center Matched — ^Available in the 
same thickness, in 2 ft x 8 ft T & G units 
for horizontal application. 

Celotex Insulating Lath 

Regular Insulating Lath — ^A cane 
fibre plaster base of high insulating effi- 
ciency. Surface provides a strong bond 
for plaster and the bevelled edges and ship- 
lap joint provide additional reinforcement. 

Size: 18 in. x 48 in.; thickness: in. 

Celotex Roof Insulation 

Regular Roof Insulation — ^A cane 
fibre product possessing superior insulating 
properties. It prevents condensation; re- 
duces roof heat transmission as shown by 
coefficients established in The Guide; 
reduces roof movement due to contraction 
and expansion. 

Size: 23 in. x 47 in.; thicknesses: in., 

1 in., 1 in. and 2 in. 

Vapor-seal Roof Insulation — Same 
as above except coated on all edges and 
surfaces with waterproof asphalt and made 
with an offset on all bottom edges to 
provide a network of channels which 
equalize air pressure to reduce roof 
blisters and buckling. 

Size: 23 in. x 47 in.; thicknesses: 1 in., 
IJ^ in. and 2 in. 

Cemesto 

A completely fabricated fire and mois- 
ture resistant insulating composite wall 


unit. Consists of a Celotex cane fibre 
core surfaced on both sides with a 3^ in. 
layer of asbestos-cement. The established 
low thermal conductivity of the Celotex 
core, 0.33 Btu is maintained in the manu- 
facture of Cemesto. 

Sizes: 4 ft x 4 ft, 4 ft x 6 ft, 4 ft x 8 ft, 
4 ft X 10 ft, 4 ft X 12 ft; thicknesses; 1 
in., in. and 2 in. 

Celo-Siding 

A weather-resistant, insulating, struc- 
tural siding. Replaces wood or other 
sheathing materials and provides the 
exterior finish as well. Made of a Celotex 
cane fibre core that has been asphalt 
coated on all sides and edges. The weather 
side is additionally coated with a high 
grade asphalt into which mineral granules 
are firmly embedded. 

Sizes: 2 ft x 8 ft, tongue and groove 
(long edges only); and 4 ft x 8 ft, 4 ft x 
10 ft square edge, thickness: % in. 

Celo-Block 

A cane fibre cold storage insulation. 
Made from in. low density Celotex 
Cane Fibre Boards laminated with water- 
proof asphalt mastic. The finished block 
is surfaced front and back with vapor 
proofing asphalt. Its efficient low thermal 
conductivity and protection against mois- 
ture makes Celo-Block the ideal answer 
for all low temperature requirements. 

Size: 18 in. x 36 in.; thickness: 2 in. 
and 3 in. 

Celotex Rock Wool Products 

Available in the following forms — Loose, 
Granulated, Plain Batts, Paper-backed 
Batts, and Blankets. Celotex Rock Wool 
is made from the clean fibres of molten 
rock. It is incombustible and integrally 
waterproofed. 

O-T Ductliner 

An acoustical material designed espe- 
cially for duct lining in air conditioning 
systems. Absorbs duct noises. Made of 
rock wool and a special binder. Desired 
to withstand air duct humidity conditions. 
Is fire resistant and will not smoulder or 
support combustion. Thermal conduct- 
ivity of 0.30. 
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Insulation 


The Eagle-Picher Lead Company 

General Offices: American Building, Cincinnati, Ohio 

Offices in Principal Cities 



PICHER 


A Remarkable Insulating 
Wool Made From Minerals 

Years ago Eagle-Picher pioneered 
a method of fusing and fiberizing 
carefully selected minerals into a 
dark gray insulating wool. This 
mineral wool is chemically inert. 

Fibers are mechanically strong, 
extremely resilient and flexible. 

They withstand expansion and con- 
traction without loss of efficiency 
even at elevated temperatures. 

From this mineral wool, Eagle-Picher 
has fabricated a long list of insulating 
products to meet a wide range of tempera- 
tures and operating requirements. 


side of which is an approved vapor barrier. 
Strong tacking flanges. Quickly cut with 
knife or shears. Three thicknesses — Ful- 
Thik, Semi-Thik and 1-in. For home use. 


Eagle H-2 Loose Wool 

A clean fill insulation that is highly 
efficient for temperatures to 1200 F. 
Averages considerably lighter in weight 
than niaiw rock and slag wools — goes 
farther. Fibers are soft and flexible. Ap- 
proved by Underwriters Laboratories as 
fireproof and a non-conductor of electricity. 
Retains physical and chemical stability in 
presence of water. Packed in 40-lb. bags. 

Eagle 7-B Granulated Wool 

Another grade of fill insulation that has 
all the advantageous properties of Eagle 
H-2 Loose Wool. It consists of small 
pellets averaging H to in, in size. 
For all fill jobs in irregular spaces. May 
be potired. Packed in 40-lb. bags. 

Eagle Low Temperature Felt 

A highly efficient insulating material for 
subzero and low temperatures (to 400 F). 
Available in densities 6-lb to 8-lb per cu ft. 
Recommended for refrigerator rooms, 
trucks, refrigerators, stoves, etc. Sheds 
water. Extensively used in marine field. 

Paper Encased Batts and Blankets 

These light-weight, sturdily constructed 
batts and blankets are easy to apply. 
Enclosed on four sides with paper, one 


Eagle Super “66” Cement 

A high-temperature plastic insulation. 
Easy to apply and trowels to a smooth 
finish. Actively inhibits rust. Will stick 
on any clean, heated surface. Dry cover- 
age 50-55 sq ft per 100 lbs. 100 per cent 
reclaimable up to 1200 F. Packed in 
50-lb bags. 

Eagle Super temp Blocks 

An all-purpose high-temperature block 
insulation which will withstand elevated 
temperatures up to 1700 F without loss of 
efficiency or structural strength. Fibers 
are water-repellent. Light weight. Easily 
cut to fit irregularly shaped surfaces. 
Blocks withstand all normal vibration and 
abrasion encountered in use for which they 
are recommended. Available in all 
standard sizes. 

Eagle Insulseal 

A protective coating for Industrial 
Insulation Blankets, Supertemp, “66” 
Cement and other kinds of heat insulation. 
Provides a permanent seal that safeguards 
insulation against air infiltration, moisture, 
water, fumes; also against vibration and 
abrasion. Does not support combustion. 

For more complete specifications and 
technical data on these and other Eagle 
Insulating Products, see Sweet's Engi- 
neering or Power Plant catalogs. 
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Insulation 


Insul-Wool Insulation Corp. 

General Offices, Wichita, Kansas 

Branches in Principal Cities 

Manufacturers and Distributors of Insul-Wool 


Insul-Wool is a fibre insulation of the 



“fiir* type — made of wood pulp, a natural 
insulating material. By the exclusive “Insul- 
Wool” method the wood pulp is converted into 
a loose fluffy substance which, when installed 
in a building, forms a soft heat-resisting 
blanket having millions of tiny air cells cap- 
able of resisting passage of either heat or cold. 

UNIFORMITY OF PRODUCT 

Only one ^ade of Insul-Wool is made and 
every “run” is tested at the factory to insure 
uniformity of product and unvarying high 
quality. It is free from grit, silicon particles, 
or “shot.” 

FIRE PROOF AND VERMIN PROOF 

A special *Tnsul-Wool” method of chemical 
treatment makes Insul-Wool thoroughly ver- 
min proof and fire proof. 

‘‘INSUL-WOOL” SERVICE 

Insul-Wool is distributed and installed only 
by specially trained men — direct factory re- 
presentatives or men in the organizations of 
the largest insulation material dealers through- 
out the United States. 


ADVANTAGES OF INSUL-WOOL 


1. It is made from wood pulp, a natural 
insulating material. 

2. Chemical treatment makes Insul-Wool 
safe under all conditions and hazards. 

3. Its light weight of 2.5 lb to the cubic 
foot adds very little load to the ceiling 
rafters. 

4. Does not pack or settle and outlasts the 
building in which it is installed. 


5. Does not draw moisture. 

6. Cuts fuel costs and reduces Summer 
temperatures, indoors. 

7. Meets U. S. Government requirements 
of Federal Construction with a thermal 
conductivity of 0.24 Btu per hour, per 
square foot, per degree Fahrenheit, per 
inch thickness. 


Analysis of Insul-Wool in Terms of Commercial Thickness 


Material 

Commeraal Form 

Comm’I. Thickness Inches 

D. Wt. Per Cu. Ft. 

C. Conductivity 

INSUL-WOOL 

Wood Fiber-Loose Type, Fire 

1 


0 24* 


proofed and Germ proofed. 

4 

13 

0.067** 


’"Kansas City Testing Laboratory, Inc., February 25, 1938. 
“•“"J. C. Peebles, Armour Institute of Technology, April 8, 1937. 


Complete data on Insul-Wool Insulating Product will be sent upon request. 
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Insulation 


INSULITE 

Division of 

MINNESOTA AND ONTARIO PAPER COMPANY 
General Offices 

500 Baker Arcade Bldg., Minneapolis, Minnesota 

THIRTY YEARS PROVEN DURABILITY 


For 30 years engineers and architects have specified Insulite materials for structural 
uses, interior finish, low temperature duct lining, and for other thermal insulation and 
sound control work. Insulite materials have proved themselves practical through their 
performance on the job. 

STRUCTURAL MATERIALS 


Lok- Joint Lath — ^An insulating plaster 
base, fabricated from Ins-Lite or from 
Graylite. Patented “Lok”^ firmly locks 
the sheets between supporting members. 
Thickness: in. Size: 18 x 48 in. 

Sealed Graylite Lok- Joint Lath — An 
insulating plaster base of Graylite, sealed 
on stud space side with an effective vapor 
barrier. Has patented 'Xok” on long edges. 
Furnished in same thickness and size as 
Ins-Lite and Graylite Lok- Joint Lath. 

Bildrite Sheathing is an asphalt-con- 
taining wood fiber insulating board manu- 
factured under an exclusive process which 
provides increased strength and moisture 
resistance. It is 25^2 in* thick and has a 
distinctive gray-brown color. Thermal 
conductivity: 0.36 Btu per inch thickness. 
Each sheet is marked to indicate proper nail 
spacing. Available in sizes 4 x 8 ft up to 
4 X 12 ft with all edges square. Also 
available in 2 x 8 ft size with interlocking 
joint on long edges. Used as a structural 
sheathing board and as roof boarding. 

Condensation Control — Where low 
outside temperatures and high inside 
humidities may occur, authorities recom- 
mend “sealing the warm side and venting 
the cold side” of the wall to prevent con- 
densation. An adequate vapor barrier. 
Sealed Graylite Lok-Joint Lath, should be 
used on the warm (room) side of the wall 
thereby effectively reducing vapor trans- 


mission into the stud space. Bildrite 
Sheathing is designed to allow any surplus 
vapor in the stud space to “breathe’* or 
be vented to the exterior air. If vapor is 
trapped within the stud space and cannot 
escape through the sheathing, destructive 
condensation may occur. 

THE INSULITE 

APPROVED WALL OF PROTECTION 

This construction consists of Bildnte Sheathing 
on the erterior of the frame work and S^led 
Graylite I-ok- Joint Lath on the intenor. Trans- 
mission coefficient (U) is shown below. 


Exterior 

Finish 

and 

Sheathing 

Interior Finish 

No Insulation 

Between Studding 

Plaster QA in.) on Sealed 
Graylite Lok-Joint Lath 
0/2 in) 

Wood Siding, in. 

Bildrite Sheathing 

0.15 


The above value is typical of results which can 
be obtained by utilizing Insuhte matenals in frame 
construction. For further (U) values refer to 
Chapter 4 pages 100 and 102. 



Applying Bildrite Sheathing 


1146 


Applying Loh- Joint Lath 





Insulite 


Insulation 


INTERIOR FINISH MATERIALS 


Ins-Lite Building Board — A wood 
fiber board with the light color of natural 
wood — burlap and linen textured surfaces. 
Thermal conductivity: Nominal 0.33 
Btu/hr/sq ft/ in./F; density: 16 Ib/cu ft. 
Furnished in thicknesses of and % 
inch and sizes of 4 x 7 ft to 4 x 12 ft. Also 
available in 6 x 8 ft, 6 x 12 ft and 8 x 12 ft 
sizes. 

Grayllte Building Board — An integ- 
rally treated asphalt containing wood fiber 
board of grayish brown color — burlap and 
linen textured surfaces. Thermal conduc- 
tivity nominal 0.35 Btu per inch thickness. 
Furnished in same thicknesses and sizes as 
Ins-Lite Building Board. 

Smoothcote Interior Board — Factory 
Coated Insulating Board with smooth, 
finished surface one side, having 68 per 
cent light reflection. Furnished in inch 
thickness only and in sizes of 4 x 7 ft to 
4 X 12 ft. 

Satincote Interior Board — Factory 
finished Insulating Board in colors buff, 
gray, coral and green. Light reflection 
from 64 per cent for green to 80 per cent 
for the buff color. Requires no further 
decoration. Highly resistant to abrasion 
and washable. In inch thickness and 
in sizes of 4 x 7 ft to 4 x 12 ft. 

TileBoard — Available in Smoothcote 
and Satincote. TileBoard is furnished 
with the Lok-Grip Joint that permits con- 
cealed nailing and which together with the 
Lok-Pin (a flat diamond shaped metal 
dowel) definitely and mechanically safe- 
guards against any falling units even 
though no face nailing is used. 

Smoothcote and Satincote TileBoard 
available in inch thickness and sizes of 
12 X 12 inches to 16 x 32 inches. 

Plank — Available in Smoothcote and 
Satincote. Plank has the Lok-Grip joint 
which permits concealed nailing and is 
beveled and beaded both long edges. 
Smoothcote and Satincote Plank furnished 



in inch thickness, widths of 8 to 16 
inches and lengths of 8 to 12 ft. 

Acoustilite — A high efficieni^ acousti- 
cal material for sound control. Coefficient 
of sound absorption, at 512 cycles, is 0.79 
when mounted on solid background and 
0.80 when on furring strips. Noise re- 
duction coefficient is 0.65 when mounted 
on ^lid background and 0.75 when on 
furring strips. Factory painted in buff, 
(light reflection 77 per cent) and in white 
(light reflection 80 per cent). Units have 
a butt joint and are beveled on four edges. 
Thickness, % in. ; sizes, 12x12 in. to 16x32 in. 

^ Fiberlite — ^An efficient sound absorp- 
tive and decorative material. Coefficient 
of sound absorption, at 512 cycles, is 0.53 
when mounted on a solid background and 
0.72 when on furring strips. Noise re- 
duction coefficient is 0.55 when mounted 
on solid background and 0.65 when on 
furring strips. Factory painted in buff 
(light reflection 77 per cent) and in white 
(light reflection 80 per cent). Units have 
a butt joint and are beveled on four edges. 
Thickness, H in. ; sizes, 12x12 in. to 16x32 in. 

HardBoard Products 

HardBoard materials are tough, durable, 
grainless, pressed wood fiber boards with a 
hard, smooth surface. Available in a range 
of densities from 55 to 68 Ib/cu ft. Thick- 
nesses are from Ko to ^6 in. and sizes of 
4 X 2 ft to 4 X 12 ft. 

Industrial Insulation 

Industrial Insulation is a wood fiber 
boEurd for use in all types of manufacturing 
industries producing items such as refriger- 
ators, coolers, showcases, brooders, parti- 
tions and cabinets. 

It can be cut-to-size and fabricated to 
customer’s specifications. Three types of 
industrial board are available. 

Lowdensite Industrial Board — A 10 
to 14 lb density board with an average 
tensile strength of 100 Ib/sq in. and an 
average conductivity of 0.30 Btu/hour 
/sq ft/F/inch thickness. 

Ins-Lite Industrial Board — h 14 to 
18 lb density board with an average tensile 
strength of 250 Ib/sq in. and an average 
conductivity of 0.33 Btu/hour/sq ft/F 
/inch thickness. 

Graylite Industrial Board — Differs 
from two above products in that it has an 
integral asphalt treatment which provides 
increased str^^h and moisture resistance 
as well as minimum thickness and linear 
expansion. A 16 to 20 ib density board 
with an average tensile strength of 350 
Ib/sq in. and an average conductivity of 
0.35 Btu/hour/sq ft/F/inch thickness. 
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Johns-Manville Home Insulation 

completely the space between studs, joists 
and rafters on the usual 16 in. centers. 
The sturdy felted “ wool ” is strong enough 
to be handled rapidly without damage. 
The batts are backed with waterproof, 
vapor-resistant paper, extending on both 
the long sides in 13 ^ in. wide flanges, by 
which the batt is fastened in place and 
which also aid in sealing the joints. This 
backing protects against penetration of 
moisture from wet plaster and also resists 
infiltration of moisture vapor from the 
house into the wall. 

As a further protection against moisture, 
the felted wool is also waterproofed. 

Super-Felt may also be obtained in 
blanket form, in Thick, Medium and 1 in. 
thicknesses. The blankets have a water- 
proof vapor barrier paper on one side and 
a permeable kraft paper on the opposite 
side, cemented together along the long 
edges to form a strong nailing flange. 

For Existing Homes and Buildings 
Type A “Blown” Rock Wool 

T^e A Rock Wool is blown pneu- 
matically into the spaces between studs in 
outer walls and between rafters or joists in 
roofs or attic floors. Insulation thickness 
in walls corresponds to stud depth, ap- 
proximately 3 ^ in.; the density, approxi- 
mately 5 to 8 lb per cu ft, assures maximum 
thermal efficiency. This type of insu- 
lation is installed only by Approved J-M 
Home Insulation Contractors, who are 
equipped with the necessary apparatus 
and trained crews. 

Write for Details 

Complete information on all types of 
J-M Rock Wool Home Insulation will be 
furnished on request. 

J-M Airacoustic Sheets for lining Air-Conditioning Ducts 

Air^ojistic Sheets, for duct linings ture- resistant, with a surface which will 
of air conditioning systems, are flame- not materially increase friction losses in 
proof, highly sound - absorbent and mois- the duct system. Write for Bulletin AC-23A. 


Johns-Manville Rock Wool Home In- 
sulation is a light, fluffy mineral wool, 
highly efficient in heat-proofing practically 
any building, old or new. It is durable, 
rot- proof, fire-proof and odorless, and will 
not corrode or settle. Full stud thickness 
of this material will cut fuel costs up to 
30 per cent in winter and help keep rooms 
up to 15 deg cooler in hottest weather. 
J-M Rock Wool Home Insulation is fur- 
nished in two forms: for new construction, 



Applying J-M Super-Felt Type B halts tn new home 


in easily handled batts; for existing build- 
ings, in nodulated form to be installed 
pneumatically. 

For New Construction 
J-M Super-Felt Type B Batts 

Super-Felt Type B Home Insulation is 
furnished in pre-fabricated batts of uni- 
form thickness and density, in both full 
stud thickness and semi-thick, in sizes 
15 X 23 in. and 15 x 48 in., designed to fill 
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Johns^Manville 


Insulation 


Johns-Manville Pipe and Boiler Insulation 



J-M 86% Magnesia Pipe InsulaUon 


J-M Pre-Shrunk Asbestocel 
Pipe Insulation 

J-M Pre-Shrunk Asbestocel is a radically 
improved insulating material for hot water 
or low pressure steam piping, which, since 
it is made of moisture-resistant asbestos 
paper, minimizes objectionable shrinkage. 

Supplied in canvas or asbestos paper 
finishes. All types furnished m 3-ft section 
in standard thicknesses of 2 to 8 plies, each 
ply approximately % in. thick, for all 
commercial pipe sizes.* 

J-M 85% Magnesia 

Recommended as the most widely used 
insulation of the molded type for tempera- 
tures up to 600 F. Pipe insulation is 
furnished in sectional or segmental form 
for all commercial pipe sizes,* in thick- 
nesses up to 3 in. Blocks are 3 in. by 
18 in. and 6 in. by 36 in., flat or curved, 
from 1 in. to 4 in. thick. Minimum thick- 
ness for curved blocks, 134 in. 

J-M Pre-Shrunk Wool Felt 
Pipe Insulation 

Due to its Dual-Service Liner — an 
asphalt-saturated felt — J-M Pre-Shrunk 
Wool Felt is equally effective and durable 
on either hot or cold water service piping. 
By the use of 'moisture-resistant felts, 
shrinkage troubles have been minimized. 

Supplied in the regular canvas finish, it 
is furnished in 3-ft sections in thicknesses 
of 34 in., % in., 1 in., Double 34 in., and 
Double % in., for all commercial pipe 
sizes,* 


J-M Asbesto- Sponge Felted 
Pipe Insulation 

Recommended on all high pressure 
steam piping at temperatures up to 700 F 
where insulation may be subjected to 
rough usage or where maximum efficiency 
and durability are desired. Furnished in 
3-ft sections up to 3 in. thick, for all com- 
mercial pipe sizes.* 

J-M Superex Combination 

Superex Combination Insulation (an 
inner layer of high temperature Superex 
and an outer layer of 85% Magnesia) is 
recommended where temperatures exceed 
600 F. Superex and Magnesia are both 
furnished in sectional and segmental pipe 
covering, and in block forms. 

J-M Asbestocel Sheets and Blocks 

Asbestocel Sheets and Blocks are used 
for insulating warm-air ducts, flues, heater 
casings and fan housings in the ventilating 
systems. Temperature limit 300 F. Fur- 
nished 18 and 36 in. wide by 36 in. long, 
from 34 in. to 4 in. thick. 

J-M Rock Cork Sheets and 
Pipe Insulation 

J-M Rock Cork is made of mineral wool 
and a moisture-proof binding ingredient 
molded into sheets for insulating refriger- 
ated rooms, air conditioning equipment 
and other low temperature requirements; 
and into sectional pipe insulation with an 
integral waterproof jacket, for all low tem- 
perature service. It is strong, durat)Je^ 
and will not support vermin. Because of ‘its 
unusual moisture resistance, its high insu- 
lating efficiency is maintained in service. 

Furnished in sheets 18 in. by 36 in., in 1, 
1J4, 2, 3 and 4 in. thicknesses; also 18 in. 
by 18 in. by 1 in. thick. In lagging form, 
for curved surfaces, supplied 18 in. long 
by 134» 2, 3 and 4 in. thick, 2 to 6 in. wide, 
depending on diameter. In pipe covering 
form, in ice water, brine and heavy brine 
thicknesses, for all commercial pipe sizes.’** 

Details on Request 

Write for complete information on any 
Johns-Manville insulating material. 


*Caii also be supplied in sections to fit straisht 
runs of copper pipe or tubing with outside diameter 
% in. and larger 
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Insulation 


KIMBERLY-CLARK CORPORATION 

ESTABLISHED 1872 (Building Insulation Division) NEENAH, WISCONSIN 


KIMSUL* is a trade-mark of 
Kimberly-Clark Corp. for its 
brand of laminated and as- 
phalted, compressed insulation. 



High in Thermal Efficiency . . . Easy to Install . . . Long -Lasting . . . 
Moisture Resistant • . . Clean . . . Light in Weight . . . and Low in Cost! 


BlIMSUL*, is a wood fibre product, made 
in long, flexible blankets composed of many 
creped layers or plies’, providing a maxi- 
mum number of dead air cells for efficient 
insulation. ^ Being^ flexible and extremely 
light in weight, it is easy to install. Each 


blanket is stitched with rows of strong 
twine running the length of the blanket. 
This unique feature holds the installed 
KIMSUL blanket securely in place — pre- 
vents sagging or "packing down” inside 
the walls. 



KIMSUL comes com- 
pressed, packaged as at 
left ... ts expanded on 
job to about 5H times 
packaged length (right), 
saving on handling time, 
storage space and trans- 
portation cost 




Strong stitching keeps kim- 
SUL at its proper density, 
prevents it from sagging, 
sifting and settling. Once in 
place, KIMSUL stays “put” 


KIMSUL Insulation is easy to 
cut to exact size, fits out-of- 
the-ordinary spaces as 
neatly and as easily as it 
fits standard spacings. 



Sloping roofs present diffi- 
cult insulation problems, but 
even in spots like this, 
one man can usually install 
KIMSUL quickly and easily. 
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Kimherly^Clar\ Corporation 


Insulation 


Manufactured by the Kimberly- 
Clark Corporation, makers of wood 
fiber products since 1872, kbisul* 
Insulation is one of the most efficient 
insulating materials ever developed. 

Thermal Insulation: For walls, 
floors, ceilings and roofs, ‘‘k” Factor is 
.27 Btu/hr/sq ft/degrees F/inch — J. C. 
Peebles. 

Acoustical Insulation: For walls 
and ceilings. Average coefficients of 
absorption: Commercial thickness — 
.41, Standard thickness — .59. Double- 
thick — .67. 

Sound-Deadening Insulation: 
For partitions and floors. 

Physical Characteristics: kimsul 
Insulation is a laminated and asphalted 
wood fiber flexible blanket insulation 
. . . resistant to water . . . extremely 
light in weight (1.5 lbs per cu ft) . . . 
faced with a tough waterproof cover. 

Available in 3 Thicknesses: Com- 
mercial Thick (nominally one-half inch) 
. . . Standard Thick (nominally one 
inch) . . . Double Thick (nominally two 
inches) . . . Furnished in correct widths 
for standard stud spacings. 



Graph shows how effectively 
KIMSUL redtices heat flow through 
typical frame structures. Note that 
greatest proportion, of heat losses 
are stopped by the first inch of 
KIMSUL, 


Vapor Seal ; Separate sealing recom- 
mended wherever vapor seal is required. *Reg. U. S. & Can. Pat. Off. 



Pipes and conduits don't in- 
terfere with the insulating 
efficiency of kimsul. It works 
around comers, tuckssnugly 
into “tight” places. 



Used for caulking around 
window frames and door- 
ways, odd pieces of kimsul 
add to ^ectiveness of insu- 
lation job, eliminate waste. 


|b " { wil 



Whena Vapor Seal is needed 
to guard against condensa- 
tion within walls, it should 
be installed as shown, sepa- 
rate from the insulation. 
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Insulation 


Lockport Cotton Batting Co. 

Lockport, New York 
LO-K COTTON INSULATION 

Fireproofed and Manufactured under 
Department of Agriculture Specifications 


A Proven Insulation 

Through a long list of successful per- 
formances on Defense Housing and Pre- 
fabrication Contracts, Lo-K presents an 
established reputation for effective in- 
sulation. It is manufactured by one of the 
nation’s leading processors of cotton for 
75 years and Fireproofed by Lockport’s 
distinctive process perfected by a dozen 
years of actual experience. 

Cotton has been king in the field of 
warmth and protection for a century. For 
clothing and bedding, cotton has set a 
standard. Lo-K insulation brings the 
aame insurance of warmth to home con- 
struction — it covers the house like an old 
fashioned comfort. Its features and eco- 
nomies apply equally to industrial insula- 
tion problems. 

Practical 

Lo-K has exactly what the name implies 
— low thermal conductivity. The k value 
of cotton insulation, as described in the 
Insulation section of this Guide is 0.24 Btu 
per hour, per square foot, per 1 de^ee F. 
per inch of thickness. Compare this with 
the k value of other insulation materials 
in the table. 


INSULATING VALUE OF VARIOUS INSULATORSf 


The coefficients of conductivity value) are ex- 
pressed m Btu per hour per square foot per degree 
Fahrenheit per 1 inch of thickness. 


Type of Insulation 

Wgt.per 
Cu. Ft. 

k* 

Value 

Cotton* Insulating Batt 

Rock Wool: Fibrous material made 

.875 

0.24 

from rock . _ . , 

Mineral Wool Fibrous material made 

10.00 

0.27 

from mineral slag 

Glass Wool: Fibrous material made 


027 

from glass slag . . 

Rigid Insulation made from sugar cane 
fibre 

1.50 

027 

13.50 

033 

Chemically treated wood fibre between 
layers of paper 

3.62 

0 25 

Eel grass between layers of paper . 
Stitched and cr^ed expanding fibrous 

3.40 

0.25 

blanket . . 

1.50 

0.27 

Shavings Various from planer . . 

8.80 

0.41 

Corkboard. No binder added . . . 

7.00 

0.27 

Rigid insulation made from wood fibre 
Rigid fibre board made from shredded 

15.90 

0 33 

wool and cement . .. . 

24.20 

0.46 


tCompiled from Table 2 in Chapter 4. 


indicates temperature conductivity ' 



Its fireproofing process complies in full 
with all Specifications of the Department 
of Agriculture governing cotton insulation. 
The effectiveness of this process can be 
seen in the fact that cotton so treated has 
shown under test that it withstands a 
blow torch flame of 1500 F. 

In addition, this process provides a basic 
resistance^ to all natural air moisture 
deterioration. Resistance to mildew and 
rot are established through special manu- 
facturing process. Lo-K can be used with 
full confidence in its long lasting quality. 

Economical 

Lo-K’s economy comes partly from its 
reasonable first cost. But, even more 
important savings come from the ease and 
speed with which it is installed. Labor 
costs of application are reduced sharply. 

Extremely light and easy to handle, it 
adheres readily to wall surfaces and stud- 
ding. It shows no tendency to sag and by 
staying snugly in place offers permanent 
protection. 

Lo-K is perfectly safe to handle as it 
contains no ingredients that scratch or 
cause skin irritations. 

It Will Fill Your Need 

In the face of outstanding economy and 
efficient performance, Lo-K cotton insula- 
tion becomes the unmistakable choice for 
homes and apartments, office and in- 
dustrial buildings, and commercial applica- 
tions. 

Lockport is establishing dealers in 
all the principal distributing centers. 
If your dealer doesn’t happen to have 
Lo-K in stock, we invite your inquiry 
for prices and samples. 
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Mundet Cork Corporation 

65 S. Eleventh St. insxjlation division Brooklyn 11 , N. Y. 

Manufacturers of Gorkboard, Cork Pipe Covering, Compressed Machinery Isolation Cork, 
Natural Cork Isolation Mats, and all kinds and varieties of Cork Specialties. 


Authorized contractors for high temperature insulation. 


Mundet Branches 

Albany, N. Y. Chicago, III. Houston, Texas Philadelphia, Pa. 

Atlanta, Ga. Cincinnati, Ohio Kansas City, Mo. St. Louis, Mo. 

Brooklyn, N. Y. Dallas, Texas Los Angeles, Calif San Francisco, Calif. 

Boston (No. Cambridge), Mass. Detroit. Mich. New Orleans. La. Syracuse, N. Y. 


Mundet Distributors are Located in the Following Cities — Names and Addresses on Request 


Amana, Iowa 
Baltimore, Md. 
Buffalo, N. Y. 
Charlotte, N. C. 
Cleveland, Ohio 
Denver, Colo. 


Hartford, Conn. 
Johnson City, Tenn 
Memphis, Tenn 
Minneapolis, Minn. 
Nashville, Tenn. 
Norfolk, Va. 


Oklahoma City, Okla 
Portland, Oregon 
Providence, R I. 
Richmond, Va. 
Rochester, N. Y. 

Salt Lake City, Utah 


Seattle, Wash. 
Tucson, Ariz. 
Tulsa, Okla. 
Utica. N. Y. 
Youngstown, Ohio 


Mundet “Jointite” Gorkboard 
— for all low temperature insulation and 
for acoustical correction. 100 per cent pure 
cork, fabricated in accordance with U. S. 
Government Master Specifications and 
unsurpassed in its field. Sold in standard 
12 in. X 36 in. sheet. Standard thicknesses, 
3^ in., 1 in., in., 2 in., 3 in., 4 in., 6 in. 

Mundet ‘‘Jointite” Cork Pipe Covering 
Shown below, with fitting cover. Pro- 
tects all types of low temperature lines. 
Made in 3 thicknesses, with complete line 
of standard covers, suitable for pipes 
carrying sub-zero to 60 F temperature. 



Section of Mundet Moulded Cork Pipe Covering, with 
Fitting The Pipe covering is made in sections S6 in 
long, to fit all sizes of pipes. 


Mundet Cork Vibration Isolation 
Machinery vibration encountered in 
heating and ventilating work is effectively 
controlled by the use of Mundet Natural 
Cork Isolation Mats. These consist of 
blocks of pure cork, held together within a 
rigid steel frame or bound with asphalt 


paper applied with hot asphalt top and 
bottom. Mundet steel bound mats are 
usually used under exposed mounts; as- 
phalt paper bound mats under concrete 
foundations of the envelope type. Mats 
are made to fit under any type of machine 
foundation. For loads exceeding 2000 lb 
per square foot, we manufacture Mundet 
Machinery Isolation Cork, which is a 
board form of compressed granulated cork, 
available in 3 densities. All types of 
isolation are furnished in 1 in., in., 
2 in., 3 in., 4 in., and 6 in. thicknesses, 
depending on class of service. 



Above close-up of Mundet Natural Cork Isolation 
Mat shows how the blocks of cork are held together 
within a steel frame. 


Engineering and Specification Service 
Our engineering department is at the 
service of Architects and Engineers, to 
assist and advise in the preparation of 
specifications pertaining to cork. This 
service is also available without obligation 
to any one who has a low temperature 
insulation or a vibration isolation problem. 
Our complete catalogue will be sent on 
request. It is replete with information 
and data of value to every specification 
writer whose field touches our products. 

Mundet Contract Service 
Covers the complete installation of our 
products, in accordance with best estab- 
lished practice. Divided responsibility is 
avoided. Materials and workmanship are 
guaranteed. 
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The Pacific Lumber Compauy 

PALCO WOOL INSULATION 

100 Bush Street 35 E. Wacker Drive 6225 Wilshire Blvd. 122 East 42nd St. 

San Francisco Chicago Los Angeles New Yore 


HOUSE 

INSULATION 

INSTALLED IN 
CEILINGS AND WALLS 



TRADE MARK RE6 U S PAT. OFFICE 


COLD 

STORAGE 

INSULATION 




PALCO WOOL INSULATION 


Provides maximum pro~ 
iectton against the in- 
trusion of heat or cold. 
Readily installed in 
upper ceilings of uninsu- 
lated homes. 


Can he installed by blower 
or handpack methods. 


FLAMR PROOF 
SAFERIZED 


• Dairies and 
Creameries. 

• Frozen Food 
Plants. 

• Warehouses. 

• Refrigerators. 

• Pre-cooling 
Plants. 

• Ice Plants. 

• Fur Vaults. 

• Fruit and Pro- 
duce Storage, etc. 


EIGHT POINTS OF PALCO WOOL SUPERIORITY 


1. Thermal Efficiency: The estab- 
lished conductivity of PALCO WOOL is 
.26 Btu per hour per sq ft per inch of 
thickness per degree F difference in tem- 
perature by the Flat Plate Method. 

2. Non-Settling: The fibres of PALCO 
WOOL possess such resilience that no set- 
tlement in a wall can occur under the most 
severe conditions of vibration. 

3. Moisture Resistant: The fibres of 
PALCO WOOL are entirely lacking in 
capillarity and have little attraction for 
moisture^ enabling it to remain dry and 
efficient when in use. 

4. Permanent: The inherent anti- 
septic qualities of PALCO WOOL make 
the existence of fungus impossible. The 
fibres retain their resilience indefinitely. 

5. Vermin Repellent: PALCO WOOL 
is distasteful and repellent to rodents and 
insects. 


6. Fire Resistant: PALCO WOOL, 
like the Redwood bark it comes from, is in- 
herently fire resistant. As an additional 
protection it is Saferized to make it flame- 
proof. 

7. Odor Proof: PALCO WOOL is 
odorless itself and does not absorb or give 
off odors. 

8. Economical: PALCO WOOL is 
light in weight and low in density, offering 
exceptional thermal efficiency per dollar 
invested. 

WRITE FOR INSULATION MANUALS 

• House Insulation Manual. 

• Cold Storage Manual. 

• Frozen Food Locker Plant Manual. 

• How to Build a Plant Manual. 

Get your copies today. 
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New York 


Reynolds Metals Company 

Reynolds Metals Building 

Richmond, Virginia 

Chicago Louisville San pRANasco 



CELLULAR FIBRE INSULATION 



Flexible {Blanket-Type) Insulatton for Houses, 
Commercial Buildings, Industrial Structures and 
Special Insulation Purposes 


Reyn-O-Cell stops up to 73 per cent 
heat flow and permits complete air circu- 
lation around framing. Thermal con- 
ductivity is .24 Btu per hour, per square 
foot, per 1 F, per inch thinkness. (Au- 
thority — Prof. J. C. Peebles, Armour Insti- 
tute of Technology). 

Reyn-O-Cell is one of the most efficient 
barriers to the passage of heat that is 
commercially available today. It consists 
of heat retarding dead air cells. There 
are myriads of minute and hollow cellulose 
fibres, entwined and interlocked into a 
flexible, clean, resilient and light-weight 
mass. 

AIR CIRCULATES FREELY 

Reyn-O-Cell permits free circulation 
of air on both sides of the insulation, thus 
allowing rapid evaporation of any moisture 
which may occur. Possible damp-rot, 
decay or other damage ^ to structural 
materials is thereby minimized. 

RODENT AND VERMIN PROOF 

Reyn-O-Cell blanket type insulation 
insures utmost cleanliness, not only during 
installation, but during the lifetime of the 
structure. It is not subject to attack by 
rodents, and does not harbor vermin or 
other insects. It is odorless, and will 
not decay. 


WATER-REPELLENT 
AND FLAME PROOF 
Reyn-O-Cell will not absorb water or 
moisture. It has successfully withstood 
flame tests up to 1500 F. 

REYN-O-CELL is one of the most effec- 
tive sound absorption materials. 

APPROVED AND ACCEPTED 
Reyn-O-Cell is manufactured under 
constant United States Government in- 
spection and in strict accordance with 
Department of Agriculture specifications. 
It is approved for home and industrial 
insulating purposes by Federal, State and 
Municipal bureaus, builders, architects, 
and heating engineers throughout the 
United States. 

Rej^- 0-Cell is ideally suited for equip- 
ment insulation. ^ It can be furnished cut 
to size and in special widths up to 60 inches. 

COSTS LITTLE TO INSTALL 
Furnished in convenient blankets, or 
rolls, Reyn-O-Cell is adaptable to all 
constructions without expensive cutting 
or waste. REYN-O-CELL does not settle, 
sag or pack. For existing homes, as well 
as for walls, ceilings or roofs of new struc- 
tures it provides maximum insulating 
efficiency. Labor costs for installation are 
exceptionally low. 



REYN-O-CELL Is Easily Installed 


Send for literature describing Reyn-O- 
Cell; and its many advantages in existing 
houses as well as new construction. 
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The Ruberoid Co. 

INSULATING PRODUCTS 

500 Fifth Avenue, New York 18, N. Y. 


Divisional Offices 

Boston (Millis) Erie Baltimore Minneapolis Mobile 


Today, Ruberoid materials for heating and 
power equipment are safe-guarding in- 
sulation efficiency in hundreds of plants, 
factories and buildings — giving maximum 
results with minimum cost. 

Ruberoid products are of proved merit, 
high efficiency and of a type to meet every 
need economically. They include pipe 
coverings and blocks for temperatures 


from 350 F to 1900 F ; Woolfelt pipe cover- 
ing for hot or cold water conduits; asbestos 
papers for wrapping furnace pipes, pro- 
tecting air conditioning; high temperature 
cements, millboard, rollboard, rock wool 
bats and blankets. 

A complete Insulation Guide, will be 
gladly forwarded upon request. 



Above products are also made in sheets and blocks for insulating tanks, breechings, furnaces, etc 

Characteristics and Insulating Values of Ruberoid Products 
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The Ruberoid Co. 


Insulation 


Ruberoid 

Galsilite is a molded insulation that 
provides the physical characteristics re- 
quired by engineers designing modern high 
pressure steam equipment It is a com- 
bination of raw materials, ingeniously con- 
trolled, to form a chemically inert product. 
It is not only unique in its extremely light 
weight for such material, but it will stand 
soaking heat of 1250 degrees Fahrenheit 
indefinitely without changing its value to 
any appreciable degree. This permits its 
use on pipe lines and equipment operating 
at high temperature without the usual pro- 
tective inner layer of less efficient insula- 
tion. The use of single layer insulation 
also speeds up its application. 


Galsilite 

Calsilite is highly efficient in heat 
saving; it has a high modulus of rupture; 
it resists abrasion excellently. There is 
little breakage of Calsilite in shipment or 
when handled on the job. It has low 
moisture absorption when subject to high 
humidity atmospheres. 

Calsilite is furnished in both pipe 
covering and block form. Pipe Covering 
is made in sections 36 in. long, canvas 
covered and in such thicknesses that com- 
binations of layers can provide whatever 
thickness may be required to cope with 
the conditions. Blocks are made in 
standard sizes of 6 in. x 36 in. in thickness 
up to 4 in. All are packed in cartons suit- 
able for easily handling on the job. 



Imperial Pipe Covering 

This is a laminated asbestos paper insulation 
that has been indented to use 22 laminations 
of asbestos paper per inch thickness. Its 
efficiency makes it satisfactory for most 
medium pressure steam work in industrial 
plants. Its construction makes it ideal for 
vibrating conditions. It is recommended for 
temperatures to 600 F. Being an asbestos 
felt laminated material it is used on vibrating 
pipes or where hard service is expected. Will 
withstand water conditions for underground 
piping. Excellent as an industrial, oil refinery 
and synthetic rubber plant insulation. 


Ruberoid Insulating Cements 


For the finishing of sheet and block insu- 
lation and the insulating of irregular 
surfaces, such as valves, unions, flanges, 
etc., the Ruberoid line of insulating 
cements is complete. This group of 
cements not only uses as its base asbestos, 
but also takes advantage of such excellent 
natural products as magnesia, mineral 
wool and Vermiculite 


Asbestos Cements — Factory Prepared 
— Grades AA, A, HF. 

Asbestos Cements — Mine Run — 
Grades 115, 214. 

Magnesia Cement — 85 per cent Mag- 
nesia. 

High Temperature Cement — Grade 
H.T. 

Mineral Wool Cement — High Tem- 
perature. 

Vermiculite Cement — Grade A-11. 


Ruberoid Asbestos Insulating Papers and Millboard 


Asbestos Paper 
Made of pure asbestos, 
fire - resisting. May 
be obtained in 6, 8, 10, 
12, 14, 16 and 32 lb 
weights. 


Asbestos 

Corrugated Paper 

Efficient for insulating 
warm air pipes and ducts. 
36 in. wide. Rolls con- 
tain 250 sq ft. 


Asbestos Millboard 
A rigid board of exceptional 
strength and whiteness. Cuts 
and drills easily. For tem- 
peratures to 1000 F. Sheets 
42 X 48 in. 
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United States Gypsum Company 

General Offices: 300 W. Adams Street, Chicago, IlL 

INSULATION PRODUCTS 

Blanket Decorative Structural 


Blanket 



Red Toj) Jnszdattng Blanket 


RED TOP INSULATING BLANKETS 
— Made in three thicknesses: one inch, 
medium and thick, in rolls of 125, 75 and 
50 square feet (net area), respectively. 
Also available in bats 3 feet long in same 
thicknesses. Light-weight *RED TOP 
INSULATI NG WOOL blanket is wrapped 
in an efficient asphalt-type vapor barrier 
to face the warm side and a tough, per- 
forated, vapor permeable paper to face the 
cold side. This is to prevent possible 
accumulation of moisture within blanket. 

♦Red Top Insulating Wool is a Fiberglas product 
Patent No, 345156. 

Decorative 



Decorattve 

WEATHERWOOD* PLANK— Manu- 
factured in widths of 8 , 10 , 12 and 16 
inches and in lengths 6 , 8 , 10 and 12 feet — 
inch thick. The “Ogee” tongue and 
groove on the long edges (see cut) conceals 
nails and seals against dust and air in- 
ffitration. Weatherwood Plank is made 
in Blendtex (gray and tan blends) and 
Hilite (light cream) colors. When com- 
bined in variations of shades and width, 
Weatherwood Plank produces maximum 
values in both insulation and decoration. 

♦Registered Trademark 



Ogee Edge 


WEATHERWOOD TILE— Available 
in 12 X 12, 12 x 24, 16 x 16 and 16 x 32 
inches in and 1 inch thicknesses. Colors 
are Blendtex (gray and tan blends) and 
Hilite. 

WEATHERWOOD PANELTILE— 
Hilite color available in 12 x 24, 16 x 32, 
12 X 48, 24 x 48, 48 x 48, 48 x 96 and 
24 X 96 inches in % inch thickness. Blend- 
tex colors available in 12 x 24, 16 x 32, 
12 X 48 and 24 x 48 inches. Tile sizes 
12 x 24, 16 X 32 and 24 x 48 inches can be 
mill cross scored to represent inqh 
Tile dimensions. Dimensions (see above). 
All tile have “Ogee” tongue and groove 
edges. 

Structural 



WEATHERWOOD SHEATHING— 
Asphalt coated. 2 feet x 8 feet x 25 ^ 
inches thick, with tongue and grooved long 
edges for horizontal application. Also 
available in 4 x 8 , 4 x 9, 4 x 10 and 4 x 12 
feet in either H inch or 2 ^ inches thick- 
ness with square edges for vertical ap- 
plication. 

WEATHERWOOD BUILDING 
BOARD — 4 feet wide, made in lengths 
6 , 7, 8 , 9, 10 and 12 feet, % and 1 inch 
thick in either ivory or gray tan colors. 
Applied by nailing; effectively insulates, 
strengthens and decorates. 

WEATHERWOOD INSULATING 
LATH — 18 X 48 inches x thick with 
V joint on long edges. Gives an excellent 
plaster bond and also acts as a cushion for 
plaster with sound deadening qualities. 

ROOF INSULATION— In sheets 
22 X 47 inches — 1 , IJ^ and 2 inches 
thick. All but the inch size are sup- 
plied laminated with either square or 
“ship-lapped** edges. 

Heat Loss Factors 

The heat loss factors shown on the 
opposite page indicate the comparative in- 
sulation value of various insulating treat- 
ments included in common construction 
systems. 
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United States Gypsum Company 


Insulation 


NOTE. These fibres apply to 1 story buildings. To get figures for 2 story homes add 20 per cent to the 
yaiu^ D^ow tor the waU constructions and divide by one-half for floor and ceiling constructions It is 
important to use correct factor due to variations in the ratio of wall and wmdow areas 



WALLS 

Baric Construction — ^Frame 
Wood Siding 
Wood Sheathing 
2 X 4's 

Rocklath & Plaster 


Basic Construction 

b. i//WW Plaster Btse 

c. 3/5^ WW Plaster Base 

d. r WW Plaster Base 

e. *56^ WW Sheathing and 
y/WW Plaster Base 

f. WWBldg Bd.. Tile or 

t %-'Bld&B<LprT 
Gyplap Sheathing 
L V*»* SheetarorW 


t %-'Bld&B<LprTae 

Gvplap Sheathing 


u yj* Sheetrock 
j. Gyplap Sheathing and 
Vl'^Sheetrock 


No Wool 

Adding Red 

Between 

Top Wool 

Studs 

1* 2* 3* 

248 

.120 .033 . 064 

.186 

.105 . 076 . 059 

.183 

.103 .076 .059 

157 

.094 . 069 . 055 

.143 

.088 .067 .054 

.147 

.090 . 068 . 054 

.187 

.104 . 077 .059 

.160 

.095 . 070 .056 

.310 

.135 . 090 .068 

260 

.123 . 085 . 064 

.330 

.136 . 091 .069 



WALLS 

Basic Construction — Brick Veneer 
4" Brick 
Wood Sheathing 
2x4's 

Rocklath & Plaster 


Basic Construction 
SubstitutingmAboveBasicConsL 

a. *56^ WW Sheathing 

b. y/WW Plaster Base 

c. WW Plaster Base 

d. r WW Plaster Base 

e. WW Sheathing and 
W' WW Plaster Base 

f. ^^WW Bldg. Bd.. Tile or 

g. W WW Bldg. Bd. or Tae 

h. Gyplap Sheathing 
L t/i^Sheetrock 

j. Gsplap Sheathing and 
Sheetrock 


No Wool 
Between 

Ad< 

T< 

ling Red 

P Wool 

Studs 

1* 

2" 3* 

.270 

.125 

.085 .065 

.202 

.111 

.078 .061 

.200 

.107 

.077 . 060 

.178 

.102 

.073 . 058 

.157 

.094 

.070 . 055 

.162 

.095 

.070 .055 

.215 

.112 

.079 .061 

.187 

.104 

.075 .059 

.350 

.128 

.087 . 066 

.288 

.130 

.088 .066 

.368 

.142 

.093 . 069 



WALLS 
Basic Construction 
8^ Brick WaU-4" Face Brick 
Mid A" Common Brick— No 
interior 6nish 

No Wool Adding Red 
Betwew Top Wool** 
Studs* "i/r I tff I o#" 


Basic Construction 
Adding to Above Basic Const. 

a, 1/2* Plaster 

b. Roc klath and Plaster (Furred) 

c, WW Plaster Base and PI 
(Furr^ 

d. W W Plaster Base and PL 


e. r WW Plaster Base and PI. 
(Furred) 

f. Bldg. Bd.. Tile or 

g. ^j-^Bldg. Bd.. Tile or 

h. rWWBd., Plank or rJe 


.480 

,300 .143 . 093 . 069 

.220 .121.084 . 0641 

.190 .112 . 079 . 061 

.160 .101 .073.058 

.230 .124 . 085 . 065 

.200 .115 . 081.062 

.170 .104 . 075 , 059 


WALLS 

Basic Construction — Plywood 
Pl)rwood on Wood Studs 

Outside— 14* Inside with 
one Air Space Over VC 

No Wool Adding Red 
Between Top Wool 
Studs |if \ *%if \ 


L Sheetrodc Furred I .320 1,14^.095|.070 

*Based on S/g*' Fiunng Strip **Ba8ed on Full Dimension 


Basic Construction 
Substituting in AboveBasic Const. 

a. ^/jmBldg.Bd..Tileor 

b. 3^-^WWBldg.Bd.orTiIe 

c. 1*WW Bldg. Bd. or Tile 

d. 3/8* Sheetrock 

e. Sheetrock 

f. Adding to basic construction 
%*W Sheathing 


.151 .095 .074 


.275 .126 . 087 .065] 
.230 .115 . 081.062 


.430 .151 .095 .074 
.413 .148 . 095 .074 


CEILINGS 
Basic Construction 
Vg* Rocl^th and Va* 
Plaster 


Basic Construction 
SubstitutinginAboveBaricConst, 


c. rWW Plaster Base & Plaster 

d. W WW Bldg. Bd..Tile or 
Plank. No Plaster 

a. 3/i* WWBldg.Bd.orTae 
f. y 2 *WWBldg.Bd.orTUe 
Sheetrock 
Sheetrock 


No Wool 

Adding Red 

Between 

Top Wool 

Joists 

1 * r 

3* 

.610 

.169 .116 

.080 

.329 

.136 .091 

.068 

.290 

.128 . 087 

.066 

.213 

.110.079 

.061 

.356 

.139 .092 

.067 

.268 

.124 . 086 

.065 

.220 

.113 .080 

.062 

.670 

.174 .118 

.089 

.635 

.170 .115 

.079 



Basic Construction 
Adding to Above Basie Const. 

a. y 2 * WW Bd. on bottom of 
joists 

b. WW Bd. on bottom of 
joists 

c. 1* WW Bd. on bottom of 
I joists 


Above cakulations based on data from A.S.H.V.£« Gitide — ^1942. 
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FLOORS 

Basic Construction^ 
Maple or Oak Flooring 
on Yellow Pine Sub- 
Flooring 


No Wool 
Between 

Addmg Red 
Top Wool 

Joists 

V 

2* 

3* 

.340 

.138 

.091 

.068 

.180 

.102 

.075 

.059 

.158 

.094 

.070 

.055 

.141 

.088 

.066 

.053 




Insulation 


Wood Conversion Company 

First National Bank Building, St. Paul, Minn. 

New York Chicago Tacoma 



Dallas 


balsam-wool and nu-wood insulations 


BALSAM-WOOL 
Sealed Insulation 
Acoustical Blanket 
Sound Deadening 
Industrial Insulation 
Refrigerator Insulation 


NU-WOOD 
Kolor-Fast Tile 
Kolor-Fast Plank 
Kolor-Fast Board 
Kolor-Fast Wainscot 
Kolor-Fast Sheathing 


NU-WOOD 

Lath 

Roof Insulation 
Industrial Insulation 
Refrigerator Insulation 
KOLOR-TRIM Pre-decorated Moldings 


BALSAM -WOOL — ^The Double Value Sealed Insulation 


The basic rightness of Balsam-Wool 
insulation principles has been recognized 
for 21 years. Today, the new DOUBLE- 
VALUE BALSAM-WOOL offers greater 
moisture protection, increased efficiency, 
and increased thickness. In addition it 
provides such outstanding Double Ad- 
vantages as Double Sealing, Double 
Moisture Barriers, Double Wind Barriers, 
Double Air Spaces, Double Bonding, 
Double Fastening. 

Balsam- Wool is an insulating mat of 
fleecy wood fibers, enclosed between a 
protective covering of double layers of 
asphalted craft, chemically treated to 
resist fire, rot, termites and vermin — 
92 per cent of the mat volume is dead air. 

Balsam- Wool SEALED Insulation is 
fabricated at the factory to a controlled 
density of 2.2 lb per cubic foot. The mat 
has a coefficient of 0.246 Btu per hour, per 
square foot, per 1 degree F difference in 
temperature, per 1 in. thickness. 

As applied, factory efficiency is assured. 
The Spacer Flange on each edge folds over 
and is fastened to framing members with 
a staple hammer, assuring important air 
space front and back. 

Double-Value Balsam- Wool is available 
in two new increased thicknesses — 
STANDARD and DOUBLE-THICK, in 
widths of 16, 20, 24 and 33 inches. Wall- 
thick Balsam-Wool is available in widths 
of 16, 20 and 24 inches. 



BaUamrWool Spacer Flange 



Application is quick and easy 


NU-WOOD INTERIOR FINISH-STRUCTURAL INSULATION 


Nu-Wood Kolor-Fast and Sta-Lite 
Interior Finish (Tile, Plank, Board and 
Wainscot) is applicable either to new con- 
struction or to existing buildings. It offers 
varied and pleasing decoration, also insu- 
lation and acoustical value. 

^ Nil -Wood Insulating Lath has several 
times the bonding strength of wood lath — 
continuous surface eliminates dirty lath 


marks, reduces cracks, V-joint resists 
trowel pressure in both directions — assures 
unbroken insulation value. 

Nu-Wood Insulating Sheathing is 
surfaced on both sides with double coats 
of special moisture proofing compound. 
Large board — speed erection — stronger, 
wind proof, insulated construction. 
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International Heating & Ventilating Exposition 

THE AIR CONDITIONING EXPOSITION 

Permanent Address — Grand Central Palace, New York, N. Y. 


EXPOSITIONS HELD 

The first in Philadelphia, 1930. 

The second in Cleveland, 1932. 

The third in New York, 1934. 

The fourth in Chicago, 1936. 

The fifth in New York, 1938. 

The sixth in Cleveland, 1940. 

The Seventh planned for Philadelphia in 1942, 
was postponed The conclusion of war activities 
will mark the resumption of manufacture of air 
conditiomng equipment for civilian use. At that 
time the Exposition will unfold tremendous oppor- 
tunities for the industry and manufacturers. 

These expositions have been and will be held coin- 
cident with the Annual meetings of the American 
Society of Heating and Ventilating Engineers 
and are directed by the International Exposition 
Company, under the auspices of the A S.H.V.E. 

EXHIBITORS 

Comprise leading firms in each phase of 
the industry; number has varied from 150 
to 327 exhibitors. 

EXHIBITS 

These range from and comprise all the 
types of articles discussed or advertised in 
this copy of The A.S.H.V.E, Guide. 

1. The Combustion Group: 

Furnaces, burners (coal, oil and gas^, 
grates, stokers, boilers, radiators (vari- 
ous types), refractories and auxiliaries. 

2. The Oil Burner Group. 

3. The Hydraulic Group: 

Water feeders, water heaters, pumps, 
traps, valves, piping, fittings, expan- 
sion joints, pipe hangers, etc. 

4. The Steam Heating Group: 

Vapor heating and steam specialties. 

5. The Hot Water Heating Group. 

6. The Air Group: 

Warm Air furnaces and stoves, regis- 
ters and grilles, cooling towers, air 
filters, motors, fans, blowers, condi- 
tioning equipment, ventilators (room 
and industrial types), unit heaters, etc. 

7. The Air Conditioning Group: 
Equipment which circulates and filters 
the air, in summer dehumidifies and 
cools; in winter heats and humidifies, 
and does all these in proper season for 
complete, all year-round air condi- 
tioning. 

8. The Control Group: 

Instruments of precision for indicating, 
controlling or recording temperature, 
pressure, volume, time, flow, draft or 
any other function to be measured. 

9. The Refrigerating Group: 
Compressors, condensers, cooling ap- 
paratus, contingent apparatus and 
refrigerants. 


10. The Central Heating 
Apparatus and materials especially 
designed or adapted to the uses of 
central heating and central heating 
station supplies. 

11. The Insulating Group: 

Structural insulators (refractory and 
cellulose materials), asbestos, mag- 
nesia clays and combinations thereof, 
pipe and conduit covering, etc., 
weather-stripping, etc. 

12. The Miscellaneous Group: 

Electric Heaters, boiler and pipe re- 
pair alloys, liquids and compounds, 
tools of all kinds, and equipment not 
specifically included in the above 
groups, but related thereto. 

13. The Machinery and General 
Equipment Group. 

14. Books and Publications 

VISITOR ATTENDANCE 

Comprises a registered attendance in- 
vited to the exposition and includes: 

(Figures are 1940 analysis) 
Industries 

Governmental — 401 

DtsiribtUion Channels 

Contractors, Dealers, Jobbers, Supply 

Houses 7,031 

Home Owners. 333 


Industrial Users — 

Professional and Service Organizations 

Public Utilities 

Real Estate Management and Operation ... — 

... 9.371 
. 689 

900 
.. 630 

500 


.. 797 

Totat. „ 

...20.652 

Occupations 


...11,433 

Construction 

.„ 2.632 


Operation 2,353 

Technical 2,688 

Not Classified including Educators, Pub- 
lishera. Home Owners, etc— 1,546 

Total. 20,652 

Industrial Expositions in America lead 
the expositions of the world in style, 
business effectiveness, industrial influence 
and educational value. This Exposition 
stands among the leaders in ^ Industrial 
Expositions in America. It is an edu- 
cational institution which brings together 
the research developments and improve- 
ments in equipment and materials for use 
in heating, ventilating and air conditioning 
all types of buildings. 
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Publications 


American Society of Refrigerating Engineers 

50 West 40tli Street, New Yoris 18, N. Y. 


REFRIGERATING ENGINEERING 




:\{il\EEl{l.\(i 



The most 
rapidly 
growing 
magazine 
in the 

refrigeration 

field 


REFRIGERATING ENGINEERING 

R efrigeration and air condition- 
ing have been found even more neces- 
sary during wartime than in times of 
peace — every man engaged in these in- 
dustries knows of the rapid developments 
made during the past year. 

Long acknowledged the most authorita- 
tive periodical in the field, Refrigerating 
Engineering has added steadily to the 
practical value of its contents, and its 
number of readers has grown in propor- 
tion. A wide variety of material is pre- 
sented, all from the viewpoint of its use- 
fulness to the reader in his own business. 

This magazine is a must for men who keep 
in touch with all that is new and important 
in refrigeration and air conditioning. 

THE REFRIGERATING DATA BOOK 

T he REFRIGERATING DATA 
BOOK is now an essential tool in the 
refrigeration and air conditioning indus- 
tries. Editions have been published in 
1932, 1934, 1936 and 1938. The 1940 
Edition (Volume II) is entirely different 
from any preceding volume. It consists 
wholly of practical, how-it-is-done chapters 
on all the known applications of air con- 
ditioning and refrigeration. This Applica- 
tions fMition carries information of a 
scientific and popular nature to the scores 
of industries using refrigeration processes. 

The 1942 (Fifth Edition) of the Data 
Book, replacing Volume 1, has been re- 
written in line with 1942 practice, and 
many valuable new sections have been 

To keep apace with progress in refrigeration and air conditioning, read the 
publications and follow the activities of THE AMERICAN SOCIETY OF 
REFRIGERATING ENGINEERS, SO West mh St., Ne^Y^kl8,N. Y. 
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added to make the Data Book the most 
comprehensive authority available on 
refrigeration problems. 

APPLICATION DATA BULLETINS 

A n outstanding addition to REFRIG- 
ERATING ENGINEERING since 
1939 is the APPLICATION DATA Bul- 
letins which have appeared in each issue. 
These bulletins are also available sepa- 
rately at reasonable prices for single copies 
or quantity orders. 

The APPLICATION DATA Bulletins 
tell precisely how refrigeration is used in 
various fields, giving examples and specific 
information on the best practice up to date. 
Some of the subjects covered to date 
are: refrigeration of locker plants, of 
fur storage, of restaurants, of liquids, of 
apples and pears, humidity in refrigeration, 
refrigeration service charts, refrigeration 
for skating rinks, butter and ^eese making, 
milk plants, citrus fruits, beer dispensing, 
retail stores, wine making, load calcula- 
tions, operation of ammonia machines, 
how to figure air conditioning, refrigeration 
of ships* stores, etc. 

CODES AND STANDARDS 

T he A.S.R.E. further contributes to 
refrigeration progress by its partici- 
pation in establishing codes and standards 
in the industry. Among the recent codes 
made available are: No. 21 — ^Testing and 
Rating Milk Coolers; No. 22 — Rating and 
Testing Water-cooled Refrigerant Con- 
densers (Tentative— 1942); No. 23— Rating 
and Testing Refrigerant Compressors 
(Tentative — 1942); No. 24 — Rating and 
Testing Water and Brine Coolers (Tenta- 
tive — 1942); No. 25 — Rating and Testing 
Forced-circulation Air Coolers for Com- 
mercial and Industrial Refrign. (Tenta- 
tive — 1942), (Supplement to Cir. No. 13, 
not sold separately.) 

MEMBERSHIP ACTIVITIES 

I T is the policy of the A.S.R.E. to treat in 
its meetings current subjects touching 
upon all phases of the art of refrigeration. 
Membership is in two grades with dues 
from $10.00 to $15.00. Sections hold meet- 
ings in the following cities: Boston, New 
York, Philadelphia, Detroit, Chicago, Mil- 
waukee, St. Louis, Los Angeles, Baltimore- 
Washington, Richmond, Pittsburgh, Cin- 
cinnati, Cleveland, Kansas City, and 
Utica, N. Y. (Central New York State). 



Publications 


Coal- Heat 

Published at 

20 W. Jackson Blvd., Chicago 4, Illinois 

Phone Wabash 9464 


F or informa- 
tion on the use 
and sale of stokers, 
coal and coal heat- 
ing equipment, 
you can turn to 
COAL-HEAT 
with complete 
confidence. 

Here is a maga- 
zine that appeals 
to every man con- 
cerned with the 
market, use and 
sale of solid fuel 
and modern heat- 
ing equipment. 
Having long since 
recognized the 
importance of 
properly designed 
efficiently oper- 
ated, properly 
maintained equip- 
ment to the suc- 



hy fuel engineers. 

COAL-HEAT’s 
fundamental edi- 
torial policy is “to 
further the more 
satisfactory use 
and sale of coal 
and modern coal- 
burning equip- 
ment.” It actively 
supports the ap- 
plication of scien- 
tific and engi- 
neering knowledge 
to the use of coal 
and coal-buming 
equipment. It 
covers both the 
merchandising 
and utilization of 
the coal, stokers 
and modern heat- 
ing equipment. 

With over a 
million stokers in 


cessful use of coal, 

and therefore to the welfare of the coal 
industry, COAL-HEAT constantly em- 
phasizes the significance of the “equip- 
ment factor” in heating merchandising. 

It is only natural that COAL-HEAT 
was the first trade magazine to recognize 
and promote the small stoker; to introduce 
many new developments in coal-burning 
equipment to further fuel conservation; to 
support the use of dustless treatment; and 
to urge the sale of equipment by coal men. 

COAL-HEAT has at its disposal an 
almost unlimited number of sources of 
authentic information on the topics it 
covers; its articles are written by the best 
informed njen in the coal, stoker and heat- 
ing industries. It enjoys quite a following, 
not only among the most progressive 
merchants in these industries, but among 
the industry’s leading combustion and 
heating engineers. For years it has 
championed the importance of the fuel 
engineer to the coal and stoker industries, 
and each year prints many articles for and 


use today, the 
importance of COAL-HEAT’s field is 
clearly evident. It has been and is COAL- 
HEAT’s job to supply coal and stoker 
men with the information they need to 
insure satisfaction for stoker users. The 
same is true with hand-fired heating plants 
and all kinds of household and commercial 
coal heating equipment. 

In addition to providing its readers 
with a basic and diversified editorial pro- 
gram, COAL-HEAT also publishes a 
number of books and booklets, manuals 
and reprints covering a wide range of 
subjects of interest to coal, stoker and 
heating men. Its series of heating guides 
for the consumer have proved particularly 
popular. These are available at small 
cost. 

Subscription rates — ^$2.00 a year; $3.00 
for two years. Rates apply for both 
United States and Canada. Foreign rates 
— ^$2.00 a jrear; $4.00 for three years. 

Advertising rates and other information 
will be furnished upon request. 
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KEENEY PUBLISHING COMPANY 
6 North Michigan Avenue, Chicago 22, 111. 


Publications 


Heating, Piping and Air Conditioning 


This is the publication which carries the Journal of 
the A.S.H.V.E. in addition to its own regular editorial 
section. Its field is that of industry and large buildings. 
It is devoted to the design, installation, operation, and 
; maintenance of heating, piping and air conditioning 
systems in such plants and buildings. 

Each January issue includes a complete directory of 
commercial and industrial heating, piping, and air 
■ conditioning equipment, which lists all products, their 
trade names, and the manufacturers’ addresses. It is 
• the established buying and specifying guide of the 
industry. 

H. P. & A. C. is read by consulting engineers and 
. architects . . . contractors . . . and engineers in charge 
of heating, piping and air conditioning in industrial 
, plants, and other large buildings, federal, state, and 
city governments, school boards, and public utilities. 
All A.S.H.V.E. members are subscribers. 

Such coverage means, for the advertiser, considera- 
tion at all points in the selling of a heating, piping, or 
air conditioning product . . . consideration in its selection 
during the preparation of plans and specifications; in 
its actual purchase for installation; in its year-’round buying for operating and main- 
tenance requirements. Without waste, the manufacturer of air conditioning products 
and equipment can reach through H. P. & A. C. those from whom he is seeking the 
necessary engineering acceptance. Write us for full information. 

Subscription Price — No, and So. America — $2 per year. Elsewhere S4 P^y year. 
Member— A.B.P.—A.B. C. 
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American Artisan 

AMERICAN ARTISAN covers the field of \varm air 
heating, residential air conditioning, and sheet metal 
contracting. Its readers are warm air heating and sheet 
metal contractors, dealers, jobbers, manufacturers, and 
public utility companies. 

Each January issue includes a complete directory of 
warm air heating, air conditioning, and sheet metal 
products and equipment, which lists all products, their 
trade names, and the manufacturers’ addresses 

A special section of each issue has been devoted to 
air conditioning since 1932, when it first became 
apparent that air conditioning for homes was to be along 
the lines of the central forced warm air heating system. 
As a result of the ready adaptability of this type of 
heating system to all air conditioning factors, tens of 
thousands of homes today have winter air conditioning 
— supplied through forced warm air heating with air 
cleaning and humidification. Cooling apparatus can be 
attached to these systems readily whenever year-’round 
air conditioning is desired. 

The key man in the residential air conditioning picture is the warm air heating and 
sheet metal contractor — ^the one man experienced m “treating air” at a central place 
and getting it properly distributed. And the key publication — because it reaches these 
key men with an information service that has made it the recognized authority on 
residential air conditioning practice — is AMERICAN ARTISAN. For full information 
write us. 

Subscription rate — $2.00 per year. Member A.B.P. — A.B.C. 
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DOMESTIC ENGINEERING PUBLICATIONS 
1900 Prairie Avenue, Chicago, Illinois 


Domestic Engineering Magazine 

I N recognition of valuable service rendered 
to its industry on wartime fuel con- 
servation, Domestic Engineemng won first 
award for editorial achievement again in 
1943. Reaching the top group of con- 
tractor-dealers in the plumbing, heating, 
and air conditioning field. Domestic 
Engineering continues to expand its posi- 
tion of leadership established through 54 
years of serving the industl:y^ 

To its readers Domestic Engineering 
offers an authoritative source of infor- 
mation, a constant touch on ever-changing 
conditions and a practical approach to the 
problems encountered by all branches of 
their industry. 

To manufacturers faced with these 
problems of war conditions, and of post 
war planning and achievement, Domestic 
Engineering represents a media of prime 
importance to the field, and an exclusive 
source of information and service per- 
taining to such problems. 

Domestic Engineering Catalog Directory 
and Air Conditioning Blue Book 

P ARTICULARLY designed as a com- 
plete buying and specifying guide and 
reference source for the use of buyers, 
specifiers, engineers and contractors on 
plumbing, heating, air conditioning and 
related equipment. DOMESTIC ENGI- 
NEERING CATALOG DIRECTORY 
and AIR CONDITIONING BLUE 
BOOK condenses and arranges all neces- 
sary data for quick and easy reference. 

Five distinct sections . . . MANU- 
FACTURERS’ CATALOG SECTION 
. . . Up-to-the-minute buying and speci- 
fying information on products used in 
this industry. TABLES AND RULES 
SECTION . . . specifying data condensed 
to standard Tables, Rules, Charts, and 
Layout Diagrams on plumbing, heating 
and air conditioning. CLASSIFIED 
DIRECTORY . . . giving every known 
product in the industry and its manu- 
facturer. TRADE NAME SECTION . . . 
Trade names of all products used in the 
field and the names and addresses of their 
manufacturers. NAME AND ADDRESS SECTION . . . listing the name and address 
of every known manufacturer in the industry. 

DOMESTIC ENGINEERING CATALOG DIRECTORY and AIR CONDITION- 
ING BLUE BOOK is used constantly throughout the year by the leading buyers and 
specifying engineers in the field . . , and in addition goes to all essential war^ activity 
officials. Thus it presents to manufacturers a highly productive method of displaying 
product information to the right men in the market. 
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Fueloil & Oil Heat 

232 Madison Ave. New York, N. Y. 

Lex. 2-4566-7 

Los Angeles Baltimore 

Don Harway & Co. c/o Fleet-McGinley, Inc 

816 W. 6th St. — Mutual 8512 Candler Bldg. — Lexington 7065 



A. E. COBXJRN, 

Editor 

Arthxjr G. Winkler, 
Advertising Manager 


Robert Gray, 
Business Manager 
Leod D. Becker, 
Chairman of Board 


r UELOIL & OIL HEAT was born of a 
merger in May, 1942, of Fueloil Journal 
(20 years old) and Air Conditioning & 
Oil Heat (14^ years old), formerly the 
leading competitive publications in the oil- 
heating industry. 

Oilheating is a vertical, integrated in- 
dustry, filing through the same prime 
outlets oUburning equipment, heating and 
air^ conditioning equipment and fueloil. 
It is not, in its major marketing pattern, 
closely wedded to either the general heat- 
ing or the general petroleum industry. 

The integration of oilheating equipment 
and fuel first stzirted in 1932 and has 
grown progressively until at present more 
than half of all oilheating equipment is 
sold, and oilbumer service rendered, by 
defers who also sell oil, while nearly two- 
thirds of all retail heating oil volume is 
distributed^ by ^ companies selling and 
servicing oilheating equipment. 

The equipment seller has first chance at 
the new consumer’s oil contract, while 
with old customers the fueloil man has one 
foot ^ in the door to sell oilburner and 
heating replacements. 


MANUFACTURERS 

Oilheating equipment manufacturers, 
with few exceptions, are presently devoting 
most of their facilities to the production 
of war products. In some instances these 
are their peacetime products, being sold 
for war uses . . . others are concentrating 
on unrelated lines. All of these companies, 
however, are maintaining dealer and prod- 
uct relationships through the sale of repair 
and replacement oilheating necessities. 

Oilburner replacements in 1943 were 
only 14,000, compared with the last peace- 
time year with 56,000 replacements, in- 
dicating a large replacement deficit that 
inust be met, much of it in 1944. Relaxa- 
tion of Government restrictions on replace- 
ments point to 1944 sales for such purpose 
of upward of 50,000. 

DEALERS 

Mortality among oilheating dealers has 
been severe under the handicaps of war- 
time restrictions, and while the actual 
number has declined 42 per cent since 
Pearl Harbor, these were small companies 
with little capital investment, and repre- 
sented only 15 per cent of prewar oil- 
heating equipment sales volume. The 
larger dealers, with strong service depart- 
ments or fueloil departments, or both, have 
not been seriously hurt. Total dealers in 
January, 1944, number 10,000, compared 
with 16,000 in 1941, Of the remaining 
10,000, upward of 7,200 have income from 
fueloil. 

The dollar value of oilheating service 
has grown importantly since the war 
started, and particularly since fuels became 
less plentiful. Fuel saving accessories, 
burner adjustments, boiler cleaning, in- 
sulation and many other facilities to make 
a ration stretch have been readily saleable, 
with the result that the average consumer 
has been willing to spend enough to make 
service department income highly satis- 
factory to the dealer. 

Oilheating can be expected to emerge 
from the war years with a particularly 
strong distribution nucleus, promising 
record postwar sales. 

For a statistical picture of all phases 
of wartime oilheating, send $1.00 for 
the January, 1944, Yearbook issue. 
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Heating and 

VENTILATING is 
edited for engineers, con- 
tractors, and equipment 
manufacturers who have 
the final word in the 
specification, installa- 
tion, and operation of 
mechanical equipment 
for heating, air con- 
ditioning, ventilating, 
piping and refrigeration 
for industrial commercial 
and institutional build- 
ings. 

The editorial content 
is designed to be of 
practical use to engineers engaged in this 
work, and is prepared under the direction 
of field-experienced professional engineers. 
A maximum amount of space is given 
each month to articles showing how 
specific problems have been met, authori- 
tative discussion of tim<*ly subjects, com- 


pilations of useful data, 
and [descriptions of the 
latest practice, tech- 
niques and equipment. 

Generally speaking, 
the emphasis is on 
practical rather than on 
technical considerations. 

Each month an origi- 
nal Reference Data sheet 
is included for permanent 
use in a standard binder 
(back copies are avail- 
able). 

Special issues or 
special sections arc pub- 
lishcd from time to 
time. A comprehensive Buyers Guide 
(directory of manufacturers) is published 
early each fall. Special Reference Sections 
are published .several times throughout 
the year on subjects of timely interest, 
such as Radiant Heating, Food Dehy- 
dration, Fuel Conservation, etc. 



CIRCULATION 


HEATING AND VENTILATING'S 
total distribution (May, 1943) — 11,354, 
classified as follows: 

Consulting Engineers (347) and Ar- 
chitects (158) Engineers Employed 

by them (356) 860 

Contractors (1,215) and Engineers 

Employed by Contractors (254) 1,469 

Governments and School Boards, 

and their Engineers 1,038 

Public Utility Group 589 

Industrial Firms, their Executives, 
Engineers and other Employce.s„..3,009 
Buildings, Real Estate Management 

Companies, Their Engineers 761 

Manufacturers of Air Conditioning, 
Heating, Piping and Ventilating 


Equipment, Their Officials and 
Employees (664) and Designing 

Engineers (181) 845 

Manufacturers’ Agents and Sales- 
Engineering Firms (144) Sales 

Engineers and Salesmen (740) 884 

Wholesalers (72) and Dealers (305) 377 

Educational Institutions, Libraries, 

Technical Associations. 588 

Miscellaneous and Unclassified 590 


11,010 

Field Staff, Correspondents, Ex- 
changes and Advertising Agencies 344 

TOTAL .11,354 

Subscriptions to HEATING AND 
VENTILATING are S2.00 a year. 
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Sheet Metal Worker 

Published by Edwin A. Scott Publishing Company 
45 West 45th Street, New York 19, N. Y. 



Subscription rates — $2.00 
per year, U. S., Canada and 
Pan Amer. Foreign $3.00. 
Advertising rates on request. 


T he January 1944 issue of Sheet Metal \\ orker 
will be its 70th Anniversary and Directory Number. 
It is the oldest publication in its field and is of vital 
importance to men interested in sheet metal work — 
air conditioning — warm-air heating and ventilation. 
Founded in 1874 and published to 1909 by David 
Williams Company; 1909 to 1920 by United Publishers 
Corp. ; since 1920 by, the Edwin A. Scott Publishing Co. 

Subscribers are mainly merchandising contractors 
purchasing practically all products and equipment 
which they fabricate, erect or install. Manufacturers, 
jobbers and distributors also subscribe. 

The market has three main divisions: 

(1) Equipment for resale in connection with erection oi instal- 
lation work 

(2) Materials for fabrication 

(3) Shop equipment and supplies. 

Circulation: Sheet Metal Worker is a member 
of the Audit Bureau of Circulations and the Associated 
Business Papers. 

Sheet Metal Worker also publishes books ^ on 
heating, ventilating, sheet metal work, air conditioning, 
etc. 

The Annual Issue published in January, contains a 
comprehensive and valuable Directory Section. 


Plumbing and Heating Journal 

Edwin A. Scott, Publisher 


45 West 45th Street, New York 19, N. Y. 



Subscription rates — $2.00 
per year, U. S , Canada and 
Pan Amer. Foreign $3.00. 
Advertising rates on request. 


P LUMBING and Heating Journal is edited to furnish 
a well-rounded, efficient service to the men engaged 
in the plumbing, heating, ventilating and air con- 
ditioning fields. It covers both the technical and busi- 
ness phases of their work. 

It gives free technical service through a staff of 
practical engineers; expert merchandising assistance, 
and its technical and business articles are by men of 
recognized competence. 

THE JOURNAL editorial department draws its 
news from scores of trained correspondents located at 
strategic points throughout the country. 

This combination of the technical, business, news and 
other aspects of the industry enables THE JOURNAL 
to achieve a finely balanced magazine that gives the 
reader the type of information he wants and needs, in 
brief, compact form. 

A department ‘^With the Water Systems,” informs 
the trade of the latest developments in the rural plumb- 
ing field and its increasing potentialities for the plumbing 
-y heating contractor, especially with the recent exten- 
sions of rural electric lines throughout the country. 
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A.S.H.V.E. MILESTONES 

1894 Organization meeting September 10, at Broadway Central Hotel, New York, 
w'ith 75 Charter Members, 

1895 First Annual Meeting, January 22-24 at 12 West 31st Street, New York. Incor- 
poration under laws of New York State, TRANSACTIONS established. 

1896 Society Emblem adopted at 2nd Annual Meeting— Dr. J. S. Billings, First Honorary 
Member, 

1897 First Semi-Annual Meeting held at the Windsor Hotel, New York, June 18. 

1906 First Chapter organized in Chicago. 

1907 Membership reached 301. 

1911 Membership totaled 405. New York Chapter formed. Society established 
Headquarters in Engineering Societies Building, 29 West 39th Street, New York, 

1915 Journal first published in April as a quarterly; later issued monthly. 

1916 Full time Secretary employed. 

1918 Members in Armed Services — 64. 

1919 After several years of consideration and planning the Society established its 
Research Laboratory, in the United States Bureau of Mines, at Pittsburgh, Pa., 
having determined a preliminary modus operandi and provided an operating fund. 
The Society is justly proud that it is the only professional engineering organization 
which maintains and operates its own Research Laboratory, 

1922 The A.S.H.V.E. Guide published in September. 

1923 Comfort Zone Established hy A.S,H.V.E. Research. 

1925 Dues raised to 125.00 and 40 per cent of dues of members and associates allocated 
to Research Fund. 

1927 Membership of Council increased from 12 to 17. 

1928 Appointment of Technical Secretary and completion of Code for Minimum 
Requirements for Heating and Ventilation of Buildings. Benjamin Franklin 
honored as Patron Saint of Society. 

1929 Journal incorporated as a Special Section of Heating, Piping and Air Conditioning. 
Society Headquarters moved to 51 Madison Ave. 

1930 Endowment created by Thornton Lewis for the F. Paul Anderson Medal. First 
International Heating and Ventilating Exposition held in Philadelphia, 

1932 First Award of F, Paul Anderson Medal to W. H. Carrier. 

1933 New Constitution and By-Laws adopted — Membership dues reduced. 

1938 Membership passed 3000. 

1941 Soceity requested to do Research for U. S. Navy. 

1943 Membership at all-time high, 3300 — Chapter with largest Charter Membership 
organized m Indianapolis. 

1944 Members serving in Armed Forces — 332, 
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Officers and Council 


American Society of Heating and Ventilating Engineers 

51 Madison Ave., New York 10» N. Y. 


1943-44 


PresidetU 

Ftrsi V icc-^Presideni 

Second Vice-President , .. 

Treasurer 

Secretary 

Technical Secretary., 


One Year 
E. 0. Eastwood 
A. P. Kratz 
W. A. Russkll 
L. P, Saundicrs 


Council 


M. F, BLA^^RIK, Chairman 
S. 11. Downs, Vice-Chairman 


Two Years 
L. G. Miller 
A. J. Offner 

A. E. Stacky, Jr, 

B. M. Woods 


Committees of the Council 

Executive: E. O. Eastwood, Chairman; A. P. Kratz, E. N. McDonndl. 
Finance: J. F. ColUus, Jr., Chairman; C.-E. A. Winslow, B. M. Woods. 
Membership: E. K. Campbell, Chairman; A. J. Offner, W. A. Russell. 
Meetings: S. II. Downs, Chairman; James Holt. 

Standards: L. P. Saunders, Chairman; L. G. Miller, T- H. Urdahl, 


M. F. Blankin 

-S. H. Downs 

A. Winslow 

E. K. Campbell 

A. V, Hutchinson 

Carl II. Flink 


Three Years 
J. F. Collins, Jr. 
James Holt 
E. N. McDonnell 
T. H. ITrdahl 


Advisory Council 

E. 0. Eastwood, Chairman; Homer Addams, D, S. Boyden, W. H. Carrier, S. E. Dibble, W. H. Driscoll, 
W. L, incusher, H. P. Gant,'F. E. Gieaecke, E. Holt Gurney, L. A. Hardinj?, H. M. Hart, C. V. Haynes, 
K, Vernon HIU, John Howatt, W. T. Jom^, D. D. Kimball, G. L. Larson, S. R. Lewis, Thornton Lewis, 
J. F. Melntire, F. B. Rowley and A. C. Willard. 


Special Committees 

Admission and Advancement: E. P, lIcH'kel, Chairman (one year); T. T. Tucker (troo years); H. Berkley 
Hedges (three years). 

A.S,n.V.IC,— A.5.r.Ar.— A.5r.R.E.-V.R,C. Committee on Thermal Conductivity: V. C. Houghton, Chair- 
man; C. B. Hmdley, H. C, Dickinson, R. iL Heilman, E, K. Queer, F, B. Rowley, T. S. Taylor and 
G. B. Wilkes. 

A.S.H.V.E.*-“/.E.A*. Joint Committee on Lighting and Air Conditioning: P, M, Rutherford, Jr., Chairman; 
W. R. Beach, B, C. Candee, W, G. Darley, Bruce Jensen and C. L. Krilis, Jr. 

Chapter Development Committee: W. A. Russell, Chairman; Albert Buengcr and C, E, Price. 

Chapter delations: J. F. CoUine, Jr., Chairman; L. P. Saunders and H. E. Sproull. 

Constitution and Dy-I*aws: L. T, Avory, Chairman; M. W. Bishop and R. A. Miller, 

F. Paul Anderson Award: S, H. Downs, C/iairman; Tom Brown, F, E, Giesecke, L. L. Lewis and F, B. 
Rowley, 

Cuide Publication: P, D. Close, Chairman; Thomas Chester, John James, S, Konzo and C. S. Leopold. 

Publication: C, H. B. Hotchkiss, Chairman (om year); J, IL Walker (two years), und L. E, Seeley (three 
years). 

War Service: John Howatt, Chairman; W, H. Driscoll, E, N* McDonnell, L. E, Sedey and B. M. Woods. 



Nominating Committee 


Chapter 
Atlanta 
Cmunnati 
Connectk uL 
Delta 

CJoIden Gate 

niinoib 

Iowa 

Kansati City 

Manitoba 

Massachusetts 

Michigan 

ilinncsota 

Montreal 

Nebraska 

New York 

North Carolina 

North Texas 

Northern Ohio 

C)kIahonia 

Ontano 

Oregon 

i*acific Northwest 
Philadelphia 
Pittsburgh 
St Louifa 
South Texas 
Southern California 
Washington, D. C. 
Western Miclugan 
Western New York 
\V isconsin 


Representaltve 
T. T Tucker 
M. E Matiiewson 
L. E Seeley 
G. E. May 
B M. Wooi>s 
E. M. Mittendorff 
F E. Triggs 
L. T, Mart 
Ivan McDonald 

E. G. Carrier 
M B Shea 

R. E Backstrom 

G. P Ste-Marie 
B G. Peterson 
H H. Bond 

F. E. P. Klages 
T. H. Anspacher 
Paul Gayman 

E T. P. Ellingson* 
V J. Jenkinson 
B W- Farnes 
R. D. Morse 

H. H. Mather 
E. C Smyers 
C. F. Boester 
J. A. Walsh 
W. O. Stewart 
J. W. Markert 
T. D. Stafford 
H C Schafer 
C. H. Randolph 


AUernata 
L F. Kent 
E V\' McNames 
H E Adams 

G. C, Kerr 

A. O. May 
C. W. Helstrom 
M. M. Rivard 
Einar Anderson 
A- C. Bartlett 
S S. Sanford 
William McNamapa 

R. R. Noyes 
W. R. White 
C. S. Koehler 
Arvin Page 

John Sherman 
E. F. Dawson 

H. R. Roth 

E. H. Langdon 
Edwin Elliot 

E. H. Riesmeyep, Jr. 
M. F. Carlock 

A. J, Rummel 
Leo Hungerford 

F. A. Leser 
L. G. Miller 

S. M, Quackenblsic 
Ernest Szekely 


COMMITTEE ON RESEARCH 

C. M. Ashley^ Chairman 


tr T -VP. 

H. J. Rose, Vtce-Chairman 

C. M. Humphreys, Acting Director, Research Laboratory 


J. H. Walker, Technical Adviser 
A. C. Fieldner, Ex-Ojfficto Membe* 


F. C. McIntosh 


Three Years 
H, J. Rose 
L. P. Saunders 
L. E Seeley 
A E. Stacey, Jp 


T. H Urd\c(l 


Cyril Tasker, Director of Research 

One Yeat Two Years Three Years 

pj Ashley C. F. Boester H, J. Rose 

H ■ L. P. sX>EE3 

F C MclNmiS ^ Seeley 

Executive Committee 
C. M. Ashley, Chairman 

F.C. McIntosh M. K. Fahnestock H. J Rose T. H Urduh, 

Finance Committee 

E. N McDonnell, Chairman 

Technical Advisory Committees 

D. Adams, C. R. Bellamy. G. D Frfe, E. P HacM 

Phys^ogal ^aai<m: R. W. Keeton. M.D.. Chairman; T. Bedford, A. R. Rpt..,!,. A C Barton E P 

C “It A- C. Ivy.Tit Shtrf, a"d; " fS'tte; 
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Air Disirihuiion and Air Friction: J. H. Van Alsburg, Chairman, S. H Downs, A. P. Kratz, E. C. Lloyd, 
R. D. Madison, L. G, Miller, D, W. Ndson, C* H. Randolph, L. P, Saunders*, M. C Stuart, Ernest 
Szekely and G. L. Tuve. 

Heat Requirements of Buildings: P. D. Close, Chairman; E. K Campbell, J, F. Collins, Jr., E F. Dawson, 
W. H, Driscoll, H. H. Mather, H. K McCain*, M. W. McRae, C. H. Pesterfidd, F. B. Rowley and 

R. K. Thulman. 

Atr Conditioning Requirements of Glass: R A. Miller, Chairman; L. T. Avery, F, L. Bishop, W. A. Daniel- 
son, H C. Dickinson, J. D. Edwards, J. E Frazier, E. H. Hobbie, C. L. Kribs, Jr., Axel Marin, F. W. 
Parkinson, W. C. Randall, L. E, Seeley*, L. T. Sherwood, J. T. Staples, H. B. Vincent, G. B, Watkins 
and F. C. Weinert. 

Sound Control: R D. Madison, Chairman; W. W. Kennedy, V. O. Knudsen.C II. Randolph, A. E. Stacey, 
Jr.*, A. G. Sutcliffe, T. A. Walters and R. M. Watt, Jr. 

Cooling Towers, Evaporative Condensers and Spray Ponds: H. B. Nottage, Chairman; C. F. Boester**, 
W. W, Cockins, S. C. Coey, E. H Kendall, E. R. Ketchum, S. R. Lewis, J. F. Park, S I, Rottmayer, 
E. W. Simons and E. 11. Taze. 

Psychromelry: J. A. Goff*, Chairman; F. R. Bichowsky, W. H. Carrier, H. C. Dickinson, R. S. Dill, A. \V. 
Gauger, William Goodman, A M. Greene, Jr., L. P Hainson, F. G. Keyes, A. P. Kratz, D, M. Little, 
Axel Marin, D. W. Nelson and W. M. Sawdon. 

Flow of Fluids Through Pipes and Fittings: F. E Giesecke, Chairman; T. M. Dugan, S. R. Lewis and 
L P. Saunders*. 

Fuels: R. A Sherman, Chairman; R. M. Conner, R. S. Dill, R. B, Engdahl, A. C. Fieldner, L, N. Hunter, 

S. Konzo, W. M. Myler, Jr , H. J. Rose*, C. E. Shaffer, T, H. Smoot, R. K. Thulman. T. H. Urdahl*, 
and E. C. Webb, 

Corrosion: L F. Collins, Chairman; R. C. Doiemus, E. W. Guernsey, G. G. Marvin, A. R. Mumford, 
L, P. Saunders* and F. N. Speller. 

Air Conditioning in Industry: W, L. Fleisher, Chairman; L. T. Avery, A, R. Behnke, M.D., Leonard 
Greenburg, M.D., W. E. Heibel*, F. C. Houghten, D. E. Humphrey, E. F, Hyde, L. L, Lewis, P. A. 
McKittrick. R, R. Sayers, M.D., R. M. Watt, Jr. and H. E. 2id. 

Sorbents: F. R. Bichowsky, Chairman; O. D. Colvin, F. Dehler, John Everetts, Jr., Ralph Fehr, J. A. Goff*, 
W. R. Ilainsworth, C. H. B. Hotchkiss, J. C. Patterson and G. L. Simpson 

Insulation: E. R. Queer, Chairman; J, D. Edwards, F. G. Hechler, H. K. McCain*, Paul McDermott, 
W* T. Miller, H. C. Robinson, F. B, Rowley, G. L. Tuve, J. H. Waggoner and G. B. Wilkes. 

Heavy Duty Air Heating Furnaces: E. K. Campbell, Chairman; H. D. Campbell, K. T. Davis, A. P. Kratz, 
W. J. MaGiil, A. A. Olson, B. B. Reilly, H. J. Rose* and H. A. Soper. 


♦Member of Committee on Research, 


Officers of Local Chapters, 1943-44 


Atlanta 


Illinois 


Headquarters, Atlanta, Ga. 
Meets: First Monday in Month 
President, A, H, Kocii 
3087 Peachtree Road 
Secretary, U F. Lawrence, Jr, 

304-101 Marietta St., Atlanta 3 


Headquarters, Chicago, 111. 

Meets: Second Monday tn Month 
President, Chas. E. Price 

Room 1606, 6 N. Michigan Ave., Chicago 
Secretary, C. M. Burnam, Jr. 

Room 1605, 6 N. Michigan Ave., Chicago 


o 
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Cincinnati 

Headquarters, Cincinnati, Ohio 
Meets: Second Tuesday in Month 
Honorary President, Capt. C. E, Hxtst 
President, Aluert Bven<»er 
Hotel Gibson 
Secretary, E. J, Richard 

2137 Reading Road, Cincinnati 2 

Connecticut 

Headquarters, New Haven, Conn. 
President, C. J. Lyons 

Wilson Ave.. S. Norwalk 
Secretary, J, R, Smak 

360 Morehouse Highway, Fairfiehl 

Delta 

Headquarters, New Orleans, La. 
Meets: Second Tuesday in Month 
President, L* V, Crkssy 

423 Baronne St,, New Orleans 13 
Secretary, J. 8. Bprrk 

317 Baronne St., New Orleans 0 

Ooldon Gate 

Headquarters, San Francisco, CullL 
Meets: First Wednesday in Month 
President, R. A. FulsOaM 
HK) ilooper St. 

Secretary, R. B. Hollanp 
1276 Folsom St. 


Indiana 

Headquarters, Indianapolis, Ind, 
President, S. E. Fenstermakkr 

037 Architects and Bulldets Bldg 
Secretary, C. W. Stewart 
1001 York St. 

Iowa 

Headquarters, Des Momes, Iowa 
Meets: Second Tuesday in Month 
President, C. W. IlBLbTROM 
1614 Thompson 
Secretary, B* E. Landes 

1603 47th St.. Des Moines 10 

Kansas City 

Headquarter, Kansas City, Mo. 
Meets: Second Monday in Month 
President, L. T. Mart 

3001 Fairfax Road, Kansas City, Kans. 
Secretary, F. S. Pexton 

824 Grand Ave., Kansas City 13, Mo, 

Manitoba 

Headquarteis, Winnipeg, Man. 
Meets: Third Thursday m Month 
President, F. L. Chester 
170 Rannatyne Ave. 

Secretary, F, T. Bai.L 

HIO Ninth Ave.. W.. Calgary, Alta. 
Acting Secretary, Einor Anderson 
152 Bannerman Ave. 
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Officers and List of Chapters, 1943-44 — {Continued) 

Massachusetts Oregon 


Headquarters. Boston. Sfass. 

Meets: Third Tuesday in Month 
President, E. G. Carrier 
704 Statler Bldg. 

Se^etary, R. T. Kern 

61 Oaflin St., Leominster 

Michigan 

Headquarters, Detroit, Mich. 

Meets: First Monday after 10th of Month 
President, S. S. Sanford 
Y 2000 Second Ave. 

Secretary, A. E. Knibb 

1003 Maryland Ave., Detroit 30 

Minnesota 

Headquarters, Minneapolis, Minn. 
Meets: First Monday in Month 
President, D. B. Anderson 

1999 Pinehurst Ave., St. Paul 
Secretary, R E. Gorgen 

Wesley Temple Bldg., Minneapolis 

Montreal 

Headquarters, Montreal. Que. 

Meets: Third Monday in Month 
President, F. A. Hamlet 

1010 St. Catherine St., W. 

Secretary, R, R. Noyes 
630 Dorchester St., W. 

Nebraska 

Headquarters, Omaha 
Meets: Second Tuesday in Month 
President, G. E, Merwin 
6012 Parker St. 

Secretary, E. F. Adams 
1227 South 52nd St. 

New York 

Headquarters, New York, N. Y. 

Meets: Third Monday in Month 
President, R. A. Wasson 
600 Fifth Ave. 

Secretary, P. G. Griess 

189 Walnut Ave., Bogota, N. J. 

North Carolina 
Headquarters, Durham, N. C. 

Meets Quarterly 
President, F. J. Reed 
263 College Station 
Secretary, C. Z. Adams 

312 Piedmont Bldg., Greensboro 

North Texas 

Headquarters. Dallas, Texas 
Meets: Second Monday in Month 
President, M. L. Brown 
3600 Commerce St. 

Secretary, E, T. Gessell 
Thomas Bldg. 

Northern Ohio 
Headquarters, Cleveland, Ohio 
Meets: Second Monday in Month 
President, P. D, Gayman 
2142 East 19th St. 

Secretary, G. B. Priestkr 

Case School of Applied Science, Cleveland 6 

Oklahoma 

Headquarters, Oklahoma City, Okla. 
Mats: Second Monday in Month 
President, E. F. Dawson 

UniversiW of Oklahoma, Norman 
Secretary, E. T. P, Ellingson 

314 Savings Bldg,, Oklahoma City 2 

Ontario 

Headquarters, Toronto, Ont. 

Meets: First Monday in Month 
President, W, C. Kelly 
602 King St. W. 

Secretary, H. R. Rote 
57 Bloor St, W. 


Headquarters, Portland, Ore. 

Meets: Thursday after First Tuesday 
President, J. A. Freeman 

1623 Southeast 11th Ave. 

Secretary, G. H. Risley , , 

516 Southwest Oak St., Portland 4 

Pacific Northwest 
Headquarters, Seattle, Wash. 

Meets: Second Tuesday in Month 
President, R. D. Morse 

414 Vance Bldg., Seattle 1 
Secretary, J. D. Sparks 

7331 W. Green Lake Way, Seattle 3 

Philadelphia 

Headquarters, Philadelphia, Pa, 

Meets: Second Thursday in Month 
President, Edwin Elliot 
660 North 16th St. 

Secretary, E. H. D after _ 

Room 2211, 12 South 12th St., Philadelphia 7 

Pittsburgh 

Headquarters. Pittsburgh, Pa. 

Meets: Second Monday in Month 
President, G, G. Waters 
1841 Oliver Bldg. 

Secretary, E H, Riesmeyer, Jr. 

231-33 Water St., Pittsburgh 22 

St. Louis 

Headquarters, St, Louis, Mo. 

Meets: First Tuesday in Month 
President, C. F. Boester 
101 E Essex, Kirkwood 
Secretary, B. C. Simons 

Room 706, 4030 Chouteau, St, Louis 10 

South Teiiras 

Headquarters, Houston, Texas 
Meets: Third Friday in Month 
President, A. M. Chase, Jr. 

Box 369 

Secretary, A. P. Barnes 

602 Kirby Bldg., Houston 2 

Southern California 
Headquarters, Los Angles, Calif. 

Meets: Second Wednesday in Month 
President, W. O. Stewart 
153 W. Avenue 34 
Secretary, Maron Kennedy 
6061 Santa Fe Ave. 

Washington, D. G. 

Headquarters, Washington, D. C. 

Meets: Second Wednesday in Month 
President, S. L. Gregg 

4828 Edgemoor Lane. Bethesda, Md. 
Secretary, A. S. Gates, Jr. 

Ill County Road, Kensington, Md. 

Western Michigan 
Headquarters, Grand Rapids, Mich. 

Meets: Second Monday in Month 
President, C. H. Pesterfield 

Michigan State College, East Lansing 
Secretary, V. H. Hill 

2111 Colvin Court, l^ansing 10 

Western New York 
Headquarters, Buffalo, N. Y, 

Meets: Second Monday in Month 
President, S. M. Quackenbusk 
117 W, Tapper St. 

Secretary, Herman Seelbacii, Jr, 

46 Allen St. 

Wisconsin 

Headc^uarters, Milwaukee, Wis. 

Third Monday in Month 
President, F. W. Goldsmith 
513 E, Day Ave. 

Secretary^ E. W. Gifford 
611 N. Broadway 
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HOW TO APPLY FOR MEMBERSHIP 


The real accomplishments, of life are 
usually measured by the service one has 
rendered to his fellows and the true cul- 
tural refinement of mind, the finest sense 
of personal and professional ethics, factors 
transcending all material elements in what 
man calls ‘‘success,” are developed through 
association with those of high ideals and 
cherished ambitions in the same field of 
activity. The American Society of 
Heating and Ventilating Engineers 
offers to him whose work is definitely 
within its province an opportunity for 
such association and an opportunity for 
real service to his profession. 

Every man in the heating, ventilating 
and air conditioning profession needs the 
Society — 

1 — Because of the contacts that it brings 
through national and local meetings. 

2 — Because of the information supplied by 
Society Publications. 

3 — Because of the opportunities that re- 
search reveals in new applications for 
engineering services and equipment. 

4 — Because of the satisfaction to be de- 
rived in contributing to human comfort 
and well being. 

A Candidate must make application on 
the printed form “Membership Appli- 
cation” which is available at the head- 
quarters office or from Chapter Officers 
and members. A statement of qualifi- 
cations and engineering experience is 
required and four members must act as 
sponsors except under certain conditions 
noted in Article B-III of the By-Laws. 

Initiation Fees for 10*M arc: Members 
and Associate Members f 10.00; Junior 
Membora $5.00. The Initiation Fee must 
accomjsany application. 

For 1944 the annual dues of the Society 
are: Members and Associate Members 


$18,00; Junior Members $10,00; and Student 
Members $3.00. Dues of new members 
are pro-rated on a quarterly basis. 

Article C-II — Membership 

Section 1, Persons connected with the 
arts and sciences related to heating, venti- 
lating or air conditioning are eligible for 
admission into the Society. 

Section 4* A Member shall be over 
thirty (30) years of age and shall have 
more than eight (8) years’ experience in 
the sciences relating to the arts of heating, 
ventilating or air conditioning. He shall 
have been in active practice of his pro- 
fession and in responsible charge of im- 
portant work for four (4) years, consisting 
of design, construction, research, develop- 
ment or teaching, and shall be qualified to 
design or direct such engineering work. 

Section 5, A Junior Member shall be a 
person over twenty (20) years and under 
thirty (30) years of age, who has had three 
(3) years’ experience in the sciences relating 
to the arts of heating, ventilating or air 
conditioning. Each successfully com- 
pleted year in an engineering school may 
be considered equivalent to one (1) year 
of such work. 

Section 6, An Associate Member shall 
be twenty-five (25) years of age or over. 
He need not be an engineer, but must have 
been so connected with some branch of 
engineering or the art of heating, venti- 
lating, air conditioning or the industries 
relating thereto, that he may be considered 
as qualified to co-operate with heating and 
ventilating engineers in the advancement 
of professional knowledge. 

Section 7. A Student Member shall be 
a person between the ages of 18 and 25 
years, who is regularly attending courses 
in an engineering college or technical 
school at the time of applying for member- 
ship. 
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FOUNDING OF THE A. S. H. V. E. 

The organization of a Society of heating and ventilating engineers was first talked 
of by Hugh J. Barron and L. H. Hart in the early summer of 1894. 

On August 2, 1894, a group of 15 men met at the office of Heating and Ventilation, 
346 World Bldg., New York, and a committee of 5 was chosen to effect an organization. 

The first meeting was called at 3*00 p.m., September 10, 1894, at the Broadway 
Central Hotel and temporary officers were elected: F. P. Smith, Chairman', and L. H. 
Hart, Clerk, The roll call showed that 75 persons had become Charter Members. It 
was voted that the name of the organization should be The American Society of 
Heating and Ventilating Engineers and a Constitution and By-Laws were adopted. 
The following were elected to hold office until the 1st Annual Meeting, January 22-24, 
1895: President, E. P. Bates, Syracuse, N. Y.; First Vice-President, W. M. Mackay, 
Xew York, N. Y ; Second Vice-President, W. F. Wolfe, Boston, Mass.; Third Vice- 
President, Chas. S. Onderdonk, Philadelphia, Pa.; Treasurer, Judson A. Goodrich, 
New York, N. Y.; Secretary, L. H. Hart, New York, N. Y.; Board of Managers, E. P. 
Smith, H. J, Barron, A. A. Cary, New York; James A. Harding, Vineyard Plaven, Mass. ; 
Henry Adams, Washington, D. C.; Council on Membership, Chas. W. Newton, Balti- 
more, Md.; R. C. Carpenter, Ithaca, N. Y.; Albert A. Cryer, New York; V. W. Foster, 
Boston; U. G- ScoIIay, Brooklyn, N. Y. 


CHARTER MEMBERS OF THE SOCIETy 


Henry Adams 

C. F. Gessert 

Charles W. Newton 

Washington, D. C. 

New York, N. Y. 

Baltimore, Md 

Homer Addams 

Judson A. Goodrich 

Theodore C. Noithcott 

Washington, D. C. 

New York, N. Y. 

Elmiia, N. Y. 

Newell P. Andrus 

John Gormly 

Charles S. Onderdonk 

Brooklyn, N. Y. 

Philadelphia, Pa. 

Philadelphia, Pa. 

Hugh J. Barron 

James A. Harding 

John A. Payne 

New York. N. Y. 

New York, N. Y. 

Providence, R I. 

Thomas Barwick 

L. H. Hart 

John H. Pethenck 

New York. N. Y. 

New York, N. Y. 

Chattanooga, Tenn. 

Edward P. Bates 

Charles F. Hauss 

Geo. W. Plastow 

Syracuse, N. Y. 

New York, N. Y. 

Jersey City, N. J, 

Geo, C. Blackmore 

Jno. D. Hibbard 

Henry B. Prather 

Pittsburgh, Pa. 

Chicago, 111. 

Buffalo, N. Y. 

J. J. Blackmore 

WilHam H, Hill 

Leon H. Prentice 

New York. N. Y. 

New York, N. Y, 

Chicago, HI. 

L. R. Blackmore 

Geo. D. Hoffman 

D. M. Quay 

New York, N. Y. 

Chicago, HI. 

Chicago, 111. 

Samuel Bums 

Charles S. Hopkins 

Wm. A. Russell 

New York, N. Y. 

Rochester, N. Y. 

New York, N. Y. 

B. Harold Carpenter 

Alfred A. Hunting 

U. G. Scollay 

Wilkes Barre, Pa. 

Boston, Mass 

Brooklyn, N. Y. 

R. C. Carpenter 

Stewart A. Jellett 

Perdval H. Seward 

Ithaca, N. Y. 

Philadelphia. Pa. 

New York, N. Y. 

Albert A. Cary 

J. H, Kinealy 

Le Roy B Sherman 

New York, N. Y. 

St. Louis, Mo. 

New York, N. Y. 

Robert C, Clarkson 

Jos. A. Langdon 

Fied P. Smith 

Philadelphia. Pa. 

Pittsburgh, Pa. 

New York, N. Y. 

Geo. B. Cobb 

Chas, W. Light 

B. F. Stangland 

New York, N. Y. 

Saginaw, Mich. 

New York, N. Y. 

H. D. Crane 

H, E. Light 

Geo. P. Steel 

Cincinnati, Ohio 

Saginaw, Mich. 

Philadelphia, Pa 

Albert A. Cryer 

Chas. C. Lincoln 

Joseph M, Stoughton 

New York, N. Y. 

New York, N. Y. 

Yonkers, N. Y. 

T. B. Cryer 

C. K. Longenecker 

H. M. Swetland 

Newark, N. J, 

New York. N, Y. 

New York, N. Y. 

Mark Dean 

James Mackay 

Geo. H. Underhill 

Boston, Mass. 

Chicago, 111. 

Boston, Maas. 

John Demarest 

Wm. M Mackay 

T. J. Waters 

Boston, Mass. 

New York, N. Y. 

Chicago. III. 

Thos. J. Douglass 

A. S. Mappett 

J. R. Wendover 

Norwich, Conn. 

New York, N. Y. 

New York, N. Y. 

A. C. Edgar 

Wm. McMannis 

W. B. Wilkinson 

Philadelphia, Pa, 

New York, N. Y. 

New York, N. Y. 

Hermann Eisert 

George L. Mehnng 

James R. Willett 

Baltimore, Md. 

Chicago, HI. 

Chicago, III. 

John A. Fish 

Edward A. Muaro 

J. J. Wilson 

Boston, Mass. 

Brooklyn. N. Y. 

Troy. N. Y, 

Frank W. Foster 

Robert Munro 

Wiltsie F. Wolfe 

Boston, Mass. 

Pittsburgh, Pa. 

Boston, Mass. 
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Roll of Membership 

American Society of Heating and Ventilating Engineers 

1944 

(Corrected to January 15, 1944) 


HONORARY MEMBERS 

BALDWIN, WM, J. (1915) New York, N. Y. (Deceased May 7, 1924). 

BILLINGS, DR. J. S. (1896) New York, N. Y. (Deceased March 10, 1913). 
BOLTON, REGINALD PELHAM (1897) New York, N. Y. (Deceased February 
18, 1942). 

BRECKENRIDGE, L. P. (1020), North Ferrisburg, Vt. (Deceased August 22, 1940). 
GORMLY, JOHN (Charter Member), Norristown, Pa. (Deceased January 31, 1929). 
NEWTON, C. W. (Charter Member), Baltimore, Md. (Deceased August 6, 1920). 
HOOD, O. P. (1929), Washington, D. C. (Deceased April 22, 1937). 

JELLETT, STEWART A. (Charter Member), (Presidential Member), Philadelphia, Pa. 
(Deceased April 5, 1935). 


LIST OF MEMBERS Arranged Alphabetically 

(* Asterisk indicates authorship of papers; • indicates address for mail) 

(Jjri92J; A 1918; J 1916) indicates, Election as Member 1923; Associate 1918; Junior 1916. 
(Pres. 1923) indicates, Elected Picsulont in 1923 and is now a Presidential Meinbci. 


A 

ABBOTT, Furman S. (M 1913) En«rr., Krueger 
Brewing Co., 75 Belmont Ave., Newark, and 

• 36 Boulevard, Mountain LakeH, N. J. 
ABBOTT, Thomas J. {M lOJiH) Secy-Treas., 

• George C. Abbott, Ltd., .'52 Shaftchbury 
Ave., and 294 Oriole Pkwy, Toronto, Ont., 
Canada. 

ABRAMS, Abraham (A/ 1927 ; J 1924) IVes., 
Abbey Heating Co., Ine., HI (’entrc Ave., and 

• 100 Cl<»vo Rd., Now Uocholle. N. Y. 
ABRAMSON, Ralph J. (.1 1938) Oesiguer, 

Samuel It. Lewih, 407 S. Dcarliorn St., and 

• 1834 Pratt Ave., Chicago 26, 111. 
ACHENBACH, Paul R.*" {M 1942) Asst. Mwh. 

Engr., National Bureau of Standards, Wash- 
ington, JD. C., and *1912 N. Randolph St., 
Arlington, V«, 

ACKERMANN, Reynold M. 1943) Cons. 
Engr„ Charles S, lioopold. Consulting En- 
gineer, 213 S. Broad St., Philadelphia, and 

• 267 Cooper Ave,, Lnnsdowno, Pa. 

AOAIR, James S. (.1 1941 ; J 1940) Sgt., 1720 

Sherman St., Denver 6, Colo, 

ADAM, Kay W. (.4 1938) Owner, • W. A. Adam 
Co.* 8810 Grinnell Avt\, and 5911 OourviUe 
Ave., Detroit, Mleh, 

ADAMS* Bruce P. (A 1936) Gen. Mgr.,* Me- 
Donnell & Miller, 400 N. Michigan Ave., Chi- 
cago, and 2211 OrtH*nwo<)d A vo„ Wilmette, lU. 
ADAMS, Chester Z. (AJ 1939) Branch Mgr., 

• Ilg Electric Ventilating Co., 312 Piedmont 
Bldg., Box 1350, and 207 E. Avondale Dr„ 
Greensboro, N, C. 

ADAMS* Eugene B. (.1 1938) SaloN Engr., 

• Garden City Pan Co., 55 W. 42nd St , Room 
1508A* New York 18, and 35-46 79th St. 
Jackson Heights, L. I., N. Y. 


ADAMS, Eugene F. tV/ 1941) Res. Eiigr., J.F. 
Piitehurd & Co., Fourth and Jones Sts., and 
• 1227 South 52nd St., Omaha 6, Ncbr, 

ADAMS, Prank L, (M 1939) Htg.-Air Cond. 
Engr., • Public Service Co. of Colorado, 900 - 
16th St., Denver 2, and 1185 Grape St., Den- 
ver 7, Colo. 

ADAMS, H. E. iM 1930) Chief Engr., • The 
Nosh Engineering Co., South Norwalk, Conn, 

ADAMS, N. D. (M 1929; A 1925; J 1922), 
(Council 1938-40) Supt., • Franklin Heating 
Station, 220 Second Ave., S.W , and 955-14th 
Ave., S.W., R. 2, Rochester, Minn. 

ADDAMS, Homer (Charter Member; Life Mem- 
ber)^ {Presidential Mem bcO,( Pres., 1924; 1st 
Vice-Pres,, 1023 ; Treas., 1916-22; Council, 
1916-25). Pros., Kewanec Boiler Co., Inc., 
and Fitzgibbons Boiler Co., Inc., 101 Park 
Ave., New York, N. Y. 

ADDAMS, Paul K, [M 1943) Exec. Vice-Pre«. 
and Treas., • Pitzgibbons Boiler Co., Inc., 101 
Park Ave., New York 17, and 466 W. 23rd 
St., New York 11, N. Y. 

ADDINGTON, Harold M. iM 1939) Moch. 
Engr., • Stone and Webster Engineering 
Corp., c/o Milner Hotel, Knoxville, Tenn.* 
and Willow River, Minn. 

ADDINGTON. Herbert B. (M 1938) Consulting 
Engr., • IS East 37th St., New York, N. Y. 

ADEMA, (Seerge E. (M 1939) Prop., • N. M. 
Adema & Son, 39 W. Unicom St., Buffalo, 
and 299 DoerhurHt Pkwy., Kenmore, N. Y. 

ADDAM, T. Napier (M 1932) Vice-Pres. and 
Gen. Mgr,, Sarco Manufacturing Corp,, 475 
Fifth Ave., New York, N. Y„ and • 124 For- 
est Hill Kd., West Orange* N. J. 

AEBERLY, John J.^ (M 1928), (Council, 1937- 
39), Chief of Div. of Htg., Vtg. & Industrial 
Sanitation, Chicago Board of Health. 54 W. 
Hubbard Si., and * 6226 N. Newcastle Ave., 
Norwood Park, P. O., Chicago 31* 111, 
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AHEARN. William J. (A/ 192fl) • 791 Tremont 
St., Boston, and 181 Windermere Ed., Au- 
burndale, Mass. 

AHLFF, Albert A. (M 1923; A 1918) Special 
Repr.» Hajoca Corp., Box 7319, Philadelphia, 
and • 1521 Powder Mill Lane, Winnewood, 
Pa. 

AHRENS, Clarence F. (A 1940) Sales Engr., 
R. A- Dubuque Supply Co., 3DC0 Duncan 
A^-e., St. Louis 10, and • 4151 Toenget, Ave., 
St. Louis 16, Mo. _ 

AHRENS, Richard H. (A 1941) Tola, Kan. 

AINSWORTH, Samuel E. (A 1939) Partner, 

• Roche Newton & Co., Box 1049, and 1624- 
25th St., Lubbocl^, Texas. 

AKERS. Arthur W, (A 1940) 2 Horatio St., 
New York, N. Y. 

AKERS, George W. (M 1929) Comdr., U.S. 
N.R., • Repair OfBcer, U.S-S. Markab, c/o 
Fleet Post OfRee. San Francisco, Calif., and 
16625 Wocwiward Ave., Detroit, Mich. 

ALBRIGHT, C. Barton (A 1942 ; J 1938) Dir., 

• Industrial Services Associates, Consulting 
Engrs., 8 West 46th St., New York 19, and 
47 Gould PI,, Caldwell, N. J. 

ALEXANDER. Hugh V. (M 1943) Branch 
Mgr., • Johnson Service Co., 922 Architects 
Bldg., and 6700 Kingsley Dr., Indianapolis, 
Ind. 

ALEXANDER, Keith O. (M 1943) Sales Engr., 

• Neil H. Peterson Co., 1129 Folsom St., San 
Francisco, and 1515 Brester Ave., Redwood 
City, Calif. 

ALEXANDER, S. W. (M 1935) Pres., S. W, 
Alexander Co., Ltd., 182 Main St., and • 124 
Kingsmount Park Rd., Toronto, Ont., Canada. 

ALPERY, H. F. (M 1938) Engr., Michael 
Yundt Co., 225 N. Grand Ave,, Waukesha, 
and • 1819 W, Center St., Milwaukee, Wis. 

ALGREN, Axel B.* (M 1930) Regional Chief 
Engr. of Training, War Manpower Comm., 
622 Midland Bank Bldg., and • 6109-17th 
Ave. S., Minneapolis, Minn. 

ALLAN, William (A 1938) Pres., • Allan Engi- 
neering Co., 724 E. Mason St., Milwaukee 2, 
and 2736 N- Farwell Ave., Milwaukee 11, 
Wis, 

ALLEN. A. Walter (M 1936) Sales Engr.. 

• Pease Foundry Co., Ltd., 161 Glen Ave., 
Ottawa, Ont,, Canada. 

ALLEN, DeWitt M. (M 1936 ; J 1922) Central 
Dist, Mgr., • Hg Electric Ventilating Co., 810 
Board of Trade Bldg., Kansas City 6, Mo., 
and 3924 Cambridge, Kansas City, Kan, 

ALLEN, J. Lloyd (M 1944) Partner, • Allen & 
Kelley, Archts., 333 N. Penn, and 66-99 N. 
Delaware, Indianapolis, Ind. 

ALLEN, William A, (A 1938) Pres., • Sprague 
& Sprague, Inc., 6230 Penn Ave., and 216 
Hilands Ave.. Pittsburgh, Pa. 

ALLEN. William W. (A 1936) Pres., American 
Coolair Corp,, Box 2300, Jacksonville, Pla. 

ALLISON. Robert E. (A 1941) Owner, • Ameri- 
can Sheet Metal Co., 601 First Ave., and 
7069 Fairdale. Dallas, Texas. 

ALLONIER. Howard R. (A 1936) Dist. Mgr.. 

• J. J. Nesbitt, Inc., 243 N. High St,, Cohim- 
hus, and R. D. No. 1, Powell, Ohio. 

ALLSOP, Rowland P. (A 1940 ; J 1934) Con- 
sulting Engr., • 1221 Bay St, Toronto, Ont. 
and Stop 21 Kingston Rd., Scarborough 
Bluifs, Ont, Canada. 

ALT, Harold L.* (M 191^ Constr. Engr., 
Frederick R. Harris, 27 William St, New 
York, and • ll6-27-225th St, St^ Albans, 
L. L, N, Y. 

ALTEMITELLEB, George P. (A' 1940) Staff 
SupvT., in charge of Ventilation, Dept of 
Hulls, North Carolina Shipbuilding Co., 
Wilmington, and • 2601 Highland Ave., Dur- 
ham, N. C. 

A^AREE, Joaquin (J 1942) Engr,, Frick COw, 
Wayneshcoo, Pa. 


AMBROSE, Alfred H. {J 1943 ; S 1941) Junior 
Engr., Curtiss-Wright Corp., Buffalo, N. Y., 
and • 15 River St, Woodstock, Vt 
AMBROSE, E. R. (M 1940) Htg., Vtg. and Air 
Cond. Engr., • American Gas & Electric 
Service Corp., 30 Church St, New York, N. 
y., and 615 Springfield Ave., Cranford, N. J. 
AMMERMAN, Andrew S., Jr. (A 1941 ; J 1987) 
Dist Mgr., • Aerofin Corp,, 111 W, Washing- 
ton St., Chicago 2, and 132 N. Wolf Rd., 
Des Plaines, 111. 

AMMERMAN, Charles R. (M 1916) Chief, 
Priorities Branch, Liaison Staff for Supply, 
Office of the Chief of Transportation, W. D., 
1 0 667 Pentagon Bldg., Washington 26, D, C., 
and • 605 Upland PL, Alexandria, Va. 
ANDEREGG, R. H. (M 1920) Vice-Pres and 
Chief Engr., The Trane Co., and • 450 Losey 
Court, LaCrosse, Wis. 

ANDERSON, Carl G. (M 1942) Chief DeveL 
Engr., Chicago Metal Hose Corp,, 840 N. 
State St, and • 50 N. Edison St., Elgin, 111. 
ANDERSON, Carroll S. (M 1920) Dist Mgr., 

• American Blower Corp., 1106 Architects 
Bldg., Los Angeles 13, and 4267 Holly Knoll 
Dr., Hollywood 27, Calif. 

ANDERSON, David B.* (A 1939; J 1936; 
S 1983) Lt (i.g.) U.S.N.R. and • 1999 Pine- 
hurst Ave., St Paul, Minn. 

ANDERSON, Edwin J. (/) 1939) Mfrs. Agent, 

• Chicago Pump Co , 14 Smith St, Detroit 2, 
and 274 Lenox, Detroit 15, Mich. 

ANDERSON, Edwin L. (M 1941 ; J 1930) Asst 
Constr. Engr., Curtiss-Wright Corp., Pro- 
peller Div., Caldwell, and • 63 Oakridge Rd„ 
Verona, N. J. 

ANDERSON, ESnar (A 1940) Sales Engr., 
Vulcan Iron Works, Ltd., Sutherland and 
Maple St, and • 162 Bannerman Ave., 

Winnipeg, Man., Canada, 

ANDERSON, George A. M. (A 1939 ; J 1986) 
Pres., • King Ventilating Co., and 717 S. 
Cedar, Owalonna, Minn. 

ANDERSON, Granville W. (A 1943) Service 
Engr., • Koppers Coal Division, 1217 Ford 
Bldg., Detroit 26, and 5096 Burns Ave., 
Detroit 13. Mich. 

ANDERSON, John W. (A 1944 ; J 1987) Design 
Engr., Titeflex Metal Hose Co, 500 Freling- 
huysen Ave., Newark, and • 621 Westminster 
Ave., Elizabeth, N. J. 

ANDERSON, Sydney, Jr. (A 1943) Dist. Engr., 

• Chrysler Airtemp Sales Corp., 925 Bowen 
Bldg., Washington, D. C., and 4824 Chevy 
Chase Blvd., Chevy Chase, Md, 

ANDREWS, Wflliam G. (A 1941) Mach., Power 
Plant Supt, U. S. Naval* Air Station and 

• 8370 N. E. 4th Court, Miami, Fla. 
ANDREW)S> WiUiam M. (M 1941) Partner, 

• Lockwood & Andrews, 904 Union Notional 
Bank Bldg., and 2254 Shakespeare, Houston, 

ANDREWS. WiUiam R. (M 1942) Asst Mgr., 

• Ross Engineering of Canada, Lid., 920 
Dominion Square Bldg., and 8770 Cote St. 
Catherine Rd., Montreal, <iue., Canada. 

ANGERMEYER, Albert H, (A 1936) Owner, 

• A. H. Angermeyer, Plumbing 4c Heating, 
119 N. Commercial St, and 245 Webster St, 
Neenah, Wis, 

ANGUS, Prank M. (M 1937) Asst Mgr. Refrig. 
Div„ Hussmann-Ligonier Co., and • 7428 
Stanford. University City, Mo, 

ANGUS, Harry Tl.* (M 1918), (Council, 1927- 
29). Consulting Engr., 1221 Bay St, and 

• 34 Farnham Ave., Toronto, Ont,, Canada. 
ANOFP, Seymour M. (J 1940) Asst Mech. 

Engr., Army Air Forces, Materiel Com- 
mand, Engrg. Div., Power Plant Lab,, Wright 
Field, and • 2311 Davue Circle, Apt 8, Day- 
ton 6, Ohio. 
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ANSPACHEK, Thomas H. (M 1939; J 1936) 
0ist. Mt'r., • Buffalo Forge Co., Tower Petro*- 
leum Bldtr., D.nllas 1, and 4512 Arcady, 
Dallas, Texas. 

ANTHES, Lawrence L. (A 1935) Pres., • Im- 
perml Iron Corp., Ltd., 30 JofTerson Avo., 
and 119 Dowling Ave., Toronto, Ont., Canada. 
AN WAY, H, Wilbur {M 1943) Research Physi- 
cist, • Wood Convcrsiion Co., Arch St., and 
1012 I'rospecl Ave., Clofiuet, Minn. 

APPERT, R. J. (A 1944) Product Engr., 

• Kimberly-Clark Corp., and 662 Grove, 
Neenab, Wis. 

APT, Sanford R. (M 1936) Mech. Engr., » 
Parsons, Brinckerhoff, Hogan and Mac- 
donald, 142 Maiden Lane, New York?, and 

• 36-39-205th St, Bayside, L. I., N. Y. 
ARCHAMBAULT, Joseph A. (A 1939) Branch 

Sales Oflice Mgr,, • 0. A. Dunham Co., Ltd., 
22 Wellington St. N., Room 17, and 65A 
Council St, Sherbrooke, Que., Canada. 
ARCHER, David M. (M 1934) Sales Repr., 

• SarcQ Co., Inc., 143 Federal St, Boston 10, 
and 10 Harding Ave., Braintree, Mass. 

ARENBERG, Milton K. (A 1920) Prea., 

• Robert Barclay, Inc., 122 N. Peoria St, 
Chicago?, and 141B Wildwood Lane, High- 
land Park, 111. 

ARGUE, E. J. (A 1935) Sales Engr., Anthes 
Foundry, Lt<L, Sa!}katch<“\van Ave., and 

• 773 MacMillan Ave,, Winnipeg,, Man., 
Canada. 

ARMBRUSTER, Frank T. W. (M 1936) Prod. 
Planning Engr., Curtiss- Wright Corp. (Aero- 
plane Div.), 41J0U E. Fifth Avo., Columbus, 
and • 106 First Ave., Waverly, Ohio. 
ARMISTEAD, William C. (M 1037) Sales Engr., 

• 2(16 Church St, Nashville, and Granny 
White Pike, Brentwood, Tonn. 

ARMOUR, Edson G. (J 1940; S 1939) Royal 
Canadian Air Force, Overseas, and • 55 
Sheridan St, Brantford, Out, Canada. 
ARMSPACH, Olio W,* {M 1919) Consulting 
Eni?r,, 221 N. LaSallo St, Chicago, and • 205 
S. Summit Ave., Villa Park, 111. 
ARMSTRONG, Charles E. (M 1939) Chief 
Engr., • Armstrong Host Control 0o’„ 628 
Soul boast 39ih Ave., i^ortlnnd, Ore. 
ARMSTRONG, Clyde C. (A 1941) • FrigJdaire 
Div., General Motors Sales Corp., 824 Mul- 
berry St., Dayton, Ohio. 

ARMSTRONG, Waller J. (M 1938) Consulting 
Enivr., •1010 St. Cathorino St W., Montreal, 
and 15 Willow Ave., Westmount, Que., Can- 
ada. 

ARNDT, Heinrich W. (A 1935) Inspector, 
Plumbing and Heating, U. S. Engmecring 
Dept., Danial Field Airbase, and • 2034 
Wrlghtshoro Ed., Augusta, Ga, 

ARNOLD, Robert S. (A 3926; J 1022) Owner, 
Robt. Arnold Sab's ^ Engineering Co., 409 
Otis Bldg., I>biJadclphia, and • Haverford 
Mansioufl, Havorford, I’a, 

ARONSON, Henry H. (.1 1039 ; J 1929) Pvt, 
U. S, Army, 58»rd MPEG Co,. Ft. Ouster, 
Mii’h., and • 0146 Winthrop Ave., Chicago 
40, 111. 

ARROWSMITM, J. O. (M 1934) Asst Supt. 
of Works, • Ontuidinn Kodak Co,, Ltd., and 9 
Humberview Ud., Toronto 9, Ont, Canada, 
ARTHUR, John M., Jr. (M 1923) Div. Mgr., 
Lighting, Steam and Comm. Service, • Kan- 
sas Oily Power & Light Co,, 1330 Baltimore 
Ave., Kanwas Clly Id, Me., and 3311 State 
Ave.. Kansas City, Kun. 

ARVIDSON, Ernest R. (M 1943) U. (jg) U.S. 
N.Rm Farragut hi. 

ARZET, Prod A. (A 1944) Foreman and Dust 
CoUection MainUmance, Allison Division, 
General Motors Corp., and • 5018 Evaziston, 
Indianapolis, Xnd, 


ASH. Robert S. (A 1943; J 1940) Lt (jg) 
Public Works Office, U.S. Naval Training 
Sta., Great Lakes, and • 7423 Rogers Ave., 
Chicago, 111. 

ASHCRAFT, Joe P. (A 1943) Br. Mgr., Min- 
neapohs-Honeywell Regulator Co., 1907 Fed- 
eral St, and • 2826 Fondren Dr., Dallas, Tex. 
ASHLEY, Carlyle M.*' (M 1931) Dir. of Devel- 
opment, • Carrier Corporation, S. Geddes St, 
Syracuse, and 22 Lynacres Blvd., Fayette- 
ville, N. y. 

ASHLEY, Edward E. (M 1912) Partner, 

• Edward B. Ashley, Consulting Engr., 10 E. 
40th St,. New York 16, N. Y., and Noroton 
Heights, Conn. 

ATHERTON. Alfred E. (A 1937) Dir., • A, E. 
Atherton & Sons Fty., Ltd., 383 Latrobe St., 
Melbourne, and 39 Esplanade, Elwood, Vic- 
toria, Australia. 

ATHERTON, George R. (M 1930) Exec. Dept, 
The Trane Co., LaCrobse, Wis„ and • 177 N. 
Illinois Avo., Batavia, 111. 

ATKINS, George E. (M 1941) Consulting Engr., 
1308 Hobart Bldg., San Francisco, and * 64 
Oak Ridge Rd., Berkeley, Calif. 

AUSTIN. William H. (A 1943; J 1940; S 1937) 
Lt (jg) U.S.N.R.. U.S.N.O.B., Dutch Harbor, 

AVERY, Lester T. (M 1934) Pres,, Avery Engi- 
neering Co., 1006 Euclid Ave., Cleveland 16, 
and • 21149 Colby Rd., Shaker Heights, Ohio, 
AXEMAN, James B. (M 1982 ; A 1931 ; J 1926) 
Gen. Sales Mgr., • Spencer Heater Div., The 
Aviation Corp., 164 Park St, and 1328 Wood- 
mont Ave., Williamsport, Pa. 

AY, Edward L. (A 1943 ; J 1940) Asst. Air 
Cond. Engr., Library of Congress, Second 
and Pennsylvania Ave. S.E., Washington, D. 
0., and • 17 Mallow Hill Ave, Baltimore, Md. 

B 

BABCOCK, Paul R. (M 1941) Consulting Engr., 
G. M. Simonson, 625 Market St, San Fran- 
cisco, and * 328-24th St, Oakland, Calif. 
BABER, John E. (A 1940) Lt U.S.N.R., • U.S.S. 
Cushing, c/o Postmaster, New York, N- Y., 
and 1408 Indopondonce Bldg., Charlotte, N- C. 
BACHMAN, Fred tM 1930) Owner • Fred 
Bachman, 1608 N. Carlisle St., Philadelphia 
21, and 906 Bell Ave., Yeadon, Pa. 
BACHMANN, Arthur J. (J 3040 ; S 1930) U. S. 
Army, and • 69-38- 69th Ave., Ridgewood 27, 
N. Y. 

BACHOFER, Henry A., Jr. (A 1942; J 1038) 

• T/Sgt, 983rd Bombardier Ti*ng. Sqdn., 
V.A.A.F., Victorville, Calif., and 534 S. 
Eighth St., Salina, Kan. 

BACKSTROM, Russell £.»• (A 1031; J 1928) 
Mgr., • Ind, Dept., Wood Conversion Co., 
W1HS6 Fh-st National Bank Bldg., St Paul 1, 
and 1655 Hillcrest Ave., St Paul 6, Minn. 
BACfvUB, Thwidore H. 1.. (M 1916) Schumacher 
& Backus, 200-208 Hill St, and • 1018 
Vaughn Si., Ann Arbor, Mich. 

BACON, WUIiam H., Jr. (A 1942) AuU»motive 
Engr., Tide Water Associated Oil Co., Bay- 
onne, and * 2351 Seneca Rd„ Weatneld, N. J. 
BADE, liudolph E. (il/ 1943) Dirtt Mgr., * B. 
F. Slurtevant Co., 1102 Commerce Bldg., 
and 6703 Oak St„ Kansas City, Mo. 
BADGETl', W. Howard* (M 1937 ; J 1932) Lt 
Col., • Chief, Enlisted Personnel Branch, 
Hdq., 8th Service Command, Dallas 2, and 
610 Reiibud Lane, (Sarland, Texas. 

BADHE, Jaikrishna M. (A 1940) Asst Engr., 

• Volkart Bros., Ballard Estate, Bombay, and 
Flat No. U, “Palm View,'* Gokhale Rd., Da- 
dar, Bombay, India, 

BAECHLIN, Alfred C., Jr. (M 1942) Engr.. 
Western Electric Co., 717 Avenue A, and 

• 715 Avenue 0, Bayonne, N. J. 
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BAGGALEY, Walter 1938) Advisory Engr.. 
Res^rch Div., • The Austin Co., 16112 
Euclid Ave , Cleveland 12, and 3390 Glen- 
cairn. Rd.g Shaker Heights 22, Ohio. 

BAHNSON, Frederic F.* (M 1917) Consulting 
Engr., The Bahnson Co„ Pres., Southern 
Steel Stampings, Inc,, and • 28 Cascade Ave., 
Winston-Salem 6, N. C. 

BAIliET. Alb^t E.> Jr. (.4 1938) Sales Engr., 
Frigidaare Div., General Motors Corp., 29 
Franklin Rd., and • 200 Westover Ave., 
Roanoke, Va. 

BAILEY, Charles F. {J 1939) Newport News 
Shipbuilding & Drydock Co., Newport News, 
and • Windsor, Va. 

BAILEY, Frederick A., Jr, (A 1939) Prop,, 

• Bailey’s, 130 King St., and 70 Warren St., 
Charleston, S. G. 

BAILEY, J. L, (A 1940; J 1930) Asst Chief 
Engr., • Parks-Cramer Co., Box 946, Chair- 
lotte 1, and 1705 Fountain View Ave,, 
Charlotte, N. C. 

BAIRD, Floyd E. (M 1929) So. Dist Mgr.. 

• The Trane Co., 314 Palmer Bldg., Atlanta 3, 
and 400 Campbell Hill, Marietta, Ga. 

BAKER, Donald L. (A 1940) • U. S. Engrg. 
Dept, e/o Post Engineer, A.P.O, 846, Post- 
mast^, N. Y., and 1931 Chapel St, New 
Haven, Conn. 

BAKER, Harold S. (A 1937) Sales Engr., U. S. 

E. D., Camp Haan, and • 3993 Third, P. O. 
Box 201, Riverside, Calif. 

BAKER, Harry L., Jr. {A 1943; J 1985) Lt 
<j.g.) U.S.N.R., Amphibious Force, Pacific 
Fleet, and • 948 Oakdale Rd., Atlanta, Ga. 

BAKER, 1. C. (M 1921) Vioe-Pres., • Chrysler 
Corp., Airtemp Div., 1119 Leo St, Dayton 1, 
and 262 E. Monteray Ave., Dayton 9, Ohio. 

BAKER, Roland H. (M 1928 ; A 1924) Comdr., 
tj.S.N.R., Machinery Supt., Navy Yard, Navy 
No. 128, c/o Fleet P.O., San Francisco, 
Calif. 

BAKE]^ Thomas (M 1938) Chief Engr., Con- 
solidated Conditioning Corp., 460 S. Tenth 
Ave., Mt Vernon, and • 660 E.. 242nd St, 
New York, N. Y. 

BAKER, T. A. (M 1942) Vice-Pres., • Baker 
Specialty & Supply Co„ 701 Erie Ave., and 
2205 E. Broadway, Logansport Ind. 

BAKER, WiUiam H., Jr. (A 1985) Gen. Sales 
Dept, • American Radiator & Standard 
Sanitary Corp., P. 0. Box 1226, and 221 
Buchanan P1-, Pittsburgh, Pa. 

BAKKE, George V. (J 1944; S 1943) Jr. Mech. 
Engr., Industrial Dept., Puget Sound Navy 
Yard, and • West End Dorm. 662, Bremer- 
ton, Wash. 

BALDWIN, Karl P., Jr. (A 1941; J 1938) 
Head of Htg. Dept, W, D. Peugh & Asso- 
ciates, Pleasanton, and • 691 The Alameda, 
Berkley, Calif. 

BAJUL, F. T. (A 1940) Dept Mgr., The Can 
nadian Fairbanka-Morse Co., Ltd., 324 Main 
Bt, Winnipeg, Man., Canada. 

BALL,^ William (A 1936) Pres., • Interstate 
Heating & Plumbing Co., 521 Southwest 
Blvd., Kansas City, Mo., and 1026 Shawnee 
Rd., Kansas City, Kan. 

BALIjAGH, a* Bruce {J 1943) Sales Engr., B. 

F. Sturtevant Company of Canada, Ltd., 137 
Wellington St, W-, and • 28 Nursewood Rd., 
Toronto, Ont , Canada. 

BALLANTYNE, George L. (A 1936) Royal 
Canadian Air Force, and • Crane, Ltd., 1170 
Beaver Hall Sq., Montreal, Que., Canada. 

BALLBfAN, WiUiam H. (M 1937) Plant Mgr., 
Dehydration Div., Deerfield Packing Corp., 
and • 64 Bank St, Bridgeton, N. J. 

BALSAM, ChaHes P. (M 1982) Gen. Mgr., 
National Home Equipment Co., 60 Church 
St, New York, and • 324 Fourth St. 
Brookizm, N. Y. 


BAMOND, Manuel J. (M 1936) Engineer, 

• Barber-Golman Co., 221 N. LaSalle St, and 
6869 Winthrop Ave., Chicago, 111. 

BANACH, Casimer J- (J 1939) Chief Drafts- 
majn, Johnson Pan & Blower Corp.. 1319 W. 
Ijake St, Chicago?, and • 817 W. Agatite 
St, Chicago 40, 111. 

BANKS, John B. (A 1937) Branch Mgr., 

• Minneapolis-Honeywell Regulator Co., 122 
N. E. Broadway, Portland 12, and 4030 
N- E. Wistaria Dr., Portland 13, Ore. 

BANOWSKY, Aubra B. (M 1938) Commercial 
and Industrial Sales Mgr., United Gas Corp., 
P. O. Box 2628, Houston 2, and • 8736 Ingoid, 
Houston 5, Texas- 

BARBIERI, Patrick J. (A 1943; J 1936; 
S 1933) Air Cond. Engr., Armo Cooling & 
Ventilating Co„ 30 West 16th St, and • 2237 
Belmont Ave., New York, N. Y. 

BARKER, M* Stanley (A 1943) Engr., Carrier 
Corp., and • 206 Morton St., Syracuse, N, Y. 
BARLOW, F. John (J 1943) Htg.-Vtg. Engr., 
A. O. Smith Corp., 3533 North 27th St , and 

• 2603 North 70th St, Milwaukee 13, Wis. 
BARNARD. M. Everett (A 1931 ; J 1929) Sales 

Engr., • Carrier Corp., 12 S. 12th St., Phila- 
delphia 7, and 380 Vernon Rd., Philadel- 
phia 19, Psu 

BARNES, Arthur F. (M 1920) Owner, • Texas 
Engineering Co., 602 Kirby Bldg., Houston 2, 
and 3015 Jarrard St, Houston, Texas. 
BARNES, Arthur R. (M 1924) Engr., • U. S. 
Supply Co., 1316 W. 12th St, and 326 B. 
70th Terrace, Katosas City, Mo. 

BARNES, Hugh S. (J 1940) Major, 23 Mastick 
St, Savannah, Ga. 

BARNES, Lewis L. (M 1948 ; A 1942 ; J 1937) 
Air Cond. Engr., Carrier Atlanta Corp., 848 
Peachtree St, and • 8995 N. Stratford Rd., 
Atlanta, Ga. 

BARNES, N. W. (A 1940) Sales Repr., • The 
Pulton Sylphon Co.> 668 Wrigley Bldg., and 
505 N. Michigan Blvd., Chicago, 111. 
BARNES, Raymo-nd W. (M 1939) Cons. Engr., 
810 Insurance Bldg., San Antonio 5. and 

• 1208 N. Main Ava, San Antonio 2, Texas. 
BABiNES, Walter E. (Af 1983) Pres., Barnes & 

Jones, Inc., 128 Brooks>ide Ave., Jamaica 
Plain 30, (Boston), and • 7 Woodlawn Ave.. 
Wellesley Hills 82, Mass. 

BARNETT, Harry (M 1942) Chief Engr., The 
Powers Regulator Co., 2720 Greenview Ave., 
Chicago, and • 923 Vernon Ave., Glencoe, 111. 
BARNEY, WiUiam E. (M 1936) Mgr., • Hy- 
draulic-Press Brick Cq„ South Park, and 4929 
E. 108th St, Cleveland, Ohio. 

BARNEY, WiUiam J. (J 1941) Purchasing 
Agent, Peabody Engineering Corp., 39 Maple 
Ave., Glenbrook, and • 213 West Ave,, Dar- 
ien, Conn. 

BARNUM, W. B., Jr, (M 1938; J 1930) Branch 
Mgr., • York Corp., 4660 E. Marginal Way, 
Seattle 4, and 7048-52nd Ave, N.E., Seattle 
6, Wash. 

BARR, George W. (Life Member; M 1906) 
(Board of Governors, 1910), Dist. Mgr., 

• Aerofin Corp., 2030 Land Title Bldg., Phila- 
delphia 10, and Woods End, Villa Nova, Pa. 

BARRETT, Campbell M. (A 1941) Canadian 
Service, and • Newton, Ont., Canada. 

BARRY, Patrick L (M 1920) Managing Dir., 

• M, Barry, Ltd., 4 Marlboro St., and 8 Sid- 
ney Park, Cork, Ireland. 

BARTELS, Charles J. (M 1942) Owner, ♦ Auto- 
matic Stoker & Engineering Co., 207-8 Rich- 
ardson Bldg., and 1416 Washington Ave., 
Parkersburg, W. Va. 

BARTELS, Everett M. (A 1941 ; J 1939) Aaso. 
Mech Engr., Navy Dept, Bureau of Ships, 
Washington, D. C., and • 1708 N. Quebec 
St., Arlington, Va. 
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BARTH, Herbert E. (M 1920) Vice-Pres., 

• Ameiican Blower Corp., P. O. Box 68, 
Roosevelt Park Annex, Detroit 32, and 15 E. 
Kirbj Ave , Detroit 2, Mich. 

BARTH, John W. (A 1943 ; J 1939) Douglas 
Aircraft Corp., and • 340 Olive Ave., Long 
Beach, Calif. 

BARTLETT, Amoa C. (M 1919) Mgr,, Htg. and 
Vtgj. Dept., • B. P. Sturtevant Co., Hyde Park, 
Boston, and 22 Weston Ave., Braintree, Mass. 

BARTLETT. C. Edwin (M 1922) Pres., • Bartlett 
& Co., Inc., 201 South 42nd St., Philadelphia 4, 
and 3111 W. Coulter St., Philadelphia 29, Pa. 

BARTLEY, Henry E. (M 1938) Dir. and Works 
Mgr., Matthews & Yates, Ltd., Cyclone 
Works, Swinton, and • The “Grange,** Hos- 
pital Rd., Pendlebury, Lanes., England. 

BARTON, Fred C. (M 1943) Supervisory Mech. 
Engr., Allison Engineering, and • 1329 West 
34th St., Indianapolis, Ind. 

BARTON, Jay {M 1937) Barton Engmeering 
Co , 416 Stephenson Bldg., Detroit 2, Mich. 

BASHAK, Cihat M. (J 1948) Mech. Engr . 

• Zenith Carburetor, 63 Longfellow, Detroit, 
Mich., and Istanbul, Turkey. 

BASSETT, James W. {A 1938) Sales Engr.. 

• McQuay Inc., 2832 B. Grand Blvd., Detroit , 
and 143 Merrill Si., Birmingham, Mich. 

BASTEDO, A, E. (M 1919) Vice-Pres., Treas., 
and Gen. Mgr., • Burnham Boiler Corp., Irv- 
ington, and Hastings-on-HudHon, N. Y, 

BASTEDO, George R. (A 1942 ; J 1987) Ensign, 
U.S.N.R., and • 102-3C-86th Rd., Richmond 
Hill, L. I., N. Y. 

DATES, John H. (J 1941 ; S 1939) U. S. Army, 
and • 1313 W. Lehigh, Philadelphia, Pa. 

RATTAN, S. W. (M 3940) Engr., • Rattan’s, 
Avondale, and 9 Pennsylvania Ave., Kennett 
Square, Pa. 

BADER, Albert B. (M 1936) Chief Engr., Slain- 
Jo"H & steel Products Co., 1000 Berry Ave., 
and • 69 S. Victoria St., St. Paul, Minn. 

BAUM, Albert L. (M 1916) Member, • Jaros, 
Baum & BolloH, 416 Lexington Ave., New 
York 37, and 600 West Tilth St., New York 
26. N. y. 

BAITMGARDNER, C. M. iM 3928) Branch 
Mgr., • U, S. Radiator Corp., 3264 N. Kil- 
oourn Ave., Chicago 41, and 416 Cumnor 
Kd., Kenilworth, 111. 

BAXTER, H. A, (A 1944) Sales Mgr., W. H. 
Cunningham & Hill, Ltd,, 269-71 Richmond 
St., W., and • 98 Castlewood Rd., Toronto, 
Ont,, Canada. 

BAXTER, Julian P. (M 1942) Pres., • Auto- 
matic Coal Burning Corp,, 499 Peachtree St., 
and 102 Wakefield D'r., Atlanta, Ga. 

BAXTER, Julian P., Jt. (.1 1941) Vice-Pres.. 
and Suk's Mgr., ♦ Automatic Coal Burning 
Corp., 499 Peachtree St„ and 197 Brighton 
Rd. N.K . Atlanta. Oa. 

BAXTER, William B. (A 1939) Pres., • W. E. 
Baxter, Ltd., 2200 Hingston Ave,, Montreal, 
and 89 61bt Ave., Lachine, Que., Canada. 

BAY, Charles H. (A 1938) In charge of Steam 
Sale,'!, ♦ Detroit Edison Co., 2000 Second Ave., 
Detroit, and Woodward Ave., Bloomfield 
Mich. 

HAYLES, Robert W, (A 1940) Sales Mgr., 
Jndust, Plbg. and Htg. Div., The James Mor- 
mon itrass Manufacturing Co„ Ltd., 276 
King St, W., and * 34 Gormlcy Ave., Toronto, 
Ont., t'anadu. 

BAZZONl, Joseph P. <A 1942) Mech. Engr., 
r, S. Engineers, Gulfport, Miss., and • Route 
2 (Klnwn, HI. 

BEACH, Ralph L. (M 1942) Cons, Engr., 
Eastern Constr. Div., • York Corp., 1238 N. 
44th St„ Philadelphia, Po., and 2035 Me- 
Limdon Ave, N.E., Atlanta, Ga. 


BEACH, Walter R. (A 193G) 8436 Fountain 
Ave., Hollywood 46, Calif. 

BEALS. Dowell E. (M 1941 ; J 1940) Gen, Mgr., 
Mechanical Contractors, Associated, Okla- 
homa Aircraft Assembly Plant, 2206-07 First 
Nat'l. Bank Bldg., and • 1224 ^uthwest 27th 
St., Oklahoma City, Okla. 

BEAN, George S. (A 1936) Mgr.. Stoker Div , 

• North Western-Hanna Fuel Co., 2196 Diii- 
versity Ave., St. Paul, and 4949-161 h Ave., 
Minneapolis, Minn. 

BBARMAN, Alexander A. (M 1937) Engr., 

• 20th Century-Fox Film Corp., 444 W. 66th 
St., New York, and 47 Edward St., Baldwin, 
N. y. 

BEATTIE, James (A 1940) Htg. Contr., Jam<*s 
Beattie, 17216 Greenlawn Ave., Detroit, Mich. 

BEATTY, John W. (J 1943; S 1941) Problem 
Analyst, R.C.A. Victor, Second and Cooper 
Sts., Camden, and • 45 Merion Rd., Merchant- 
ville, N. J. 

BEAURRIBNNE, Auguste* (Lije Memh,u ; 
M 1912) (Mail Returned) 

BEAVERS, George R. (M 1929) Chief Engr., 
Canadian Blower & Forge Co., Ltd., Wood- 
side Ave., and • 230 Cameron SI. N., Kitch- 
ener, Ont., Canada. 

BECHTOL, J. J. (A 1942 ; J 1937) Prod. Mgr., 
Russell R. Gannon, Mfg. Div., 715 Gwynne 
Bldg., and * 1282 Quebec Rd., Cincinnati $, 
Ohio. 

BECKER, C, S. (M 1939) Chief, High Pressure 
Blower Section, General Industrial Equip- 
ment Div, War Production Board, Washing- 
ton, D. C., and • 10306 Lorain Ave., North- 
wood Park, Silver Spring, Md. 

BECKER, George E. (A 1943) Sccy.-Treas. 
(Service Mgr.) Frigid Refrigerator Service 
Corp., 3282 Olive St., St. Louis, Mo. 

BECKER, Roger K, {M 1938) Asst. Gen. Mirr., 
Ohio Valley Hardware & Roofing Co., 3017 
E. Powell Ave., Evansville 13, Ind. 

BECKER, Roy F. J. (A 1943) Pres,, • Oil 
Burner Service Co„ 8X5 W. Lake St., and 
3917 Garfield Ave., S., Minneapolis, Minn. 

BECKER, Walter A. [m 1935) Sales Engr., 

• Grinneil Co., Inc., 4426 S. Western Ave,* 
and 6728 N. Rockwell St., Chicago, 111. 

BECKWITH, F. J. (M 1940) Htg. and Vtg. 
Engr., Henley & Beckwith, 314 Riverside 
Ave., and • R. F. D. 1, Box 160, Jacksonville, 
Fla. 

BEEBE, Frederick E. W* {Life Member \ 
A 1916) Retired, Johnson Service Co., New 
York, N. y., and * 20 Denman PI„ Elizabeth, 
N. J. 

BEERS, Louis N. (A 1942) Mgr. Heating Dept., 
W. T. Andrew Co., 16816 Hamilton Ave., 
and • 5761 Linwood Ave., Detroit, Mich. 

BEERY, ainton E.* (M 1913) Pres., Heat 
Fuel Engrg. Co,, Inc., 1454 Hood Ave„ Chi- 
cago, 111, 

BEGGS, W. E. (M 1927) Owner, W. K. Beggs 
Co., 416 Bell St„ and • 2580 W. Viewmorit 
Way, Seattle, Wash. 

BEHRER, William H., Jr. (A 1942) Htg. and 
Air Cond. Salea and Engrg, I^iyout, • Behrer 
Nason Co., Roslyn Rd. and Second St, Mine- 
ola, and 280 Main St., Northport, L, L, N. Y. 

BEIGHBL, H, A. (A 1927) Owner, • Allegheny 
Engineering Oo., 608 Columbia Bldg,, Pitts- 
burgh, and 207 Puritan Rd., Rosttlyn Farnih, 
Carnojde, Pa. 

BEITZELL, Albert E. (A 1933; J 1930) Vioe- 
Pres., Combustioneer Corp., 409 Tenth St. 
S.W„ Wnahington, D. C., and • 0701 N. Cen- 
tral Ave., Chevy Chiise, Md, 

BEDFORD, Lottia duB. (A 1940) Mgr. Western 
Div., Aeronautical Div., Minneapolia-Honey- 
well Regulator Co., 162 S, Beverly Dr., and 

• 9834 Charlcville Blvd., Beverly IUIIh, Calif. 
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BELING, Earl H.‘ (M 1036; A 1930, J 19$i5) 
Owner, Belins Engrineerin? Co., 406 State 
Trust Bide-, Moline, and 613 Lehmann Bldg., 
Peoria, and ♦ 2428-1 3th St., Moline, 111. 
BELL, E. Floyd {M 1938) Gen. Mgr., • Bell & 
Eiss, Inc,, 2102 Foshay Tower, Minneapolis 
2, Minn. , „ . 

BELL, Sydney R. (M 1939) Principal, • Sydney 
R. Bell & Associates, Consulting Engrs., 374 
Little Collins St., and 12 Queens Rd., Mel- 
bourne, Australia. 

BELLMAN, John V. (J 1943) Chief Petty Offi- 
cer, Directorate of Electrical Supply, Naval 
Service Hq., Ottawa, and *170 Hope St., To- 
ronto. Out., Canada. 

BELSKY, George A. (A 1937) Engr., Mance 
Air Conditioning Corp., 1841 Broadway. New 
York, and • 78 Randolph Rd , White Plains, 
N. Y'. 

BEMAN, Myron C. (M 1926) (Council, 1934-39) 
Partner, • Beman & Candee, 374 Delaware 
Ave., Buifalo, and 262 E. Quaker St., Or- 
chard Park, N. Y. 

BEMIS, Paul D. (M 1942) Owner, Paul D. 
Bemis, Consulting Engr., • 36 Pearl St , 
Hartford, and 31 Riggs Ave., West Hartford, 
Conn. 

BEMIS, Wilfred A. {A 1942) Engr., American 
Smelting & Refining Go., 4039 Park Ave., 
St. Louis, and • 129 Emerling Dr.. Ferguson 
21, Mo. 

BENESCH, Edward J. (M 1942) Mech. Engr., 
Consulting Engineer, 144 E. 89th St., New 
York, and * 38 Orchard St., Merrick, L, L, 
N. Y. 

BENHAM. Colin S, K. (A 1946; J 1937) Dir., 

• Benham & Sons, Ltd., 66 Wigmore St., 
London, W. 1, and Ashcroft, Prestwood, 
Bucks., England. 

BENHAM, P. C., Jr. (A 1942; J 1938) Engr., 

• C. H. Ruebeck Co., 1008 Travis Bldg., and 
1636 W. Summit St., San Antonio, Texas. 

BENNETT, Edwin A* (M 1936 ; J 1929) Field 
Engr., • American Blower Corp., 60 w. 40th 
St„ New York 18, and 128 Randolph Rd., 
Fulton Park, White Plains, N. Y. 
BENNETT, Merle P, (A 1942) Chief Engr., 

• First National Bank Bldg. Co., 1740 Na- 
tional Bank Bldg., Detroit, and 637 Pleasant 
Ave., Birmingham, Mich. 

BENNIS, Raymond R, (A 1943) Chief Engr., 

• Contractors Refrigeration Corp., 89-36 
Queens Blvd., Elmhurst, and 67-47 181st St., 
Flushing, N. Y. 

BENOIST, LeRoy L. (M 1934) Mgr. and Part- 
ner, • Benoist Bros. Supply Co.* 117 S, Tenth 
St., and 1500 Main St., Mt. Vernon, 111. 
BENOIST, Raymond E. (A 1936) Mgr. and 
Engr., Benoist Bros. Supply Co., 117 S. Tenth 
St., and • 811 North 12th St., Mt. Vernon, Ell 
BENSEN, Clarence L. (M 1939 ; J 1936) Chief 
Engr., McQuay Inc., 1600 Broadway N.E., and 

• 3042 Benjamin St. N.B., Minneapolis, Minn. 
BENSINGER, Mark <J 1936) Lt, (jg) Sub. 

Repair Unit, c/o Postmaster, San Diego, 
Calif., and * 608 Bradley Lane, Fuirview 
Heights, Portsmouth, Va. 

BENSON, Foster W. (M 1942) Application 
Engr., Niagara Blower Co., 37 W. Van Buren 
St., Chicago, HI. 

BENTLEY, Clyde E. {M 1937) Consulting 
Engr., *216 Pine St., San Francisco, and 
• 1875 San Antonio Ave., Berkeley, CalhF. 
BENTSON, Robert J. (A 1943) Engr., General 
Electric Co., 920 Western Ave, Lynn, and 

• 29 Cliff St., Nahant, Mass. 

BERGAN, John R. (A 1941 ; J 1937) N.E. Mgr., 

• Air Cond. Controls Div„ Minneapolis- 
Honeywell Regulator Co., 799 Beacon St„ 
Boston, and 64 Lexington Ave., Needham 
Heights, Maas. 


BERGER, J. L. (M 1989) Pres., • The W. R. 
Bhoton Co., 5915 Bonna Ave., Clevelands, 
and 2652 Edgerton Rd., University Heights, 
Ohio. 

BERGMAN, A. E. (A 1943) Pres., • A. E. Berg- 
man, Inc., 1913 University Ave., St. Paul, 
and 2744 W. River Rd., Minneapolis, Minn. 
BERLET, E. John, Jr. (M 1943) Application 
Engr., York Corporation, 1616 Walnut St., 
Philadelphia 3, and • 655 Rector St., Phila- 
delphia 28, Pa, 

BERMAN, Louis K. (M 1908) Pres., • Raisler 
Corp , 129 Amsterdam Ave,, New York 28, 
and 285 Central Park West, New York 21, 
N. Y. 

BERMEL, Alfred H. (M 1943 ; A 1983 ; J 1928) 
Chief Moch. Estimating Engr., • August 
Arace & Sons, Inc., 642 Third Ave., Eliza- 
beth, and 340 Cambridge Dr., Union, N. J. 
BERNARD, Edgar L. (J 3941 ; S 1940) Capt., 
Hq. Third Army, Engr. Section, Fort Sam 
Houston, Tex. 

BERRES, Daniel S. (A 1943) Engr,, Navy De- 
partment, Bureau of Ships, Washington, 
D. C. and • 714 N. Wayne St., Arlington, Va. 
BERRIDGE, Winston W. (M 1938) • McColl- 
Frontenao Oil Co., Ltd., 1010 St. Catherine 
St., W., Montreal, and 28 Dufferin Rd., 
Hampstead, Que., Canada. 

BERRY, Robert U. (M 1939) Mgr., Field 
Bngrg. Sec., Air Cond. and Commercial 
Ref ng. Dept,, • General Electric Co , 6 Law- 
rence St„ Bloomfield, and 17 Astor Place, 
Glen Ridge, N. J. 

BERRYMAN, Richard H. (J 1940) Mech. 
Engr., Plant Engrg. Div., Aircraft Div., 
Packard Motor Car Co., 1580 E. Grand Blvd., 
and • 264 Worcester Place, Detroit, Mich. 
BERTOLETTE, Chester, Jr. (M 1940) Htg. and 
Air Cond. Engr., 16 Lown CJourt, Pough- 
keepsie, N. Y. 

BERTRAND, George F. (A 1939) Sales Engr., 
235 Richfield Rd., Upper Darby, Pa. 
BERZELIUS, Carl E. (M 1936) Lt Ool„ T. 0„ 

• Hq, San Francisco Port of Embarkation, 
Office of the Commanding General, Ft. 
Mason, Calif., and 2212 12th Ave., Rockford, 
111 . 

BETLEM, Henrietle T. (A 1042 ; J 1934) Air 
Cond, Engr., Betlem Heating Co., 1926 East 
Ave., and • 26 Faraday St., l^chester, N. Y, 
BETTS, Howard M. <M 1927) Sr, Htg. Engr., 

• Dept of Bldgs., City of Minneapolis, 213 
City Hall, Minneapolis 16, and 4923 S. Rus- 
sell Ave., Minneapolis 10, Minn. 

BETZ, Harry D. (M 1928) Owner, Betz En- 
gineering Co., 1820 Wyandotte St., Kansas 
City 8, Mo., and • 6414 Aberdeen Rd., Kansas 
City 3, Kans. 

BEVINGTON, Curtis H. (M 1936) Owner, 

• C. H. Bevington Co., 600 S. Michigan Ave,, 
Chicago 5, and R. F. D. No. 2, Elmhurst, III. 

BEVINGTON, Warren C. (M 1928) Pres., 

• Bevington-Wilhams, Inc,, Engineers, 730 
Indiana Pythian Bldg,, and 6921 Washing- 
ton Blvd., Indianapolis, Ind. 

BIBER, Herbert A. (A 1987) Engr., Mellon 
National Bank, 614 Smithfield St, I^itts- 
burgh, and • 328 Barnes St, Wilkins- 
burg21. Pa. 

BIBLE, Honis U. (M 1940) • Lt (j.g.) U.S. 
N.R„ N. T. Sch., Princeton, Brown Hall 113, 
Princeton, N. J, 

BICHOWSKY, P. Russell* (M 1936) Prof., 

• Catholic University, Washington 17, B* G.» 
and Air Support Command, A.P.O. 638, e/o 
Postmaster, New York, N. Y. 

RIGGERS, R. H. (A 198$) MfTs. Agent 

• 2229 B. Jefferson Ave., Detroit 7, Mich, 
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BILLINGSLEY, Oliver F. H., II {A 1044; 
J 1037) Research Ent^r., California Institute 
of Technolor,y, 1201 E. California St., Pasa- 
dena, and • 2172 West 20th St., Long Beach, 
Cahf. 

BINDER, Charles G. (M 1920) Mgr, Htg 
Dept., Warren Webster & Co., 17th and 
Federal St,, Camden, and • 115 Oak Terrace, 
Merchantville, N. J 

BIRD, Charles (A 1984) Treas. and Gen. Mgr., 

• The Cincinnati Supply Co., 450-456 E. 
Pearl St., and R. R. #6 Section Rd., Box 
170-D, Lockland Post Oftiee, Cincinnati, 
Ohio. 

BIRKETT, Harold S. (M 1940) Engr, Com- 
mercial Gas Utilization, The Brooklyn Union 
Gas Co., 176 Uemgen St., Brooklyn 2, and 

• 87 Deepwood Rd,, Roalyn Heights, L. I., 

N. Y. 

BISHOP, Charles R. {Life Member', M 1901) 
(Council, 191G) 22 Sagamore Rd., Bronxville, 
N. Y. 

BISHOP, Frederick R. (M 1921) Mgr, of Sales, 
The Brund.'ige Co., Kalamazoo, and • 8011 
Dexter Blvd,, Detroit, Mich. 

BISHOP, J. A. (M 1930) Dist. Mgr., • Ameri- 
can Blower Corp., 619 Texas Bank Bldg., 
Dallas 2, and 1115 N. Windomere St., 
Dallas 8, Texas. 

BISHOP, Joseph W. {M 1939) Lt Col., Ha., 

• 5th Can. Armored Div„ c/o Base P, O. 
Ottawa, and 62 Highland Crescent, R. R, 
No. 2, York Millc, Ont., Canada. 

BISHOP, M. W. (M 1942; A 1939; J 1986) 
Branch Mgr., * American Blower Corp., 231 
W. Wisconsin Avc,, Milwaukee 3, and 4958 
N. Cumberland Blvd., Whitefish Bay, Wis. 
BISPALA, John t. {A 1940) Mgr.. Bispala 
Bros., 2328 First Avo., Hibhing, Minn, 
BJBRKBN, Maurice H. (M 1937 ; A 1927) N. W, 
Mgr., * Hoffman Specialty Co., 642 Builders 
Exchange, and 4052 I7th Avc«, S., Minne- 
apolis, Minn. 

BLACK, Edgar N., XII (M 1922) Philadelphia 
Mgr,, • Fitzgibbons Boiler Co., Inc,, 1717 
Sansom SL, Phila<lclphia, and 111 Woodbide 
Rd., Haverford, Pa. 

BLACK, F. C. {Life Member; M 1919) Pres., 

• F. C. Black C<)., 622 W. Randolph St,, and 
4586 N. Ashland Ave., Chicago, III. 

BLACK, Harry G. {M 1917) Owner, • P. 
Goruily Co., 156 N. Tenth St, and 927 N. 
<)6th St, Philadelphia, Pa. 

BLACK, James M. {J 1940; S 1939) Branch 
Mgr.* Avery Engineering Co,, 1316 Mutual 
Home Bldg., and • 126 Elmwood, Dayton, 
Ohio, 

BLACK HALL, W. R- (M 1922) Partner, 

• Blackhall Heating & Plumbing Supplies, 
1104 Bay St, and 832 Waverley Rd., Toronto, 
Ont, Canada. 

BLACKMAN, Alfred O. (Life Member; M 1911) 
Mech. Kngr., • RoiM‘rt & Company Aaso- 
Chiu'S, Inc., and Olyile Court Apts., Miami, 
Flu. 

BLACKMAN, Robert C. (./ 1044) Power Engr., 
AUirton Division, General Motors Corj)., and 

• 1267 N, Lynhurst Dr., Xadianapolls, Ind. 
BLACKMORK, F, H. (M 1923) Vlce-PrcH. in 

charge Mfg„ ♦ U. S, Radiator Corp., 1660 
tinited Artists Bldg., Detroit 81, and 616 
Tooting Tjane, Birmingham, Mich. 
BLACKMORB, Joseph J, (A 1939; J 1087) 
Mfr«. Agent, Bell & (Soasott Co.-Dole Valve 
Co„ • 4t}80 Chouteau Ave., St Louis, Mo., 
and H12 S. Fillmore, Edwardsville, ill. 
BLACKSHAW, J. L** (M 1937 j J 1029) Engr., 
Air (k Refrigeration Corp., 476 Fifth Ave., 
New York, N. Y., and • 247 W. Mercer Ave., 
College Park* Ca. 

BLAIR, Donald W. (A 1040) Engr., Thomas G. 
Gallagher. H(l Boylston St., BoKton, and • 1 
Chauncy St., Cambridgo, Mass. 


BLAIR, Ernest L. (M 1941) Industrial Engr., 
Stone & Webster Engineering Corp., 49 Fed- 
eral St, Boston 7, and • 108 Willow Ave., 
Wollaston (Quincy) 70, Mass. 

BLAKE, Albert H. (M 1926) Gen. Mgr., • B. P. 
Sturtevant Company of Canada, Ltd., 137 
Wellington St., W., and 25 Armadale Ave., 
Toronto, Ont, Canada. 

BLAKE, John L. (A 1943) Chief Engr., Air 
Cond. Dept, • Metro-Goldwyn-Mayer Studios, 
10202 Washington Blvd., Culver City, and 
1700 S. Bedford St., Los Angeles 35, Calif. 
BLAKELEY, Hugh J. (M 1986) Cons. Engr., 

• Hubbard, Rickerd & Blakeley, 275 Orang^! 
St, New Haven, and 24 Bradley Ave., East 
Haven, Conn. 

BLAKER, A. H. {A 1939) Secy.-Treaa., • Na- 
tional Korcctaire Co., 1619 Cortland St, Chi- 
cago, 111. 

BLANCHARD, Norris M. (M 1942) Western 
Sales Mgr., • L. J, Mueller Furnace Co., 2006 
W. Oklahoma Ave., and 2102 N. Hi Mount 
Blvd., Milwaukee, Wis. 

BLANDING, Robert L. (M 1938) Vice-Pres. 
and Gen. Mgr., • Taco Heaters, Inc., 123 
South St, and 1886 Smith St, Providence, 
R. I. 

BLANKIN, Merrill F. (M 1927 ; A 1926 ; J 1919) 
(J*i esidcniial Member) (Pres., 1943; 1st Vice- 
Pres., 1942; Treas., 1930-41; Council* 1939- 
43), Pres., • Haynca-Blankin Corp,, S. B. 
Cor. Ridge Ave. & Spring Garden St, Phila- 
delphia 23, and 628 E. Gates St., Roxboro, 
Philadelphia, Pa. 

BLAS* Romualdo J. (M 1036) Mgr., Chief 
Engr,, • Bias & Co., Apartado Postal 10(%, 
Caracas* Venezuela, South America. 
BLAYNEY, W. R. (A 1939) Owner, W. B. 
Graves Heating Co., 162 N. Dcsplaines Sb., 
and * 4827 Monticello Ave., Chicago, 111. 
BLAZER, Benjamin V. (A 1940) Owner, * H. 
Blazer Sc Son, 173 Market St, Passaic, and 
48 13th Avo., Paterson, N. J. 

BLOOM, Louis (M 1936) Owner, Freeport 
X^lumbing and Healing Engineers, ^-A 
Broadway, Freeport, L. L, N. Y, 
BLOOMSTER, Edgar L. (M 1943) Cons, Engr., 

• B. Ii. Bloomstcr, 116 New Montgomery St, 
and 3820 D’ivisadcro St., San Francisco, Calif. 

BLUM, Herman, Jr. (*/ 1936) Enirr., Wallace- 
Bu«h Co., Box 1788, Richmoml, and • 1767 
Oxford St, Apt 9, Berkeley, (jalif. 

BLUM, Richard J., Jr. (A 1040) c/o E. A. 
Cnrsoy, • The Kirk & Blum Manufacturing 
Co., 2860 Spring Grove Ave,, Cincinnati 26, 
Ohio. 

BLUMENTHAL, M. I. {M 1930) Engr., Spec. 
Refrigeration, U. S. Maritime Commission* 
Financial Center Bldg., and • 3600 Lake- 
shore Ave., Oakland, Calif, 

BOALES, William G. (M 3086; A 1923) Owner, 

• Wm, G. Bonlca & Associates, 6429 Hamil- 
ton Avc„ Detroit 2, and 43 ISdgoniere Rd., 
Grosso Poinle Farms 30, Mich. 

BODEN, Waiter F. (A 1037) Branch Mgr.. 

• Modine Manufacturing Co., 424 E. Weils 
St., Milwaukee, and 606 Milwaukee Ave., 
South Milwaukee, Wis. 

BO0INGER, Jacob H. (M 1931) Pres., J. H. 
Bodingcr Co.. Inc., 530 Tenth Ave., New 
York 18, N. Y. 

BODMER, Emmanuel (M 3937) (Mail Returned) 
BOEHTKR, Carl F* (M 1939 ; A 1986) Housing 
Research Exec., • Purdue Research Founda- 
tion, Purdue University, I^afayette, Ind., and 
301 E. Rhhcx, Kirkwood, Mo. 

BOGATY, Hermann S. (M 1921) 735 E. Phil- 
Ellena St., Philadelphia. Pa. 

BOGGS, Donnte (M 1943) Engr., ♦ Avory En- 
gineering Co*, 1906 Euclid Ave., and 1364 
West Boulevard, Cleveland, Ohio. 
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BOLAND, L. C., Jr. (M 1941) Conftultmff 
Knffr., 774 Spring St. N.W„ and • 1140 Eot>e- 
dale Dr., N.£., Atlanta, Ga. 

BOLAND, Roy 0* (A 1938) Mgr., Insulation 
Di\., • Alexander Murray & Co., Ltd., 4033 
Richelieu Si., Montreal, and 348 Kensington 
Avc., Westmount, Que., Canada. 

BOND, Harry H. {M 1938) Partner, • Edward 
E. Ashley, Consulting Engr., 10 East 40th 
St., New York 16, and 137-81 Belknap St., 
Springfield Gardens 13, L. I., N. Y. 

BOND, Horace A. (M 1930) Prof. Engr , 1C2 
Washington Ave., and • 12 Ramsey PL, Al- 
bany, N. Y. 

BONNER, John (M 1943) Cons. Engr, 84 
Boylston St., Room 64, Boston, and • 27 Park 
Circle, Arlington, Mass. 

BOOKER, Jack W. (M 1943) Htg.-Vtg. & Air 
Cond. Engr., Westinghouse Electric & Manu- 
facturing Co., and • 6624 Beacon St., Pitts- 
burgh, Pa. 

BOONE, Fred S. (A 1943) Secy.-Treas., 
•Hall-Neal Furnace Co,, 1824 N. Capitol 
Avo., Indianapolis 7, and 17 West 35th St., 
Indianapolis, Ind. 

BOOT, Arthur (M 1938) Mgr., • Bool &,Co., 
Xnc., 116 W. iSilton St., Grand Rapids 2, and 
928 Orchard Ave., S.E„ Grand Rapids 6, Mich. 
BOOTH, Charles A. (M 1917) Vice-Pres., 

• Buffalo Forge Co., 490 Broadway, and 142 
Summit Ave., Buffalo, N. Y. 

BOOTH, Clifford A. (A 1942) Sales Engr.. 

• Fiberglas Canada, Ltd., 1026 Confederation 
Bldg., and 4523 Kensin^on Ave., Montreal, 
Que., Canada. 

BORAK, Eugene (M 1937) Engr , U. S. Rubber 
Co., 6600 E. Jefferson, and • 2237 Pennsyl- 
vania, Detroit, Mich. 

BORG, Elmer H. (M 1938) Partner, * Proud- 
foot Rawson-Brooks & Borg, 820 Hubbell 
Bldg., Des Moines, Iowa. 

BORKAT, Philip (A 1943 ; J 1936) Chief 
Engr., Viking Air Conditioning Corp., 5600 
Walworth Ave-, and • 869 East 128th St., 
Cleveland, Ohio. 

BORNEMANN, Walter A. (M 1924; J 1923) 

• Carrier Corp., 12 S. 12th St., Philadelphia 
7, and 123 W. Wharton Ave., Glenside, Pa. 

BORNQUIST, George W. (A 1943) Pres., 

• Bornquist, Inc., 629 W. Washington Blvd., 
Chicago 6, and 1042 W. Erie St., Oak Park, 
HI. 

BORNSTEIN, Alfred B. (A 1942) Partner, 
William Bomstein & Son, 2209 Channing St., 
N.E., Washington, D. C., and • 7414 Piney 
Branch Rd., Takoma Park, Md. 
BORNSTEIN, William (M 1943 ; A 1937) Part- 
ner, • William Bornstein & Son, 2209 Chan- 
ning St., N.E., Washington, D. C., and 7414 
Piney Branch Rd., Takoma Park, Md. 
BORTON, A. Robert (A 1943 ; J 1939) Engrg. 
Dept., • John J. Nesbitt, Inc., State Rd. and 
Rhawn St., Philadelphia, and 8332 Decatur 
St., Holmesbuxg, Philadelphia, Pa. 
BOTELHO, Nanto J. (A 1937) Chief Engr. and 
Mgr., Geibrasil Representacoes, Ltda., Rua 
Da Quitanda 7-1* Andar, Rio de Janeiro, 
Brazil, South America. 

BOTTUM. Edward W. (A 1942 ; J 1938) Chief 
Engr,, • Skuttle Manufacturing Co., 12989 
Greeley Ave., and 13220 Woodward Ave., 
Detroit, Mich. 

BOUEY, Angus J. (A 1937; J 1930) Sales 
Engr., • The B. P. Sturtevant Co., 681 Mar- 
ket St., and 4810 Fulton St., San Francisco, 
Calif. 

BOUILLON, Lincoln (M 1933) Lt., U.S.N.R. 

• 92nd Const. Battalion, Fleet P. O., San 
Francisco, Calif., and 3220 Sierra Dr, 
Seattle, Wash, 


BOWEN, Leroy F. ( t 1942 } Mech. Engr , 
Federal Public Housing Authority, 170() 
Dierks Bldg , and • 723 EUbt Tlst Terrace, 
Kansas City, Mo. 

BOWERMAN, E. L. (A 1937) Flight Lt., Offi- 
cers Mess, R. C, A. F., Station, Rockcliffe, 
and • 274 Belsize Dr., Toronto, Ont., Canada 
BOWERS, A. F. (/t 1919) Pres., • Industrial 
Heating & Engineering Co., 828 N. Broad- 
way, Milwaukee 2, and 2853 N. Hackett Ave , 
Milwaukee, Wis 

BOWLER, R. W. (S 3 943) Student, * 5035 
Forbes, Pittsburgh, Pa., and 2733 France 
Ave., S., Minneapolis, Minn. 

BOWLES, Potter (A 1928) Pres., • Hoffman 
Specialty Co., 1003 York St,, Indianapo!i-(. 
and Lawrence Dr , Brendonwood, Indianap- 
olis, Ind. 

BOXALL, Frederick (M 1937) Air Cond. and 
Refng. Eng., • U. S. A. Govt., Box S27, 
Curundu, Canal Zone, and 38 Kenwood Ave , 
Verona, N. J. 

BOYAR, Sidney L. (J 1938) Merchandise De- 
velopment, Scars, Roebuck & Co , 925 3. 
Homan Ave , Chicago, 111., and • 4317 Indi- 
anapolis Blvd., East Chicago, Ind. 

BOYD, Lyle E. (A 1941) Air Cond. Supvr,, 
• Caterpillar Military Engine Co., and Rt. 5, 
Lakeshore Dr., Decatur, 111. 

BOYD, Robert Lee, Jr. (J 1941) 2nd Lt . 
0-1116048, Asst. Post Engr., Hq. Sec. 3v 
CU 1976, Torney General Hospital, PaJm 
Springs, Calif. 

BOYD, Spencer W. (M 1937; J 1931) Lt , 
U.S.N.R., and • Newcomb & Boyd, 615 Trust 
Co. of Georgia Bldg., and 1505 Fairvicw Rd , 
Atlanta. Ga. 

BOYD, T. D. (M 1937) Sales Engr , • Johnson 
Service Co., 1905 Dunlap St., and 3320 N. 
Sterling Way, Cincinnati, Ohio. 

BOYDEN, Davis S.* (Life Member i M 1909) 
(Presidential Member) (Pres., 1937 ; 1st Vice- 
Pres.. 1936; Treas., 1933-34; Council, 1917, 
1930-38) Admin. Engrg,, War Dept. Signal 
Branch, 730 Commonwealth Ave., Boston, 
^d • 1496 Commonwealth Ave., Brighton, 

BOYKER, Robert O. (A 1942; J 1935) Con- 
tractor, ♦ Mac Boyker & Son, 220 First Ave.. 
and 100 Kennebeck Ave., Kent, Wash 
BOYLE, John R. (M 1936) Asst. Chief ’Engr., 
Westerlm & Campbell Co.. 1113 Cornelia 
Osceola Ave., Chicago, III. 

Mgr., 

BarW-Colman Co., and • 3819 Clinton St,. 
Rockford, HI. 

BRACKEN. John H. (M 1927) Mgr,, Industrial 
Us^ Dept., • The Celotex Corp., 120 S. La- 
Oakdale Ave., Chicago, III. 
William W. (Life Member; M 
1926) Mech. Engr ,* 341 Michigan Trust 
and 1352 Franklin 
Grand Rapids 6, Mich. 

BRADLEY, Eugene P. (M 1906) No. 4 Yale 
Ave., St Louis, Mo. 

BRAKHA, M. V. (M 1943) Gen. Mgr., • Car- 
rier Egypt, S.A.E. 37, Kasr El Nil, and 
Sharia Kasr El Aim. Cairo, Egypt. 

BRANDT, Allen D. (M 1940) Sc D Sanitarv 
Engr., U. S Public Health SerWicT Safefl^ 

& S^urity Branch Ordnance Dept., 333 N 
Michigan Ave., Chicago, and • 610 Elmore 
Ave., Park Ridge, 111. 

(M l?i28) Pres., • Reliance 
Engineering Co., Inc,, P, O. Box 1292, Chai- 
^tte 1, and 1101 Providence Rd.. Charlotte, 

BJ^NDT, F. a fM 1943) Engr., * Minneapolis- 
goneywcll Emulator Co., 1305 Capitol, 

2, and 2626 Tangley Rd., Houston 

1®39) 2004 Northwoit 
16, Oklahoma City, Okla. 
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BEATT, Hero D. (M 1937) Sales Engr.. War- 
ren Webiftor & Co., 228 Ottawa Ave., N.W., 
Grand Rapids 2, and • 2269 Stafford Ave , 

5 W , Grand Rapids 7, Mich. 

BRAUER. Roy (M 1926) Dist. Mgr., • The 
Trane Co„ 612 Magee Bldg., Pittsburgh 22. 
and 576 Austin Ave., Mt. Lebanon, Pitts- 
burgh 16, Pa. 

BRAUN. Charles R., Jr. {J 1943 ; S 1939) Mid- 
shipman, U.S.N.R., USS Prairie State Sec, 
2, 136th St. & North River, New York. N Y. 
BRAUN, Louis T. (Ai 1921) Exec. Secy. • Chi- 
cago Master Steamfitters Assn., 228 N. La- 
Salle St, and 1548 Pratt Blvd., Chicago, 111. 
BRAYMAN, Albert I. (J 1937) Mech. Designer, 
E. B, Badger Sons Co., 76 Pitts St., Bos- 
ton, and * 340 Boulevard, Revere, Maas. 
BREDESEN. Bernhard P. (A 1931) Engr., 

♦ Reeso & Bredesen, 403 Essex Bldg., and 
.3623 Knox Ave. N., Minneapolis, Minn. 

BRENEMAN. Robert B. (A 1931: J 1927) 
Branch Mgr., ♦ Armstrong Cork Co., 50 E. 
Broad St., and 358 Arden Rd., Columbus, 
Ohio 

BREWER, Frank M. (J 1941) Associate Naval 
Archt,, Norfolk Navy Yard, Portsmouth, and 

• 407 W. 30th St.. Norfolk, Va. 

BREYER, Frederick (S 1940) Student • Car- 
negie Institute of Technology, 6931 Walnut 
St., Pittsburgh, Pa., and 4219 Richton, De- 
tmit, Mich. 

BEEIX, Irving E, (A 1939) Asst. Mgr., Brex & 
Bicler D'iv., The Excelsior Steel Furnace Co., 
960 60th St., and • 7200 Ridge Blvd., Brook- 
lyn, N. Y. 

BRICKHAM, Nelson H.. Sr. (A 1943) Mech. 
Engr., Office of Post Engineer, Ft. Warren, 
and • 3606 Reed, Cheyenne, Wyo. 

BRIDE, William T. (M 1028 ; J 1925) • Bride, 
Grimes & Co., 9 Franklin St., Lawrence, 
and 28 Albion St., Methuen, Mass, 
BRIGHAM, Clare M. (Af 1936) Vice-Pres. in 
charge of Sales, • 0. A. Dunham Co., 460 E. 
Ohio St, Chicago, and 420 Maple Ave., 
Winnetka, 111. 

BBINDELL. Carl E. (.4 1943) Crossy-LcgoU 

6 Brindcll, 2(>8 Balter Bldg., New Orleans, 
La. 

BRINKER, Harry A. {M 1934) Partner, 
Wilson-Brinker, 309 Pythian Bldg., and 

• 2521 XTniversity Ave., Kalamazoo, Mich. 
BRINTON, J. W. {M 1920) Boston Dist Mgr., 

* American Blower Corp., 1003 Statler Bldg., 
Boston 16, and 42 Gleason St, West Mod- 
ford 68, Mass, 

BRISSENDEN, Carroll W. (J 1939) Lt, 
U.S.N.R., R. R. 8, Flora, III. 

BRISSETTE, Leo A. (M 1930) Treaa,, • Trask 
Heating Co.. 4 Merrimac St. Boston, and 
168 Florence St., Melrose, Mass. 

BRITTAIN* Alfred, Jr. (Af 1938) Engr., 
Weath<‘r makers {Canada), Ltd., 693 Adelaide 
St , and * 13K Wheeler Ave., Toronto, Oat, 
Canada. 

BBOCHA, John F. (Af 1936) Buyer, Mont* 
gomery Ward & C-o,, 619 W. Chicago Ave., 
and * 5475 Hirsch Si,., Chicago, 111. 

BROD. Bernard M. U 1941) Engr,, American 
Air 1/in<‘s, New York Municipal Airport, 
tPSickfton Heightrt, and *311 Rich Ave., Mt 
Vernon, N. Y. 

BRODERICK. Edwin L.* (A/ 1933) Engr.. 
War Department, Pentagon Bldg., Waahing- 
ton, D, C., and * P. O. Box 1153, Alexandria, 
Va. 

BRODIE, Aaron H, (Af 1042) I'res., * J. Brodie 
Son. Inc., 1329 E. Fort St, and 2324 
Chieag<» Blvd., Detroit, Mich. 

BRODNAX, George H,. Jr. (M 1938) Salea 
Engr., • Georgia Powi^'r Co*, 76 Marietta St, 
N. W., Atlanta 1, and 1664 Weatwood Ave., 
S.W., Atlanta, Ga, 


BROKAW, George K. (A 1942; J X939 ; S 1938) 
Design Engr., Engineering Office of C. C. 
Kennedy, 604 Mission St, San Francisco, 
and • 5931 Whitney St., Oakland, Calif. 

BRONSON, Carlos E.* (M 1919) Chief Mech. 
Engr., • Kewanee Boiler Corp., and 206 
Roosevelt Ave,, Kewanee, 111. 

BROOKE, Irving E. (Af 1938) Consulting 
Engr., • 189 W. Madison St , Chicago, and 
830 Keystone Ave., River Forest, 111. 

BROOM, Benjamin A. (Lije Member; M 1914) 
Asso. Mech. Engr., Supvr. of Shipbuilding 
U.S.N., 221 N. LaSalle St. and • 2230 E. 
70th PL, Chicago, HI. 

BROOME, Joseph H. (A 1936) Engr., Minne- 
apolis-Honey well Regulator Co., 6060 Wayne 
Ave., Philadelphia 44, and • Franklin Park 
Apts. 9B, Chew & Duval Sts., Philadelphia 
38, Pa. 

BROWN, Alfred P. (M 1927) Vice-Pres., 

• Reynolds Corp., 4224 S. I^owe Ave., Chi- 
cago 9, and 1097 Merrill St., Winnetka, 111. 

BROWN, Aubrey I.* (Af 1923) Prof, of Htg, 
and Vtg., • Ohio State University, and 169 
Richards Rd., Columbus, Ohio. 

BROWN, David (Af 1936) Owner, D. Brown, 
67 Cooper Sq., New York 3, N. Y, 

BROWN. Foskett” (Af 1926) Pres., • Gray & 
Dudley Co., 222 Third Ave., N., and Hilla- 
boro Rd., Nashville, Tenn. 

BROWN, Guy M. (Af 1043) 4845 Harriet Ave.. 
Minneapolis, Minn. 

BROWN, Harper J. (J 1910) 1st Lt, Ord- 
nance Dept,, Instructor, Gunnery, Armored 
Force School, Ft. Knox, Ky. 

BROWN, John S., Jr. (A 1943 ; J 1937) Equip- 
ment Engr., Frigidaire Div., General Motors 
Corp., Plant No. 2, Moraine City, and *428 
Hadley Ave., Dayton, Ohio. 

BROWN, Leland S., Jr. iS 1940) Student. 
Catholic University of America, and *15 
Bryant St, N.W., Washington, D. C. 

BROWN. Mack D. (M 1938; J 1936) Engr., 

• The Bahnson Co., 1001 S, Marshall St , 
and 2914 Bon Air Ave., Wmston-Salom, 
N. C. 

BROWN, Marvin L. {M 1939) Partner, Dallas 
Air Conditioning Co., Inc., 2809 Canton St., 
and • 4328 Stanhope St, Dallas, Texas. 

BROWN, M. W. (A 1943 ; J 1938) Field Engr., 
American Blower Corp., Box 68, Roosevelt 
Park Annex, Detroit 82, and • 5616 Jackson, 
Houston 4, Texas. 

BROWN* Sterling 0. (A 1944 : J 1939) Asso. 
Mech, Engr., Mare Island Navy Yard, Public 
Works Design Sect, Bldg. 47. Marc Island, 
and * Berkeley Yacht Club, Berkeley 2, Calif. 

BROWN* Torn (Af 1930) • Ward 24, Veterans 
Hospital, Dayton, Ohio, and 22151 Gratiot 
Ave., Bast Detroit Mich. 

BROWN, William L., Jr. (A 1942) Co-Owner, 
Brown Bros. Plumbing & Heating Co„ 1418 
Woodland Dr., Durham, N. C. 

BROWN, Winfred E. (S 1941) Student. Iowa 
State College* and • 2026 Country Club, 
Ames, Iowa, 

BROWN. W, Maynard (.t 1930) Secy. & Treas., 
Warren Webster & Co., 17th and Federal 
Sts.. Camden, N. J. 

BROWNE, Alfred L- (Af 1923) Repr., Ulinois 
Engineering Co., 253 Highland Rd.. South 
Orange, N. J. 

BRUCE* Marshall (.1 1942) Asst So;y., 

• George W. Akers Co., 10626 Woodward, 
Detroit 3, and 4184 Bishop Rd., Detroit 24, 
Mich. 

BRUNDAGE. P. Ward (J 1940) 1st Lt, 
0-339211. Battery E., 423rd C. A., A. P, O, 
856, c/o Postmaster, New York, N. Y. 

BRUNETT, Adrian L* (Af 1923) Mech. Engr,, 
U. S. Supervising Architects Office, Procure- 
ment Bldg., Washington, D, C.* and • P. O. 
Box 36, Rockville, Md. 
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BRUNNEIt, Emanuel G. (.-1 1940) Burner 
Sales, Dome Oil Co., Inc*, and • 707— 20th 
St., N.W., Washington, D. C. 

BRYAN, Wm. L., Jr. (J 1942) Lt. (Asst. 
Engr.), U. S. Public Health Service, Indus- 
trial Hygiene Unit. 12-26-31sl Ave,, Astoria 
2, N. Y. . . „ 

BRYANT. Percy J. (M 1915) Chief Engr., 

• Prudential Insurance Co. of America, 763 

Broad St., Nenark, and 754 Belvidere Ave., 
Westfield, N. J. ^ ^ 

BRYNER, John J. (M 1942) Chief Engr., 
Roosevelt Hotel, 121 Baronne St„ and • 5701 
Canal Blvd , New Orleans, La. 

BUCK, David T. (M 1940; A 1936) Pres.. 

• Buck Engineeiing Co., 37-41 Marcy St., 
and 116 W. Main St., Freehold, N. J. 

BUCK. Lucien (.1/ 1928) Engr., Proctor & 
Schwartz, Inc., Seventh St. and Tabor Rd„ 
Philadelphia 20, and • 106 Jericho Manor, 
Jenkintown, Pa. ^ 

BUCKERIDGE, Victor L. (A 1988) Owner, • H. 
Buekendge & Son, 16108 Kercheval Ave , 
Grosse Pomte Park, and 601 Fisher Rd., 
Grosse Pointe, Mich. 

BUENGER, Albert*' {M 1920 ; J 1917) (Council, 
1934-37) • Bldg. Supt., Gibson Hotel, Cincin- 
nati 1, and 1204 Herschel Woods Lane, Cin- 
cinnati 26, Ohio. 

BUENSOD, Alfred C. (M 1918) Pres , Buensod- 
Stacey, Inc., 60 E. 42nd SL, New York 17. 
and • S3 Fifth Ave., New York 3, N. Y. 
BULL. Frederick W. (M 1942) Engr., • New- 
comb & Boyd, 615 Trust Company of Geor- 
gia Bldg., and 2654 Peachtree Rd., NW. 

BULLER,* C. R. (M 1943 ; A 1938) Chief Engr.. 
Oil Burner Division, The Heil Co., SOflO W. 
Montana Ave., and • 2629 S. Shore Drive, 
Milwaukee, Wis. 

BUNNELL, E,-W. (M 1924; J 1923) Design 
Engr., • DeWitt G. Griffin & Associates, 1001 
Old National Bank Bldg., and E. 374 Eighth 
Ave., Spokane, Wash. 

BURBO, W. G. (M 1944) N. E. Branch Mgr., 
ng Electric Ventilating Co., 187 Newbury 
St., Boston, and • 13 Fordham Rd., West 
Newton 65, Mass. 

BURCH. Laurence A. (M 1934) Chief Mgr., 
R. L. Deppmann Co., 5853 Hamilton Ave., 
Detroit 2, and * 78 Amherst Rd„ Pleasant 
Ridge, Royal Oak, Mich. 

BURGES, Joseph H. (J 1939) R. T. 8/c, U. S. 
Navy, and • 1949 McGraw Ave., Bronx 62, 
N. y. 

BURKE, J. J. (M 1939 ; A 1937 ; J 1930) Div. 
Engr. in charge of Air Cond. and Befrig., 
American Viscose Corp., Delaware Trust 
Bldg., and • 709 N. Broom St., Apt. “5, Wil- 
mington, Del. 

BURKE, John S. (M 1942) Dealer Coordinator, 

• New Orleans Public Service, Inc., 317 
Baronne St., New Orleans 9, and 8817 (Sen. 
Taylor St., New Orleans, La. 

BURKES, Lloyd C. (A 1948) Mgr., Branch Of- 
fice, Barfaer-Colman Co., 1018 N, Elm St., 
Greensboro, N. C. 

BURNAM, C. M., Jr. (M 1938 : A 1937) Editor, 

• Heating, Piping & Air Conditioning, 6 N. 
Michigan Ave., Chicago 2, and 10565 Hale 
Ave., Chicago 43, 111. 

BURNAP, Charles H. (M 1941) Sales Engr., 

• A. K. Howell Co., 1635 Syndicate Trust 
Bldg., St. Louis 1, and 4987 Tholozan St., 
St. Louis, Mo. 

BURNETT, Earle S- (M 1920) Senior Mech. 
Engr,, U. S. Bureau of Mines, Amarillo 
H^ium Plant, P. O. Box 911, and • 4228 W. 
11th Ave., Amarillo, Texas. 

BURNS, Edward J. (M 1923) 8900 Holmes St., 
Kansas City, Mo. 


BURNS, Frank G. (M 1940) Major, U. S. Army. 

• American Embassy, Rio de Janeiro, Brazil, 
South America, and 317 Baronne St., New 
Orleans, La. 

BURNS, Fred C. (M 1942 ; A 1919) Mgr , Kan- 
sas City Branch, • Kewanee Boiler Corp., 
2020 Wyandotte, and 1036 West 7lBt St. 
Terrace, Kansas City, Mo. 

BURNS, Harold J. (A 1941 ; J 1939) Engrg- 
Asst*. Washington Gas Light Co., 1100 H 
St., N.W., Washington, D. C., and • 105 Al- 
len Rd., Friendship Station, D. C. 

BURR, Griffith C. (M 1937) Senior Mech. 
Engr., U. S. Engineers, Custom House, Wil- 
mington, and • Box 239, Wrights ville Beach, 
N. C. 

BURRITT, C. G. (A 1916) Mgr., Dallas Office, 

• Johnson Service Co., 2708 Live Oak St., 
Dallas 1, and 612 Cliff Towers Hotel, Dallas 

2 T 0 XS 1 S 

BURRITT, Edward E., Jr. (A 1941) Field 
Engr., (^neral Electiic Co , 1405 Locust St., 
Philadelphia, and • 202 Kathmere Rd., Brook- 
line, Upper Darby, Pa. 

BURTCHAELL, J. T. (A 1941) Pres., • Rusb- 
lighVs, Inc., 407 S.E. Morrison St., and 2308 
N.E. 31st Ave , Portland, Ore. 

BURTON, W. Russell (A 1939) Warrant Of- 
ficer, U. S. Naval Reserve, 123 Battalion, 
Camp Parks, Calif,, and • 2816 N.E. 19th 
St., Portland 12, Ore. 

BUSENLENER, Louis V. (A 1943) Mgr., Air 
Cond. Div., • Higgins Industries, Inc., 1756 
St. Charles Ave., New Orleans, and 300 Betz 
PL, Metairie, La. 

BUSHNELL, C- D. (A 1921) Pres., The Bush- 
neU Machinery Co., 311 Ross St., Pittsburgh, 
Pa. 

BUSSE, Herbert (M 1938) Chief Engr., Fisher 
Bldg. Div., Fisher & Co., 417 Fisher Bldg., 
and • 16760 Greenview Rd., Detroit, Mich. 
BUTLER, Peter D. (M 1922) Salesman, U. S. 
Radiator Corp., and • 127 Edgewater Rd., 
Cliffside Park. N. J. 

BUTT, Roderick E, W. (A 1936; J 1030) 410 
Beatty House, Dolphin Sq., London, S. W. 1, 
England. 

BUZZARD, Francis H. (M 1939) Chief Engr., 
Charles S, Leopold, 213 S. Broad St., Phila- 
delphia 7, Pa., and • 624 Wood Lane, Had- 
donfield, N. J. 

BYERS, Robert L. (U 1942) Chief Engr., 

• John Paul Jones, Cary & Millar, 448 Ter- 
minal Tower Bldg., Cllevcland, and 2261 
Woodward Ave., Lakewood, Ohio. 

BYRD, T. I. (A 1936) Sales Mgr.. The Lau 
Blower Co., 2001-2U29 Home Ave., Dhyton, 
and • 2311 S. Sutphin St., Middletown, Ohio. 
BYRNE, Joseph J. (A 1939) Htg, Engr., 

• Kleenair Furnace Co., 6320 N.E. Sandy 
Blvd., and 6416 N.E. Rodney Ave., Portland, 
Ore. 

BYSOM, Leslie L. (i!/ 1916) Mech, Engr.. Pub- 
lic Works Design Section, Puget Sound Navy 
Yard, and • 1214 Eighth SL, Bremerton, 
Wash. 

d 

c 

CADY, Edward F. (A 1948; J 1937) Mech. 
Engr., The Austin Co., 16112 Euclid Ave., 
Cleveland, and • 2240 Rexwood Rd., Cleve- 
land Heights, Ohio. 

CAIN, WilUain J. (J 1943; B 1040) Gen. Fore- 
man, McQuay Norris, 4014 Seimers Lane, 
and • 9111 Delphine Ave., Overland, Ma 
CALDWELL, Arthur C. {M 1930) 650 S. 48th 
SL, Philadelphia, Pa. 

CALDWELL, Robert J. S. {M 1041) Res. Engr., 

• Air Conditioning & Engineering Co., Ltd., 
P. 0. Box 782L Johannesburg, and 16 Natal 
SL, Bellevue, Johannesburg, ^uth Africa, 
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CAIrEBt David (M li)23) • Kansas City Power 
& Light Co., 1330 Baltimore Ave., and 141 
Spruce St., Kanaapi City, Mo. 

CALHOON, Floyd N, (M 1942) Asst. Prof, of 
Mech. Engrf? , • University of Michigan, 237 
W, En'Tinecrmf? Bldg., and 605 Oswego St., 
Ann Arbor, Mich, 

CALL, Joseph (M 1938; J 1936) Mgr., Air 
Cond. Div., Elliott-Lewis Co., 2518 N. Broad 
St., Philadelphia, and • 50 Fairfield Rd., 
Brookline Park, Delaware Co., Pa. 
CALLAHAN, Peter J« (M 1034) Inspecting 
Engr., Central Hanover Bank & Trust Co., 
60 Broadway, New York, and • 4067 Amboy 
Rd., Great Kills, S. L, N. Y. 

CALLAHAN, Thomas H. (M 3928; J 1924) 
Asst. Treiis., ♦ Callahan Kemipment Co., Inc,, 
2 William St., and 20 N. Broadway, White 
Plains, N. Y. 

CALI.AN, John J., Jr, (A 1943) Sales Mgr., 

• ClaUin-Sumnor Coal Co., 10 Franklin St., 
Worcester 8, and 18 Montague St,, Worcester 
3, Mass. 

CALNAN, Daniel J. (A 1942) Lt., U. S. Army. 
Htg. & Combus. Engr., Electric Furnace- 
Man, Inc., P. O. Box T, Emmaus, Pa., and 

• 6 Homewood Ave., Yonkers 2, N. Y. 
CALNAN, Edward J. (M 1941) Control Supt., 

• Ontario Paper Co., Lid., Thorold, and 208 
RuHHCll Ave., St. Catherines, Ont., Canada. 

CAMERON, Robert T. (J 1941; S 3 938) Mech. 
Kngr., Francisco & Jacobus, 511 Filth Ave., 
and • 208 East 16th St., New York, N. Y. 
CAMPAC, W. R. (M 1940) Secy, and Gen. 
Mgr., • Kendall Heating Co., 1636 N.W. 
Lovejoy St., and 4418 Northeast 11th, Port- 
land, Ore. 

CAMPBEIX, Alfred Q., Jr. (.1 1940 ; J 1933) 
Cfipt., Artillery, U. S. Army, and • 1678 
York St., Memphis, Tenn. 

CAMPBELL, E. K.* (Life Mcmhei'; M 1920) 
(Troas., 1942-43; Council, 1031-88; 1939-43) 
Pros., * E. K. Campbell Heating Co., 2441-3-6 
Charlotte St., and 3717 Harrison, Kansas 
City, Mo. 

CAMPBELL, George S. f.l 1911 1937) Tech. 

Asst., Naval InKpoc, of Ordnance, Bureau of 
Orduan»*c, U. S. Navy, Blaw-Knox Co., Mai*- 
tins-* FiM'rv, Ohio, and * 306 Sunnysidc D'r., 
Highland Park Station* Chattsinooga, Tenn. 
CAMPBELL, George W. (./ 1989) Maj., Air 
Corpn, and • 263 Northwo.st 3Uli St., Miami, 
Pin, 

CAMPBELL, Roger P. <J 1939) Ensign, U. S. 
Navy, * Princeton University, Princeton, 
N. J., and 4014 Aberdeen Rd., Nashville, Tenn. 
CAMPBELL, Thomas F. (M 1028) Owner, 

• T. F. Carnpbell Co„ 1013 Prnii Ave., and 
101 KverniH l>r., Pitlsburgh 21, Pa. 

CANDEK, Bertram C. (M 1933) Partner, He- 
man & CuiuUv, 374 Delaware Ave., Buffalo 
2, and • 19 Trenumt Ave., Kenmore 17, N. Y. 
CAPLK, Ira (J 1941 ; Si 3938) Engr., • Super 
Radiator Oorp., and 715 University Ave., 
S.E., Minneapolis, Minn. 

CARBONE, James IL {M mi) Ktg. Vtg. 
InsjH'ctor, City of New York, Municipal 
Bldg., Now York, and * 121-18 lU«tb St., St. 
Albans, L, L, N, Y, 

CAREY, Paul 0. (M 1930) Cons. Engr*, 

• Runyon St. Carey, 83 Fulton St., Newark 2, 
and 81 Claremont Dr-, Maplewood, N. J. 

CARLE, W. B, (M 1926) Proa., • Carle-Boehl- 
Ing Co., Inc,, 3641 W. Broad Sfc„ Richmond 
20, and 4015 W. Franklin St., Richmond 21, 
Va. 

OARLOCK, Marion F. (M 1986) Capt., Area 
Engr„ St. Jjouib 0, W. S, Plant, Monsanto, 
P. O. Box 851, E, St. Louis, 111-, and * 6841 
Devonshire, St. Louis 9, Mo, 


CARIjSON, Clarence J. (A 1944) Regional 
Mgr., Carlson Brothers Co., 12120 Cloverdale, 
Detroit, Mich., and • 3625 East 38th St., 
Indianapolis, Ind. 

CARLSON, C. O. (A 1037) Owner, • C. O. 
Cailson Heating Co., 1627 Washington Ave., 
N., and 3626 Humboldt Ave., N., Minneapolis, 
Minn. 

CARLSON, Everett E. (M 1932; A 1929) 
Branch Mgr., • The Powers Regulator Co., 
2726 Locust St., and 6675 Washington Ave., 
St. Louis, Mo. 

CARNAHAN, John H. (.1 1940; J 1937) Sr. 
Mech. Engr., Chemical Warfare Service, Pino 
Bluff Arsenal, and • 1808 W. 26th St., Pine 
Bluff, Ark. 

CARON, Hector (A 1938) Mgr,, Hector Caron, 
324 Lincoln Highway* and • 421 S. Third St., 
Rochelle, 111, 

CARPENTER, R. H. (M 1921) (Council, 1980- 
86) Mgr., New York Office, • Nash Engineer- 
ing Co., Graybar Bldg., 420 Lexington Ave., 
New York, and 20 Jefferson Ave., White 
Plains, N. Y. 

CARRIER* Earl G. (M 1936; J 1929) Branch 
Mgr., • Carrier Corp., 1200 Statler Bldg., 
Boston, and 326 Highland Ave., Winchester, 
Mass. 

CARRIER. Willis XiA (Ufa Menihor; M 1913) 
iP) csiUeni ial Memhct) (Pres., 1931 ; IstVice- 
Pres., 1H30 ; 2nd Viee-Pres., 1929 ; Council, 
1923-32) Chairman of the Board, • Carrier 
Corp., 302 S. Geddas St,* Syr.acuse 1, and 
2570 Valley Dr., Nedrow, N- Y. 

CARROLL, Daniel E. (.1 1943) Pres., CarroU 
Sheet Metal Works, Inc., 4G-10~70th St., and 

• 37-22-08th St., Woodsido, L. I., N. Y. 

CARROLL, Edgar E, (A 1930) Owner, • Kleen- 

air Furnace Co., 5329 N.E. Sandy Blvd., 
Portland, Ore. 

CARROLL, William M. (.4 3013; J 1938) Gon. 
Supt., • Pinas Engineering Co., 2413 N. 
I’oarl, and 4108 Vinaiant, Dallas 6, Texas, 

CARSON, Clifford C. (M 1930) Eiiuipmcnt De- 
volopinant. & Design, Sec. 638, U. S. Navy, 
and • Potomac Dr., Friendship Station, 
Wiushingtoii 10, D. C. 

CARTER, A. W. (.'U 1940 : ./ 1930) Htg. Engr., 

• Chatham Malleuhla & Steel Prcxl., Ltd,, 
and 62 Adelaide St., N., Chatham, Ont., 
Canada. 

CARTER, Doctor (M 1934) Consulting Engr., 
60, Nevill Rd., Hove, Sussex, England. 

CARTER, John 11.“^ {M 1936) TA., U.S.N.R,. 
and • 601) Summit Ave., Webster Groves 19, 
Mo. 

CART, Edward B. (M 1936) Comdr. U-S.N., 

• Public Works Officer, Norfolk Navy Yard, 
J^ortsniouth, Va. 

CASK, Delbert V. (.1/ 1937) Engr., • Edward 
W. Tiochman Co., 1421 Cherry St., Kansas 
City, an4l R, R. No. 1, Hickman Mills, Mo. 

CASE, Walter G. (A 1930) Mgr., Ideal Boilers 
& Radiators, Idd., Ideal House, Great Marl- 
borough St., London, W- J, and • 66, The 
Ridg<*wuy, Kenton, Harrow, Middlesex, Eng- 
hin<l. 

CASEY, Byron L. (^f 1921) Mgr., Notthem 
Dist, • Ilg Electric Ventilating Co„ 222 N. 
LaSalle St., Chicago, and 404 Vine Ave., 
Park Ridge, Hi. 

CASKEY, Luther H., Jr- (/ 1941 ; S 1938) Ist 
Lt, O.E. Co. E, 3Hth BngmccrB, APO 623, 
c/o Postmaster, Miami, Fla. 

CASKEY, Thomas C. (M 1943) Chief Engr.. 
Thermxehanger, 903 Halliburton Bldg., Los 
Angeles 14, Calif. 

CASSEIX, John D.-*- (fAfo Member M X913) 
(Council, 1980-86) 740 Garfleld Ave., Pal- 
myra, N. J. 
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CASSELLt William L. <M 1986) Principal. 
• William L. Cassell, Mech, Engr., 912 Balti- 
more Ave,, Kansas City, and R. F. D. No. 6, 
Independence, Mo, « 

CATLETT, W. A. (A 1943) Owner, • Catlett 
Engineers, 1850 Buckner Blvd., and 9602 El 
Patio Dr., Dallas 18. Tex. 

CAUHORN, A. V. (A 1943) Owner. A. V. Can- 
horn Co., 12602 Grand River, Detroit 4, Mich. 

CHALMERS. Charles H, {Life Member; M 
1925) Gen. Mgr., • Chalmers Oil Burner Co., 
318 First Ave. N , and 523 Seventh St., S.E., 
Minneapolis, Minn. „ 

CHAMBERS, Fred W. (M 1936) Pres., -F. W. 
Chambers & Co., Ltd., 96 Bloor St., W.p 
Toronto 5, and 55 Glengowan Rd., Toronto, 
Ont., Canada. 

CHAMPLIN, Robert C. (A 1938) Air Cond. 
Engr., Timken Silent Automatic, 100-400 
Clark Ave., Detroit 32, and • 13640 Mendota 
Ave., Detroit 4, Mich. 

CHAPIN, C. Graham (M 1933) Treas., • Hop- 
son & Chapin Manufacturing Co., 231 State 
St., and 66 Faire Harbor PL, New London, 


uonn. „ 

CHAPIN, Harvey G. (M 1935) 1st Lt., • U. S. 
Army Air Forces, 768 Bomb. S<3. Walker 
Air Base, Victoria, Kan., and 8352 Mary- 
land Ave., Chicago, Dl, . 

CHAPMAN, D. B. (M 1941) Detroit Office 
Mgr., • Clarage Fan Co.* 823 Curtis Bldg., 
2842 W. Grand Blvd., Detroit 2, and 16713 
Blackstone, Detroit 19, Mich. 

CHAPMAN, William A„ Jr. (M 1936) Lt. 
Comdr., XJ.S.N.R., • Officer in Charge, Navy 
Recruiting & Induction Sta., P. O. Bldg., 
and 31 Northern Dr., Indianapolis, Ind. 
CHAPPELL, Henry D. (M 1931) Mech. and 
Elec. Engr. • Burroughs Adding Machine 
Co., 6071 Second Ave., Detroit 32, and 15493 
Whitcomb Ave,, Detroit 27, Mich. 
CHARLES, Paul L. (M 1938) Mgr. and Sole 
Owner, • Walsh & Charles, Ltd., 206 Tribune 
Bldg., and 146 Ash St., Winnipeg, Man., 
Canada. 

CHASE, Arthur M., Jr. (M 1938) Applica. 
Engr., • York Corp , Box 369, Houston 1, 
and 3333 Ozark St„ Houston 4, Texas. 
CHASE, Chauncey L. (M 1931) Partner, • Ed- 
ward A. Sears, Cons. Engr., 13 East 37th 
St., New York, and 222 Chapel Rd., Man- 

hftss^t 3sr* 

CHASE,* L.*R.*(M 1938; J 1981) Coordinator, 

• Johnson & Johnson, 4949 W. 65th St., Chi- 
cago, and 1000 Vine Ave., Park Ridge, 111. 

CHASE, Peter S. (A 1940) Owner, • Chase Co., 
936 Oak St., and 1167 Ferry St„ Eugene, Ore, 
CHASE, Roger E. (A 1939) Pres. & Mgr., 

• R. E. Chase & Co., Inc., Tacoma Bldg., 
Tacoma 2, and 117 N. Tacoma Ave., Tacoma 
3, Wash. 

CHASE, Roger E., Jr. (J 1941) Pvt. U. S. 

Army. (Mailing address unknown.) 
CHATPIEL0, Arthur J, (M 1943) Htg.-Vtg. 
Engr., Hope’s Heating & Lighting, Ltd., 17 
Berners St., London, W. 1, and • 30 Wood- 
side Rd., New Malden, Surr^, England. 
CHEASLEY, Thos. C. (M 1948) Fuel Engr., 

• Sinclair Coal Co & Affiliates, 114 West 
11th St., Kansas City 6, and 487 East 72nd 
St., Kansas City 5, Mo. 

CHBESEMAN, Evans W. (J 1937; S 1984) 
Major, U. S. Army, and • 116 Catskill Ave., 
Pittsburgh 10, Pa. 

CHENEVERT, J, G. (M 1938) Consulting 
Engr., • Arthur Surveyor & Co., 1208 Do- 
minion Square Bldg., Montreal, and 536 
Outremont Ave., Outremont, Que., Canada. 
CHERNE, Realto E. (M 1988 ; J 1929) Branch 
Mgr., Carrier Corp., 1235 Carew Tower, Cin- 
cinnati 2, and • 1 Albert PL. Mariemont, 
Cincinnati, Ohio. 


CHERRY, Lester A.^ (M 1921) • Cherry. Cush- 
ing and Preble, Consulting Engrs., 361 Dela- 
ware Ave., Bufi^alo 2, and 151 Euclid Ave., 
Kenmore 17, N. Y. 

CHESTER, Frank L.-^ (A 1940) Mgr,. • W. G. 
Chester & Son, 960 Main St., and 219 
Kingston Row, Winnipeg, Man., Canada, 
CHESTER, Thomas'* {M 1917) Consulting 
Engr., 700 Seward Ave., Detroit 2, Mich, 
CHEYNEY, Charles C. (A 1913) Asst. Sales 
Mgr., • Buffalo Forge Co., 490 Broadway, 
and 266 Lincoln Pkwy., Buffalo, N. Y. 
CHILDS, Lewis A. {M 1938) Lt., U.S.N.R. and 

• 830 Harrison Ave., Glenside, Pa. 
CHIPMAN. Edward E., Jr. (S 1943> Ensign, 

U.S.N.R., U.S.S. Litchfield, c/o Fleet Post 
Office, San Francisco, Calif. 

CHRISTENSON, Harry (A 1931) Co-Partner, 

• Hunter-Prell Co., 16-19 E, Jackson St., 
and 121 Sunset Blvd., Battle Creek, Mich. 

CHRISTIE, John A., (A 1943) Mfrs. Agent, 

• 802 Northern Ontario Bldg., and 46 Spencer 
Ave., Toronto, Ont., Canada. 

CHRISTIERSON, Carl A. (A 3 939 ; J 1937) 
Mgr., • Carrier Engineering S. A., Ltd., Box 
2421, and 461 F Apsley Court, Musgrave Rd„ 
Durban, South Africa. 

CHRISTMANN, William F. (A 1931) Engr., 

• Kroeschell Engineering Co., 215 W. Ontario 
St., and 6661 N. Maplewood Ave., Chicago, 
111 . 

CHRISTOPHERSEN, Andrew E. (M 1985) 
Engr. Custodian, Board of Education, • Spal- 
ding High and Elementary Schools, 1628 
Washington Blvd., and 2923 N. Kilpatrick 
Ave,, Chicago, 111. 

CHURCH, H. J. (M 1922) Mgr., • Darling 
Brothers, Ltd., 137 Wellington St., W„ To- 
ronto, and 358 Main St., N., Weston, Ont, 
Canada. 

CHURCH, Lloyd M. (M 1948) Dist. Mgr., • Car- 
rier Corp., 12 South 12th St., Philadelphia 7, 
and 21 E. Levering Mill Rd», Bala-Cynwyd, 
Pa. 

CLAPPERTON, Robert (J 1942) • Staff Mem., 
Screening Sect., Construction Control, Dept, 
of Munitions & Supply, No. 3 Temporary 
Bldg., and 87 Marlborough Ave., Ottawa, 
Ont., Canada. 

CLARE, F. W. (M 1927) Mech. Engr., U. S. 
Division Engineer, 60 Whitehall St., and 

• 985 Plymouth Rd., N.E., Atlanta, Ga. 
CLARK, Albert C. (A 1989) Capt, U. S. Army, 

81st F. A., Camp Chaffee, Ark., and • 329 E. 
First St., Port Angeles, Wash. 

CLARK, Allan M- (J 1942) Sales Engr.. * Ca- 
nadian Blower & Forge Co., Ltd., Room 301, 
1221 Bay St., Toronto 5, and 11 Langton 
Ave., Toronto 12, Ont., Canada. 

CLARK, E. Harold (M 1922) Mfrs. Agent, 600 
Michigan Theatre Bldg., Detroit 26. and 

• 2639 Lakewood Ave., Detroit 16, Mich. 
CLARK, James R. (J 1942) Sgt., • A.S.N. 

14063050, 24th A.D.G. Supply Sa„ Kelly 
Field, Texas, and 1601 Pecan Ave,, Char- 
lotte 4, N. 0. 

CLARK, Lynn W. (A 1938) Engr. and Sales- 
man, • Hall-Neal Furnace Co., 1324 N. Capi- 
tol Ave., and 737 W. 32nd St., Indianapolis, 
Ind. 

CLARK, Robert L. (A 1918) Pies., The Clark 
Asbestos Co„ 1893 E, 66th St., Cleveland, 
and • 927 Caledonia Ave., Cleveland Heighls, 
Ohio. 

CLARKE, John H. (M 1942; A 194 U Sr. 
Marine Engr., Head, Htg. Vtg. and RefrJg. 
Unit, Great Lakes Regional Office, U. S. 
Maritime Commission, 310 S. Michigan Ave., 
Chicago, and • 829 Forest Ave., Evanston, DL 
CLARKSON, Robert C., Jr. (M 1943) Cons. 
Engr., 1006 Edmonds Ave., Drexel Hill, Pa- 
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CLAY, Wharton {M 1939 ; A 1938) Secy., • Na- 
tional Mineral Wool Assn., 1270 Sixth Ave., 
Urn. 2906, New York 20, and 127 S. Broad- 
way, Nyack, N. Y. 

CLAUSEN, Arnold H. (M 1939) Engr., c/o U. S. 
Army Engrb., Seattle Bist., Wenatchee, Wash. 

CLEGG, Carl (M 1922) Dist. Mgr., • American 
Blower Corp., 711 Mutual Bldg., and 3513 
Gilham Rd., Kansas City, Mo. 

CLEMENS, J. E. (M 1944) Engr. in Charge, 
Plant Engrg. Dept., Plant No. 3, Allison 
Division, General Motors Corp., Speedway, 
and • R. R. 14, Box 537, Indianapolis 44, Ind. 

CLEMENS, Joseph D. (J 1942 , S 1940) Capt., 
A.C , • Air Service Command, U. S. Army, 
Maintenance Div., Kelly Field, and 116 Wey- 
mouth St., San Antonio, Texas. 

CLEMENT, E. R., Sr. (.4 1924) Pres., E. R. 
Clement, Inc., 3926 Mam St., and • 72 Griffen 
Ave., Bridgeport 6, Conn. 

CLIFTON, John A- (A 1938) Mgr., • Renown 
Plumbing Supplies, Ltd., 236 Parliament St., 
and 369 Belsize Dr., Toronto, Ont., Canada. 

CLO, Harry E. (A 1943 ; J 1939) Ind. Special- 
ist, War Production Board, Rm. 7-213 Tem- 
porary '‘E” Bldg., Washington, D. C., and 

• 802 Spring St., Silver Spring, Md. 

CLOSE, Paul V.* {M 1928) Tech. Secy., • In- 
sulation Board Institute, 111 W. Washington 
St., Chicago, and 757 Maclean Ave., Kenil- 
worth, 111. 

CLOSE, Robert (M 1938) Chief Air Cond. 
Engr., National Broadcasting Co., 30 Rocke- 
feller Plaza, New York. N. Y., and • 186 
Glenwood Ave., Leonia, N. J. 

CLOW, Sherwood A- {J 1942) 1st Lt., • Signal 
Corps, U. S. Army, Signal Office, Camp 
Howze, Texas, and 109 N. Chatsworth Ave., 
Larchmont, N Y. 

OLUCAS, Edward T. {M 1944) Dist. Mgr., 

• Minneapolis-Honeywell Regulator Co., 1007 
N. Meridian St., and 4540 Marcy Lane, 
Indianapolis, Ind. 

COAD, J, Dennis {A 1943) Htg. and Cooling 
Service Engr., 6439 Llovd Ave., St. Louis, Mo. 

COCHRAN, L. H. (iW 1934) Dist. Mgr., 

* American Blower Corp., 626 Market St., 
and J30 Cammo Del Mar, San Francisco, 
Calif. 

COCKINS, William W. (A 1941; J 1937) 
Engr., Scott Co., 243 Minna St., San Fran- 
cisco, Calif., and • Utah, Salt Lake 

City, Utah. 

COCKLEY, Jonathan E. (M 1943) Electric 
Distribution Engr.. • l*ubH<‘ Service Company 
of Indiana, Ine., 16 S. Jackson St., and 807 
E, Walnut St., Greencastlc, Tnd. 

CODY, Henry C. iM 1936) ^Sales Engr., Her- 
man Goldner Co., Inc,. 425 W, Lehigh Ave., 
and * 7836 N. 21 Kt St., Philadelphia, Pa. 

COB, Seymour A. i J 194-4 ; « 1942) Test Engr., 

* General Electric Co., 12 Rowell Ave., East 
X-tynn, Mass., and 54 Wavcrly St.. New 
Haven, Conn, 

COGHLAN. Sherman F. i 4 1937) J. M. Mont- 
gomery & Co., 306 W, Third St., I<o« An- 
geles, and ♦ 414 Ninth St., Santa Monica, 


f'OHAGBN. Chandler C. l.V 1919) Archt. 
• Chandler & Cohaj.»en, Box 2100, and 235 
Avenue G, Billings Mont. 

COHBN, Philip 19.32) D^t. Mgr,. * B. F. 
Siurtevani Co., 933 Leader Bldg., Zone 14, 
and 7100 Euclid Ave., Suite No. 6, Cleveland, 
Ohio. 

(T)HN, Henry U 1!I42) Air Cond. Engr., Giffel! 
& Vallett, Inc., Martiuctle Bldg., and • 5441) 
CaKs Ave., Detroit 2, Mich. 

COLBY. John H. (./ 1939) Mujtir, U. S. Army, 
and * 40 Florence Avc„ Norwotjd, Mass, 
COLBY. John R. (A 1944) Prcfl,, • Colby 
Eauipment Co., 241 E. Ohio St., and 5514 
RosBlyn, Indianapoli^i, Ind. 


COLCLOUGH, Otho T. (A 1933) Custodian, 

• American Foreign Service, American Lega- 
tion, and 399 Hamilton Ave., Ottawa, Ont.* 
Canada. 

COLE, C. Boynton (M 1940 ; J 1937) Owner, 
Boynton Cole, Contracting, Htg. & Vtg. 
Engr., 3873 Piedmont Rd., N.E., and • 1843 
Flagler Ave., N.E„ Atlanta, Ga. 

COLE, Grant E. {A 1926) Vice-Pres. and Mgr., 

• Trane Co. of Canada. Ltd., 4 Mowat Ave., 
and 112 Tyndall Ave-, Toronto, Ont., Canada. 

COL£!MAN, John B. [M 1920) Chief Engr., 

• Grmnell Co., Inc., 275 W. Exchange St., 
and 237 Cole Ave., Providence, R. I, 

COLFORD, John (A 1937) Pres., John Colford, 
Ltd., 2007 Guy St., Montreal, and • 51 Upper 
Bellevue Ave., Westmount, Quo., Canada. 
COLLE, S. S. (A 1938) Engr. and Owner, • Air 
Conditioning Engineering Co., 361 Youville 
Sq., and 4968 Pulton Ave., Montreal, Que., 
Canada. 

COLLIE^, William I. (M 1921) Prof. Engr., 

• W. I. Collier & Co., 8414 Duvall Ave., Bal- 
timore 16, and Ellicott City, Md. 

COLLINS, John P. S., Jr. (Af 1933) (Council, 
1940-43) Secy,,-Treas., National District Heat- 
ing Absn., 827 N. Euclid Ave., Pittsburgh 6, 
Pa. 

COLLINS, Joseph A. (M 1943) Mgr., • Frontier 
Engineering Corp., 367 Northampton St., and 
289 Commonwealth Ave., Buffalo, N. Y. 
COLLINS, Leo F. {M 1941) Cons. Engr. 14616 
PrevoBt Ave., Detroit 27, Mich. 

COLMAN, Robert C. (A 1940) Vice-Pres., 
McQuay Inc., 1600 Broadway N.E., Minne- 
apolis IS, and • 102 Exeter PI., St. Paul, 
Minn. 

COLMENARES, Caspar Vizoso <A 1938) Vice- 
Pres. and Gen. Mgr., • Castel-Vizo, Refriger- 
acion y Aire Acondicionado, S. A., Obrapia 
407, P. 0. Box 210, and Calle 10 No. 34, 
Miramar, Havana, Cuba. 

COLVIN. Oliver D. (M 1943) Vice-Pres. and 
Civil Engr., * Cargocaire Engineering Corp., 
15 Park Row, New York, N. Y., and 1704 
Kalmla Rd., N.W.. Washington, D. C. 
COMO, Jack A. (AT 1939) Mcch. Engr., • Inde- 
pendent Plumbing Co., 171 Luckie St., N.W., 
and 2865 Elliot Circle, N.E.. Atlanta, Ga. 
COMSTOCK, Glen M. (A 1926) Engr. Repr., 

• L. J. Wing Manufacturing Co., 1319 Mur- 
dock Rd., Pittsburgh 17, Pa. 

CONATY, Bernard M. (M 1935) Vice-Pres., 

• American District Steam Co., North Tona- 
wanda, and P. O. Box 342, Eden, N, Y. 

CONGER, Henry L. (M 1943) Assoc. Engr., 
U. S. Engr. Dept., Punahou, Honolulu, T.H., 
and • 902 B Prospect St., Honolulu, T.H. 
CONNELL. R. P. (M 1916) Mgr., * Capitol 
Testing I^ab , U. S. Radiator Corp., 1056 
National Bank Bldg., and 2970 Burlingame, 
Detroit, Mich, 

CONNER. Raymond M, (^f 1931) Dir. A. G. A. 
Lab., • American Gas Assn , 1032 E, 62nd 
St., Cleveland, and 2459 Dysart Rd., Uni- 
versity Heights, Ohio, 

CONNORS, Edward C. (A 1940) Engr. Custo- 
dian, Chicago Board of Education, 5500 Madi- 
mn St , and • 6556 Ponchartrain Blvd., Chi- 
cago, 111. 

CONOVER, E. W. (Af 1930) Reat‘arch Engr., 
D€*tioit Steel Products Co., 2250 B. Grand 
Ave., Detroit 11. and *9165 Stoepel Ave., 
Detroit 4, Mich. 

CONRAD, Roy (M 1935) Sales Engr., Carrier 
Corp., 1001 Northern IJfe Tower, and ♦ 8421 
Bellfi Vihta Ave., Seattle, Wash. 
CONSTANT, Ear! S. (A 1942; J 1935) Engr., 
Buffalo Forge Co., 490 Broadway, and • 242 
N. Park Ave., Buffalo 16, N. Y. 

CONVERSE, Thornton J. tA/ 3941) Engr., 

• Office of Douglas Orr, Archt., 96 Grove St., 
New Haven, and Stoney Creek, Conn. 
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COOK, Benjamin P. 1920; Prop., Benjamin 
P. Cook, Consulting Engr*, 114 W. Tenth 
St. Bldg., Kansas City, and • 1720 Overton 
Ave., Independence, Mo. ^ 

COOK, Henry D. (A 1938) Field Engr,. * Gen- 
eral Controls Co., 450 E. Ohio St., Chicago, 
m., and 73 B. Tenth St., Holland, Mich. 

COOK. Ralph P. (M 1930) Asst. Supt., Engrg. 
and Maintenance Dept, in charge of Engrg, 
Div., • Eastman Kodak Co., Kodak Park 
Wks„ and 663 Seneca Pkwy., Rochester, N. Y. 

COOLrEY, Edgerton C. (M 1938) Owner • E. C. 
Cooley Co„ 625 Market St., San Francisco 6, 
and F. O. Box 7S0 B, Route 1, Los Altos, 
Calif. 

COOMBE, James (.1 1932) Pres., • William 
Powell Co., 2525 Spring Grove Ave., and 
2363 Grandin Rd , Cincinnati, Ohio. 

COON, Thuriow E. {M 1916) Pres., • The Coon- 
DeVisser Co., Inc., 2051 W. Lafayette, Detroit 
16, and 826 Edison Ave., Detroit 2, Mich. 

COOPER, Dale S. (M 1938 . A 1937) Consulting 
Engr., 216 E. Cowan Dr., Honston, Texas. 

COOPER, Donald E. (J 1939) Partner, • D. E. 
Cooper & Son, 640 Hood St., Salem, and 
4335 Northeast 41st St., Portland, Ore. 

COOPER, John W. {M 1982 ; A 1925 ; J 1921) 
Repr., • Buffalo Forge Co., 2726 Locust St., 
St, Louis, and 612 BLawbrook Dr., Kirkwood, 
Mo. 

COOPERMAN, Edward ( J 1943 ; S 1940) S/2c, 
A,B.H.T.U.-N.A.S., Breezy Pt.— Hut F-21, 
Norfolk, Va., and • 8130 Avalon St., Pitts- 
burgh, Pa. . 

COPPERUD, Edmund R. (A 1942; J 1933) 
Asst. Mgr., Minneapolis Plumbing Co., 1420 
Nicollet Ave., and • 17 W. 26th St., Minne- 
apolis, Minn. 

CORBIT, Charles A. (A 1943) Pres., • CorbiPs 
Inc., 225 S. Front St., and 901 Centre Ave., 
Reading Pa. 

CORNELIUS. George E. (A 1943) Elec. Engr., 
Philadelphia Suburban Transportation Go., 
69th Street Terminal Bldg., Upper Darby, 
and • 316 Burmont Rd., Drexel Hill, Pa. 

CORNWALL, George I, (Li/c Member ; M 1919) 
Sales Engr., Burnham Boiler Corp,, 701 
Spring St., Elizabeth, N. J. 

CORRIGAN, James A. (A 1940 ; J 1935 ; S 1930) 
Treas. and Chief Engr,, • Corrigan Co., 2501 
W. St. Louis Ave., and 7128 Washington 
Ave., St. Louis, Mo. 

CORYELL, Glynn L. (M 1943) Chief Field 
Engr., U. S. Machine Corp., and • Country 
Club Park, Lebanon, Ind. 

COST, George W. (J 1939 ; S 1938) Aviation 
Cadet, Sq. 2, Rm. 701, 580 TSS, Grand 
Rapids, Mich., and * Pennsylvania Ave. Ex- 
tension, Irwin, Pa. 

COTTON, Irwin W. (M 1948) Owner. * The 
L W. Cotton Co., 146 West 16th St., and 
3117 N, Delaware St., Indianapolis, Ind. 

COULTER, Thomas H. (A 1943) Secy., • Ver- 
miculite Research Institute, 185 S. La Salle 
St., Chicago, and 201 Kedzie St., Evanston, 
111 . 

COVER, E. B. (M 1937) Appl. Engr,, General 
Electric Co„ 500 N. Beaumont, St. Louis 8, 
Mo., and • 3262 Waverly, East St, Louis, III. 

COVER, Richard R. (A 1936) U. S. Navy, and 

• 1914 N, Upton St., Arlington, Va, 

COWARD, Charles W- (M 1935) Pres., • Cow- 
ard Engineering Co„ 411 Cooper St., Cam- 
den, N, J. 

COX, Edward H. (M 1943) Vice Pres. & Buf- 
falo Mgr., • Grenesee Heating Service, Inc., 
309 Crosby Bldg., Buffalo, and 106 S. Lake 
St., Hamburg, N. Y. 

COX, Samuel F. (M 1939) Dir. of Research, 

• Pittsburgh Plate Glass Co., Creighton, and 
1722 Orchard Ave., 4^nold, Pa. 

COX, Vernon G. (A 1989) Major C. A. C., 

• 207 Yarmouth St., Dallas, Texas. 


COX, William W. (Life Member i M 1923) 
Mgr., • Heating Service Co., 326 Columbia 
St., Seattle 4, and 6232-3 1st Ave., N.E., 
Seattle, Wash. 

COYNE, John H. (A 1948) Foreman, Htg. & 
Vtg., Wright Aeronautical Corp., and ^ 6803 
Hammel Ave,, Cincinnati 12, Ohio. 

CRAIG, Joseph A. (J 1940) Sales Engr., • The 
Trane Co , 850 Cromwell Ave., St. Paul, and 
6016-17th Ave., S., Minneapolis, Minn. 

CRANAGi^ Thomas (M 1943) District Sales 
Mgr , • Clarage Fan Co., 333 N. Michigan 
Ave., Chicago, and 399 Sunset Lane, Glen- 
coe, 111. 

CRANE, Robert S. (M 1938) Plant & Sales 
Engr., • Economy Pumps, Inc., 1000 Weller 
Ave., Hamilton, and 2531 Burnet Ave., Cin- 
cinnati, Ohio. 

CRAWFORD, Arthur C. (A 1938) Capt. (Over- 
seas) and • 429 Butternut St., N.W., Wash- 
ington, D. C. 

CRAWFORD, John H., Jr. (A 1936 ; J 1930) 
Engr., Bacon & Davis, Inc., c/o Jacobs Air- 
craft Engine Co., Plant #2, Pottstown, Pa., 
and • 289 Reynolds Terrace, Orange, N. J. 

CRESSY, L. Rene (A 1943) Partner, • Cressy 
& Legett, 208 Balter Bldg., and 1431 Marais 
St., New Orleans, La. 

CRESSY, L. Villere (M 1940) Engrg. & Sales, 
423 Baronne St., New Orleans 13, La. 

CREW. F. D. (A 1944 ; J 1941) Pres., • The 
F. D. Crew Co., Schaff Bldg., Philadelphia, 
and Ithan, Pa. 

CRIQUI, Albert (M 1919) Chief Engr.. 
Buffalo Forge Co., 490 Broadway, Buffalo, 
and • 39 St. Johns Ave., Kenmore, N. Y. 

CROFT, Huber O. (M 1941) Head, Dept. Mcch. 
Engrg., Univeisity of Iowa, 107 Engrg, 
Bldg., Iowa City, Iowa. 

CROLEY, Jack 6. (J 1940) Capt, 0-369694, 
Btry. B, 118th AAA Gun Bn., A.P.O. 612, 
c/o Postmaster, New York, N. Y., and • 406 
E. Temple Ave., College Park, Ga. 

CRONE, Charles E. (M 1922) Pres., • Charles 
E, Crone Co., 1666 N. Ogden Ave., Chicago, 
and R. R. 2, Prairie View, 111. 

CRONE, Thomas E. (Life Member i M 1920) 
Retired, 164th and Chapin Pkwy., Jamaica, 
L. L, N. Y. 

CRONEY, P. A. (M 1938) Senior Mech. Engr., 
Federal Public Housing Authority, 24 School 
St., Boston, and • 72 Arlington St., Newton, 

CROPPER, Robert O. (M 1938) Capt., Officer- 
in-Oharge, Electrical & Radio School, Quar- 
termaster Replacement Training Center, 6th 
Q.M. Regt., Q.M.R.T.C., Camp Lee, and • 300 
River Rd., Matoaca, Va. 

CROSBY, Inward L. (M 1936) Pres., • Henry 
Adams, Inc., 403-407 Calvert Bldg., Balti- 
more 2, and 700 Brookwood Ed., Baltimore 
29, Md. 

GROSS, Freeman G. (M 1986) Vicc-Pres. & 
General Sales Mgr., • Fulton Sylphon Co„ 
and 31 Nokomis Circle, Knoxville, Tenu. 

CROSS, Robert C.^* (M 1937) Hd., Mech. Div., 
• Sears, Roebuck & Co., Dept. 817, 925 S. 
Homan Ave., Chicago, and 334 Northwood 
Rd., Riverside, 111. 

CROSS, Robert E. (M 1938; A 1931) Diet. 
Mgr., Minneapolis-Honoywell Regulator Co., 
P. O. Box 669, Springfield, and • Granville 
Center, Mass. 

CROSS, William D. (A 1943) Pres., • Cross 
Engineering Co., 236 E. Broad St,, and Old 
Raritan Rd., Westfield, N. J. 

CROUT, M. M. (M 1989 ; A 1988) Southeastern 
Dist. Mgr., • York Corp., 412 Houston St., 
N.E., and 22 Brighton Rd., N.E., Atlanta, 
Ga. 

CRUMLEY, Mearl T. (M 1941) Asst, Mgr., 
Mech. Engrg. Dept., Robert & Co., and * 4722 
Polaris St„ Jacksonville 5, Fla, 
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CKUMP, Alvm L. (M 1!)37) Mprr,, Chicago 
Coiitrnet Salet. Dopl., • Powers Regulator 
Co., 27120 N. Greenview Ave., Chicago 14, 
and 2701 Payne St., Evanhton, 111 

CRUMP, Samuel (.1 11)43) Pres., • Samuel 

Crump Co , Lid., 317 Eghnton Ave., W., and 
34 liracmar Avc., Toi’onto 12, Ont , Canada. 

CUCCI, Victor J. (M 1930) Engr. in Charge of 
Vent. & Iltg , George G. Sharp, Naval Archi- 
tect, 80 Church St , New V’ork, N. Y. 

CULBERT. William P. (M 1943; A 1929) Part- 
ner, * Culbert- Whitby Co., 2019 Rittonhouse 
Sd., Philadelphia 3, and 929 Alexander Ave., 
Drexel Hill, Pa. 

CULLEN, A. G. (M 1939; A 1936) Executive, 

• Cullen Co., 20 L St., S.W , Washington, 
1). C., and 6826 North 19th ltd., East Falls 
Church, Va, 

CULLIN, W. W. (A7 1938) Chief Engr., Home 
Insulating l)'iv., Johns-Manvillo Sales Corp., 
22 E* 40Lh St., New York, and * 35 Wild- 
wood Ave., Mi. Vernon, N. V 

CUMMING, Robert W. (M 1928) Engr. & 
Sales Executive, Sarco Co., Inc., 475 Fifth 
Ave., Now York, and • 81 Alkamont Ave., 
Scnrsdale, N. Y. 

CUMMINGS, Carl H. (A 1927; J 1926) The 
liryant Heater Co., 1020 London Rd,, Cleve- 
land, Ohio. 

CUMMINGS, G. J. (M 1923) 8B1 Tro-.tlc Glen 
Ud., Oakland, Calif. 

CUMMINGS, Ira R. (M 1043) Application 
Engr., Wcstiughouac Elwtrie & Manufactur- 
ing Co., 1216 West 58th St., P.O. Drawer 
5817, Cleveland, and • 3215 Summit Ave., 
Lakewood, Ohio. 

CUMMINGS, Robert ,L (A 1944; J 1940) 
Engr., • Franck & Fric Co., 9334 Kinsman 
R<1., Cleveland, and 18110 Maple Heights 
liivd., Itoilford, Ohio. 

CUMMINGS, TUomaH P. (A 1942) Engineering 
Dept., Nitrth Anicricnn Aviation Co., Injflc- 
wood, aiul • 5145 Seventh Ave., I^os Angeles, 
Calif. 

CUMMINS, George II. (U 1910) Dist. Mgr., 

• Aei*<din Corp., 1 UG United Artists Bldg., 
an<l 16210 Ashton Rd., Detroit, Mich. 

CUMMLSKEY, Jerome F. (A 1940) Minnoapolis- 
Uoneywcll Rcpulutor Co., 433 E. Erie, Chi- 
cago 11, and • 7706 E. Lake Terrace, Chi- 
cago 26, HI. 

CUMNOCK H. (A 1938) Pros.. • Idttlc Rock 
R<‘rriiroration Co., Inc., 417 W. Capitol Ave., 
an<! 609 it<K*k, Little Rtxjk, Ark, 


CUNNINGHAM, John S. f.l 1941; ./ 1937; 
aS* 1935) Faclojy Mgr., Meyer Furnace Co., 
1300 S. WuHhinjrton St„ Peoria 2, and 2200 
P<»<)rift Avc., IVoriu 4, HI, 

CUNNINGHAM. Thomas M. (M 1031; J 1930) 
Mgr.. Oonstruclion & Service, Carrier Corp., 
302 S. (icddt^ SL, Syracuse 1, N. Y. 

CUPITT, Robert (.1 1943) Dir,, Mathew Cowan, 
Id.d., 3 Uppt‘r Stanley St,, Manch<‘ht<‘r 1, and 
* 5, Ettnuwuy, Ac.k Lane, Bramhall, Cheshire, 
Eugliitid. 

CURL. lloTierl S. (A 1941) Sr. Mech. Engr. in 
eViurge of Altitude Chamber, Luknn Harold 
Corp., Box 988, Indianapolis 6, and • 3445 
Winthrop, IndianaimliK 5, Ind, 


CtfRLEY, EHIh I. (A 1941) Lt., U.S.N.R., and 

• 69 E. LuncuMter Ave,, Ardmore, I‘a. 
CURRY, Roger F, (J 1040; S 1938) Prod. 

Planner, CurtlHrt Wright Corp., Buffalo, and 

• 204 Croahy Ave., Kenmoro, N. Y. 
CURTICE, Jean M. (A 1036) Oedo. Dial. Mgr., 

Cltiacna Utilities Co„ 15 W. Fourth St,, La 
Junta, Colo. 

CURTIS, Herbert F. (A 1034) Sales Mgr., 

• Auer Rcgiftter Co,* 3608 Payne Ave„ Cleve- 
land, and GO Fourth Ave,, Berea, Ohio. 


CUSHING* C. F. (>y 1938) Sales Promotion 
Mgr., • The Bryant Heater Co., 17825 St. 
Clair Ave., and 13415 S. Woodland Ave., 
Cleveland, Ohio. 

CUSHING* R. C. (A 19*10) Control Engr., 
• Mmne.npoli&-Honeywell Rcr.ulator Co., 1136 
Howard St., San Francisco 3, and 2352 Hil- 
gard Ave , Berkeley 4, Cahf. 

CUTLER, Joseph A. (A/ 1916) (Council, 1920- 
26) Pres & Gen. Mgr., • Johnson Service 
Co , 507 E. Michigan St., Milwaukee 2, and 
4811 N. Lake Dr., Milwaukee 11, Wis. 

CUTTING, Richard H. (M 1942) Archt. Engr., 
Garfield, Harris, Rohinson & Schafer, Archi- 
tects, 915 National City Bank Bklg , Cleve- 
land, and ♦ 3795 Glenwood Rd., CJleveland 
Heights, Ohio. 


D < 

DABBS, John T. (A 1940) 1st Lt , C. A. C.* 
c/o Postmaster, A. P. O. 937, Seattle, Wash,, 
and • 330 N. Green St., Tupelo, Miss. 
DADDARTO* Frank T. (J 1939) Ensign, U.S. 

N.R., B.O.Q. 85, N.A.S., Alameda, Calif. 
DAFTER, Edwin H. (M 1938) Sales Engr., 

• Carrier Corp., 12 S. 12th St., Philadelphia 
7, and 117 Crosshill Rd., Overbrook Hills, 
Philadelphia 31, Pa. 

DAHL, Lawrence J. (S 1943) West End Dormi- 
tories, Room B62, Bremerton, Wash. 
DAIII^GREN, G. E. (A 1940) Mgr., Insulation 
Dept., • Thorkelsson, Ltd., 1331 Spruce St-, 

• and 492 Sprague St, Winnipeg, Man., Can- 
ada. 

DAHLSTROM, Godfrey A. (A/ 1043; A 1927) 
Moch. Engr., Fcsleral Cartridge Co., New 
Brighton, and • 3721~47th Avc., S., Min- 
» neapolis, Minn. 

DAITSH, Abe (A 1944 ; J 1938) Air Cond. and 
RoCrig. Kiigr., • General Assurance Bldg., 86 
SL. George’s St, Cape Town, South Africa. 
DALTON, Robert T. (A 1913) Engr. and Ser- 
vice, Dalton Engineering, Sales and Service, 
3602 East 138th St., Cleveland 20, Ohio. 
DALY, Robert B. (At 1031) • American Radi- 
ator & Standard Sanitary Corp., P. O. Box 
1226, Pitthburgh, and 271 Konforest Dr., Mt. 
Lebanon, Pa. 

D’AMBLY, A. Ernest (A7 1924; J 1921) Owner, 

• A. Ernest D’Ambly, Rm. 1120, 1700 Wal- 
nut St, and 1835 DeLancey St., Philadelphia, 
Pa. 

DANIEL, William E. (A 1941 ; J 1939) Junior 
Partner, • E. Ashby & Co., 20 Upper Ground, 
Black Fnars, London. an<l 91 Dudley House, 
Westmoreland St, Londem, W, 1, Englahd. 
(Now in Service), 

DANIELSON. Wilmot A.* (AI 1935) Brig. 
General, • tJ.S.A., Memphis Army Service 
Forces Depot, Memphis 2, and R, 3, Box 416, 
Memphis. Tenn. 

DANOWITZ. Chester J, (J 1912) Knsifoi, U. S. 

Navy, and • 7G Poplar Ave,, Red Bank, N. J, 
DARLING, A. B. (A 1920) Comptroller, • Dar- 
ling Brothers, Ltd., F. 0, Box 187, and 4009 
Grey Ave., Montreal, Quo., Canada, 
DARTANGTON, Allan P. (M 1030) Mgr., 
Power Enuip. Div., • Ainoricnn Blower Corp., 
Box 58, Roosevelt Park Annex, and 17611 
Santa Rosa Dr., Detroit, Mich. 

DARTS, John A. (A? 1919) Kewanee Boiler 
Co., Inc.. 101 Park Ave., Now York, N. Y. 
DASXNG, Emil (Af 1937) Design Engr., Sears, 
Roebuck & Co„ 926 S. Homan Ave., amt 

• 2618 W. Eastwood Avc., Chicago 25, 111. 
DAUBER. Oscar W, (Af 1937) Consulting 

Engr., • 224 S- Michiitnn Ave., Chicago, and 
532 Greenwood Avo., Kenilworth, 111. 
DAUCH, Emtl O. (M 1021} Pres,, • McCormick 
Plumbing Supply Co., 1676 Bagley Avc., and 
729 Bedford Rd., Grosse Point Park, Detroit, 
Mich. 
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DAVEY, Geoffrey I. (.1/ 1937 1 • Gutteridge, 
Haskms & Dax'ey, 60 Hunter St , and 
“Netherby,” Bangalla St , Warrawee, Syd- 
ney, Australia. 

DAVIDSON, John C. (M 1940 ; J 1936) Lt. (jg) 
U.S.N.R., Navy No. 726, c/o Fleet Post 
Office, New York. N. Y. 

DAVIDSON, D. Clifford (M 1927) Partner. 

• Davidson & Hunger, 220 S. 16th St., Phila- 
delphia, and 322 Winding Way, Merion, Pa. 

DAVIDSON, P, L. (M 1924; J 1921) Con- 
sulting Engr., Elcheonda, New Hope, Pa. 
DAVIES, George W. (M 1918) Mgr., • G. W. 
Davies & Co., 19 Maelaggan St., Dunedin, 
C. 1, and P, O. Box 390, Dunedin, N. 2, 
Colinswood, Macandrew Bay, New Zealand. 
DAVIES, Richard H. iJ 1943) Htg.-Vtg. & 
Mech- Engr,, Ministry of Supply, British 
Government, and * 0/0 29 Grove Rd., Bridg- 
end, Glamorgan, South Wales, England. 
DAVIS, Bert C. {Life Member ; M 1904) (Coun- 
cil, 1917) Pres., American Warming & Venti- 
lating Co., 317 Pennsylvania Ave., Elmira, 
and • Big Flats, N. Y. 

DAVIS, C. R. {M 1927) Mgr., • Johnson Ser- 
vice Co., 2328 Locust St., St. Louis, and 7534 
Westmoreland Dr., Clayton, Mo. 

DAVIS, Charles (M 1938) U. S. Navy (Sea 
Bees), Chief Petty Officer, U.S.N-R., and 

• 1066 Walton Ave., New York, N. Y. 
DAVIS, Clemant A. L. (A 1942) Mgr., H. F. 

Dept., John H. Kitchen & Co., 1016 Balti- 
more, Kansas City 6, and • 5441 Jackson, 
Kansas City 4, Mo. 

DAVIS, Donald W., Jr. (J 1939) Dist Mgr., 

• B. F. Sturtevant Co., 854 Empire Bldg., 
and 840 E, Heniy Clay St., Milwaukee, Wis. 

DAVIS, Edward J. (A 1943, J 1938) Sales 
Engr., Gurney Foundry Co., Ltd., 4 Junction 
Rd., and • 224 St, Clements Ave,, Toronto, 
Ont., Canada. 

DAVIS, George C, (.V/ 1989, J 1936) Vice- 
Pres., • Northern Public Service Corp., Ltd., 
307 Power Bldg., and 366 Ash St., Winnipeg, 
Man., Canada 

DAVIS, George L., Jr, (.4, 1988) Estimator, 
R. L, Spitzley Heating Co., 1200 W. Fort St., 
Detroit, and • 1220 Beaconsfield St., Grosse 
Point Park, Mich. 

DAVIS, Joseph \M 1927 ; A 1926) Owner, 
Engr. and Contractor, • 70 W. Chippewa St., 
and 166 Huntington Ave., Buffalo, N. Y, 
DAVIS, Keith T. (M 1937) Chief Engr., • Bry- 
ant Heater Co., 17826 St. Clair Ave., Cleve- 
land, and 2984 Claremont, Shaker Heights, 
Ohio, 

DAVIS, Maurice M. (J 1943) In Service, and 

• 1530 Shendan Ave., New York, N. Y. 
DAVIS, Otis E. {M 1929 ; A 1925) Sales Engr., 

• Hoffman Specialty Co., Box 98, and 1502 
Fourth Ave., Scottsbluff, Nebr. 

DAVIS, Telford R. (M 1942) Mech. Engr, 
Indianapolis Power & Light Co., 1230 W. 
Morris St., Indianapolis 6, and *1311 N. 
Drexel, Indianapolis 1, Ind. 

DAVISON, Robert L. (M 1934) Dir, of Re- 
search • John B Pierce Foundation, 40 W. 
40th St , New York 18, N. Y- 
DAWSON, Engene F. {M 1934) Dir. School of 
Mech. Engrg.. • University of Oklahoma, and 
701 N. Porter St., Norman, Okla. 

DAY, Harold C. (A 1934) Mgr., Buffalo Sales 
Office • American Radiator & Standard Sani- 
tary Corp, 1807 Elmwood Ave., Buffalo, 
and 223 Woodcrest Blvd., Kenmore, N. Y. 
DAY, Irving M. (A 1936) Sales Engi., • Binks 
Manufacturing Co., 718 Mills Bldg, Wash- 
ington, D, C , and 405 Cumberland Ave., 
Chevy Chase, Md. 

DAY. V. S.* (M 1924) Exec. Asst .• Carrier 
Corp,, Syracuse, N. Y. 


DEAN, Carl H. (M 1936) Htg. Engr., • Okla- 
homa Natural Gas Co.. Box 871, and 1532 
East 35th St„ Tulsa, Okla. 

DEAN, Charles L. (M 1932) Assoc. Prof. 
Mech. Engrg., University of Wisconsin, 306 
University Extension Bldg., and • 102 Grand 
Ave., Madison, Wis. 

DEAN, David (M 1937) Pvt., U. S. Army, and 

• 171 Radford St., Yonkers, N. Y. 

DEAN, Frank J., Jr. (A 1942 . J 1935 ; S 1934) 

Pies., Temperature Engineering Corp., 133S 
McGee St., Kansas City, Mo. 

DEAN, Marshall H. {J 1938 ; S 1936) Secy - 
Treas., Tempeiature Engineering Co., 1888 
McGee St , and * 209 East 46th St., Kansas 
City, Mo. 

DEEVES, Edward W. (A 1944 ; J 1940) Part- 
ner • Fred Deeves & Sons, 1422-17th Ave., 
W., and 2403 33rd St„ W., Calgary, Alta., 
Canada. 

DeFLON, James G. {J 1942) The Fluor Corp., 
2500 Atlantic Blvd., and • 2563 Fidelia, Los 
Angeles. Calif. 

DEGILIO, Louis (J 1943) Refrigeration, R. 
Elder Ltd , 26 Soho St., and ♦ 32 Fulton Ave,, 
Toronto, Ont., Canada. 

DEHLER, Frank C. {M 1944) Chemical Engr., 

• The Davison Chemical Corp., 20 Hopkins 
PL, and 3439 Guilford Terrace, Baltimore, 
Md. 


DeLAND, Charles W. (M 1924, J 1923) Secy.- 
Treas,, • C. W. Johnson, Inc., 211 N. Des- 
plames St., and 2021 Estes Ave , Chicago, 111. 

DeLAUREAL, William D. (J 1940) Capt., 
U. S. Army and • 818 S. Canollton Ave., 
New Orleans, La. 

DEMAREST, Richard T. (J 1938) Personnel 
Mgr., Fitzgibbons Boilei Co., Inc., 23 Mercer 
St., Oswego, N Y. 

deMENA, L. Isabel (A 1942) Student, National 
School, and • 1287 ^2 Plymouth Blvd., Los 
Angeles, Calif. 

DEMETER, Julius (.4 1939) c/o Julio Donosc 
D., Calle Catedral 1472, and • Casilla 9209, 
Santiago, Chile, South America. 

DEMING, Roy E. (M 1941; A 1989) Design 
Engr., • Kalamazoo Stove & Furnace Co., 
and 2831 E. Main, Kalamazoo, Mich, 

DEMPSEY, S. J. (A 1938) Owner, • Stephen J. 
Dempsey Co , 79 Harvard St., Battle Creek, 
Mich. 

DeNEILLE, J. Lawrence (M 1920) Pres., 
• Eichler Heating Co., 2125 Locust St., and 
7227 Maryland Ave., St Louis, Mo. 


DENHAM, Howard S. (AI 1939) Mech. Checker, 
Stone & Webster, 149 Federal St., Boston, 
and • 80 Dexter St., Malden, Mass. 

DENNY, Harold R. (.4 1934) Eastern Mer- 
chandise Mgr., • American Blower Corp,, 50 
W. 40th St., New York, N. Y., and 429 
Edge-wood Ave., Westfield, N. J. 
DEPPMANN, Ray L. (.4 1937 ) Owner, • R. L. 
Deppmann Co., 6853 Hamilton Ave., Detroit, 
Mich. 

DERER, Bernard (A 1940) Designer and Esti- 
mator, New Biunswick Roofing & Cornice 
Works, 8-10 Jelm St., New Brunswick, N, J., 
and • 66 Pierrepont St , Brooklyn, N. Y. 
DeSALES, Monteiro, Jr. <A/ 1939) Chief Engr., 

• Isnar-d & Co., Rua de Lavradie 67 1'’, and 
Rua Senador Vergueire 193 2®, Rio de Ja- 
neiro, Brazil, South America. 

DeSOMMA, A. Edward (A 1943 ; J 1937) 
Assoc. Engr., Navy Dept., Bureau of Ships. 
Washington, D. C., and * 619 Greenwood 
Ave., Takoma Park, Md. 

Des REIS, John F. iM 1936) Regional Mgr,, 

• Latin America Carrier Corp., and 103 
Huntleigh Park Dr., Fayetteville, N. Y. 

DETEl^ING, W. C. (A 1937) • General Elec- 
tric Co , 670 Lexington Ave., New York, and 
82 W. Milton St., Freeport, L. L, N, Y. 


24 



ROU OF MEMBERSHIP 


DEVER, Henry F. (M 1936 ; A 1935) Vice-Pres. 
in charge of Engrg., Minneapolis-Honey well 
Regulator Co., and • 4303 West 49th St., 
Minneapolis 10, Minn. 

DEVLIN, John (M 1940) Partner, • Devlin 
Bros., 1003 Maritime Bldg., and 6100 Pitt 
St., New Orleans, La. 

DEVORE, An&us B. tA 1937) Sales Engr., 

• James A. Messer Co., 1206 K St., N.W., 
and 4817-36th St., N.W., Washington, D. C. 

DeWITT, Earl S. (A 1936) Branch Mgr., 

• American Blower Corp., 1211 Commercial 
Bank Bldg., and 2323 Biiarwood Rd., Char- 
lotte, N. C. 

DIAMOND, David D. (A 1942 ; J 1937) • Staff 
Sgt. 801st Sig. Trg. Bn., Co. B, Gamp Mur- 
phy, Fla., and 151C Sargent St , St. Paul, 
Minn 

DIBBLE, Samuel E." (M 1917) (Pi esidential 
Member) (Pros., 1925; 1st Vice-Pres., 1924; 
2nd Vice-Pres , 1922 ; Council, 1921-26) Supt., 
Patton Masonic School for Boys, Elizabeth- 
town, Pa. 

DICK, Harold S. 1942; S 1040) • Pvt, 
32913384, 361 Engr. Regt., Co. A, Camp 
Claiborne, La„ and • 1236 Park Ave., Ho- 
boken, N. J. 

DICKASON, Gray D. (.nf 1938) Pres., • Gene- 
see Heating Service, Inc., 960 Mercantile 
Bldg., Rochester, 4, N. Y. 

DICKENS, Lester A. (A 1941) Treas., • Dick- 
ens Scheufler Burens, Inc., 3969 Mayfield Rd., 
Cleveland Heights 18, and 3710 Grosvenor 
Rd., Cleveland Heights, Ohio. 

DICKENSON, Malcolm E. (M 1936) Pres., 

• Livingston Stoker Co., Ltd., 33 Sanford 
Ave„ S., and 964 Cumberland Ave., Hamil- 
ton, Ont., Canada. 

DICKEY, Arthur J. (M 1921) Vice-Pres., Gen. 
Mgr,, C. A. Dunham Co,, Ltd., 1628 Daven- 
port Rd., Toronto 4, and • 9 Mossom PI., 
Toronto 3, Ont., Canada. 

DICKINSON, Neville S* (A 1943) Pres., • Mo- 
tor Sales & Engineering Co., Inc., 1060 Broad 
St., Newark 2, and 507 Richmond Ave., 
Maplewood, N. J. 

DICKINSON, Robert P., Jr. (J 1938) Sr. 
Inspcc., Ship Construction, U. S. Navy Dept., 
American Bridge Co. Shipyard, Ambridge, 
and • 521 S. Lang Ave., Pittsburgh 8, Pa. 

DICKSON, Donald R. (S 3941) 1st Lt., A.C.. 
U. S. Army Air Forces, and • 1901 Berry, 
Houston 4, Texas. 

DICKSON, George P. (M 1919), Mgr,, • B. F. 
Siurtevant Co., Haddon & Crostmont Ave., 
Camden, and 430 Coorer St., Woodbury, N. J. 

DICKSON Robert B. (M 1919) Pres., • Kewa- 
nee Boiler Corp., and 145 E. Division St„ 
Kewanee, 111. 

DICKSON, Robert W., Jr. (A 1943; J 1938) 
Major, Air Corps, D. S. Army, and • 1001 
North 22nd St., Boise, Idaho. 

DIETER, George H. 1941) Project Engr., 

• The Fluor Corp., Ltd., 2600 S, Atlantic 
Blvd„ Los Angeles 22, and 618 N. Kenwood 
St„ Glendale 6, Calif. 

DIETZ, C. Fred (M 193H) • Haynea-Blankin 
Coil).. 1X24 Spring Garden St., Philadelphia 
23, and 1216 Allengrcve St„ Philadelphia 24, 
Pa, 

DILL, Richard S.* <.1/1939) Chief, Heat Trans- 
fer Section, Nntkmal Bureau of Standards, 
Wiu'hington, I>. C., and • 1603 S. Spring- 
wood Dr.. Silver Spring, Md, 

DILLENDER, Eugene A. < U 19.39) Pvt., U. S. 
Army, and 1692 McCullough, San Antonio 
2, Texas. 

DLNHAM. Robert E. iS 1943) Student, Oni- 
versity of Minnesota, and ♦ 1120 Fourth St., 
S,K, Minneapolb, Minn. 


DION. A. M. (M 1937) Flying Officer, Royal 
Canadian Air Force, #3 Training Command, 
276 St, James St., and • 5250 Ponsard Ave., 
Montreal, Que., Canada. 

DISNEY, Melvin A. (M 1942; A 1934) Engr., 
War Department, 8th Service Command, 
Heating and Fuel Unit, and • 3601 Prince- 
ton, Dallas 6, Tex. 

DISTEL, Robert E. (M 1941; J 1938) Gen. 
Mgr., Distel Heating Equipment Co., 404-406 
Kalamazoo Plaza, Lansing, and 547 Bailey 
St., East Lansing, and • P, O. Box 133, 
Lansing, Mich. 

DIVER, M. L. (M 1925) Consulting Engr., 
1104^ Main Ave., and • P. O. Box 1016. 
San Antonio 6, Texas. 

DIXON, A. G. (M 1928) Mgr. Htg. Div , • Mo- 
dme Manufacturing Co., and 442 Wolff St., 
Racine, Wis. 

DODDS, Forrest F. (M 1920) Mgr., Kansas 
City Sales Office, • American Radiator & 
Standard Sanitary Corp., 1002 Walnut St., 
and 4600 Mill Creek Pkwy., Kansas City, Mo. 

DODGE, Harry A. (M 1936) Elec. Engr,, S. H. 
Kress & Co.. 114 Fifth Ave., and • 514 West 
End Ave., New York 24, N. Y. 

DOERING, F. L. (M 1919) Repr., American 
Radiator & Standard Sanitary Corp., 238 
Boston Ave., Lynchburg, Va. 

DOHERTY, John J, (A 1942) Treas., • Fells 
Plumbing & Heating Co., Inc., 654 Main St., 
and 194 Forest St., Winchester, Mass, 

DOLAN, Raymond G. (JVf 1926; ♦/ 1922) Secy.- 
Treas., • Tom Dolan Heating Co., Inc., 614- 
16 W. Grand, Oklahoma City 2, and 708 
N.W. 40th.. Oklahoma City. Okla. 

DOLAN, William H. (A 1941 ; J 1927) Pres., 
• The Jennison Co., 17 Putnam St., and 65 
Highland Ave., Fitchburg, Mass. 

DOME, Alan G. (A 1938 ; J 1936) Naval Arch., 
U. S. Maritime Commission, 1015 Chestnut 
St., and *314 E. Allen’s Lane, Philadelphia 
19, Pa. 

DOMINY, Charles B. (J 1942) Asbt. Engr., 
Ventilation Group, Design Sect., Puget Sound 
Navy Yard, and • P* O. Box 566, Biemcrton, 
Wash. 


DONELSON, William N. (M 1943; J 1937) 
Engr., Modine Manufacturing Co., and 
• Route 3, Box 89, Racine, Wis. 

DONNELLY. James A.* (Life Member ; M 1904) 
(Trees., 1912-14 ; Board of Governors, 1913 ; 
Council, 1914) Largent, W. Va. 

DONNELLY, Joseph P„ Sr. (M 1943) Div. 
Sales Mgr.-h'ield Engr,, Cleveland Steel Prod- 
ucts Corp., and • 409 Highland Ave., Upper 
Montclair, N. J. 

DONNELLY, Russell (M 1923) Nash Engineer- 
ing Co., 420 Lexington Avo,, New York 17, 
N. Y. 

DONOHOE, Charles P. (A1 1941) Tech. Engr., 
Central Heating D'ept., • The Detroit Edison 
Co„ 2000 Second Ave,, Detroit 26, and 10066 
Lincoln Dr„ Huntington Woods, Mich. 

DONOHOE, John B. (A 1937 ; J 1936) Engr., 
and Estimator, • B. F, Donohoe ^ Co., 61 
Albany St., Boston 9, and 23 Primrose St., 
Roslindalo 31, Mass. 

DONOVAN, William J. (A 1930) 2239 N. 27th 
St., Philadelphia, Pa. 

DORPAN. Morton L (M 1929) Consulting 
Engr., 836 Fourth Ave., and • 1217 Malvern 
Ave., Pittsburgh, Pa. 

DORNHEIM, G. A, (M 1912; J 1906) Vice- 
Pres., Buensod-Stacey, Inc., 60 E. 42n(l St., 
New York 17, and *15 Hamilton Ave., 
Bronx villa 8, N. Y. 

DORSEY, Francis C. (M 1920) Pros., • Francis 
C. Dorsey, Inc., 4520 Schenley Rd., and 212 
Gittings Ave., Baltimore, Md. 

DOSTER, Alexis (A 1934) Viee-Pre«. and 
Secy., * The Torrington Manufacturing Co., 
70 Frank lin St., Torrington, Conn. 
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DOUGHTY, Charles J. (M 1925) Miarray Hill 
Hotel, New York, N. Y. 

DOUGLASS, Thomas C. {U 1922) Secy., • Pa- 
cific Electrical and Mechanical Co., Inc., 
16th at Vermont, San Francisco 3, and 1416 
Alvarado Ave., Burlingrame, Calif. 

DOVENER, Robert F. (A 1941) Lt., U.S.N.R., 
and • 5012 Yorktown Rd., Greenacres, Md., 
c/o 16, D. C. 

DOWDELL, J. R. (A 1941) Owner, • J. R. 
D'owdell & Co,, 1003 Southwestern Life 
Bldg., Dallas 1, and 4400 Windsor Pkwy,, 
Dallas 5, Texas. 

DOWDY, Rufns B. (M 1939) Engr., • Haydn 
Myer Co., Inc., P. 0. Box 746, and 203 
Capitol Pkwy,, Montgomery, Ala. 

DOWLER, Edward A. (M 1937) 1st Lt., 
R.C.O.C., C.M.H.Q. Canadian Army, Eng- 
land, and • 9 Prince Arthur Ave., Toronto, 
Ont., Canada. 

DOWNE, Edward R. (M 1927) Engr., • C. A. 
Olsen Manufacturing Go., and 261 E. Broad 
St., Elyria, Ohio. 

DOWNES, A. H. (A 1937) Draftsman, Gay 
Engineering Corp., 2730 E. 11th St., Los 
Angeles, and • 1342^ Bond St., Los Angeles 
16, Calif. 

DOWNES, H. H. (H 1923) Dist. Mgr., • Ameri- 
can Blower Corp , 438 Woodward Bldg., and 
Lee Sheraton Hotel, Washington, D, C. 

DOWNES, Nate W. (M 1917) (Council, 1928- 
SO) Asst. Supt. in charge Bldgs, and Grounds, 
School Dist. of Kansas City, • 1840 E. Eighth 
St., Kansas City 1, and 2119 E. 68th St., 
Kansas City 5, Mo. 

DOWNING, Clarence B. (A 1938) Secy.-Treas., 

• N. B. Downing Co., Jefferson Ave., and 
Clark Ave., Milford, Del. 

DOWNS, Charles R. (M 1936) Ph. D., Chem- 
Bldg., 60 B. 41st St., New York 17, 

DOWNS, Sewell H* (M 1931) 1st Vice-Pres., 
1943 ; 2nd Vice-Pres., 1942 ; Council, 1986-43) 
Chief Engr., Clarage Fan Co., and • 1562 
Spruce Dr., Kalamazoo, Mich. 

DRAKE, George M. (A 1940; J 1936) Asst, 
Chief Engr., Cauld well -Wingate Co. & Poirier 
& McLane Corp., Orangebuig, and • c/o 
Pau^ Clements, Spook Rock Rd., Suffem, 

DBESSELL, Russell E. (iW 1942; A 1938) 
Mech. Engr., Riggs, Distler Co., Inc., 216 N. 
Calvert St., and ♦ 920 E. Preston St., Balti- 
more, Md. 

DRZEMEYER, Ray C. (A 1942; J 1937) Lt. 
(jg) U.S.N.R., Supvr. of Shipbuilding, and 

• 824 York St., Manitowoc, Wis. 

DRINKER, Philip* (M 1922) Prof, of Indus- 
trial Hygiene, • Harvard University, School 
of Public Health, 65 Shattuck St., Boston, 

Puddingstone Lane, Newton Center, 

DRISCOLL, William H.* {Life Member ; M 
1904) {Piemdential Member) (Pres., 1926; 
1st Vice-Pres., 1925 ; 2nd Vice-Pres., 1924 ; 
Treas., 1923; Council, 1918-27) Vice-Pres., 

• Carrier Corp., 300 S. Geddes St., Syracuse, 
N. Y,, and 60 Glenwood Ave., Jersey City, 
N, J. 


DROPKIN, David* (M 1942) Asst. Prof, of 
Meeh. Engrg., • College of Engineering, Cor- 
nell University, Ithaca, and Slaterville Rd., 
Ithaca, N. Y. 

DRUM, Leo J,, Jr, {J 1939) Capt., Engineer 
S^vme, Hdq. S. O. S., A. P. O. No. 871, 
c/o Postmaster, New York. N. Y., and • 7 

^Gilmer Ave., Montgomery, Ala. 

Robert L (A 1944) Gen. Foreman, Air 
Cond., Allison Division, General Motors 
Corp., Speedway City, and *27 N. Elizabeth 
St,, Indianapolis, Ind. 

DUBOIS, Louis J. {M 1931) York Corp., and 
• 454 Linden Ave., York, Pa. 


DUBRY, Ernest E. (M 1924) Asst Supt, 
Central Htg„ Detroit Edison Co., 2000 Second 
Ave., and • 9116 Dexter Blvd., Detroit Mich, 

DuCHATEAU, Manuel .F. (A 1942 ; J 1938) 
Mgr., Htg. Dept, • Crane Co., Washington 
St Viaduct, Atlanta 3, and 737 Barnett 
N.E., Atlanta, Ga. 

DUDLEY, William H.. Jr. (A 1940) Dist Mgr.. 
The Trane Co., 340 Audubon Blvd., New 
Orleans 15, La. 

DEFAULT, Felix H. (A 1936) Mgr., Furnace 
Div., • General Steel Wares, Ltd., 2355 Delisle 
St, and 6116 Bordeaux St, Apt 6, Montreal, 
Que., Canada. 

DUGAN, T. M. (M 1920) Sanitary-Htg. Engr., 
National Tube Co., Fourth Ave. and Locust 
St, and • 1308 Freemont St, McKeesport 
Pa. 

DUKEHART, Morton McI. {M 1942) Prop., 
Morton McI. Dukehart & Co., “TOitaker 
Bldg., Baltimore 2, Md., and • 419 Woodlawn 
Rd., Boland Park, Baltimore 10, Md. 

DULLE, WUlfred L. (A 1942; J 1936) Head 
Engr., E. E. Souther Iron Co., 1962 Kienlen 
Ave., St Louis County 20, and • 2910 Lincoln 
Ave-, Normandy 20, Mo. 

DUNCAN, William A. (A 1930) Mgr, Process 
Service, • Dominion Oxygen Co., Ltd., 169 
Bay St., and 71 Jackson Ave., Kingsway, 
Toronto, Ont, Canada. 

DUNHAM, Clayton A.*" {Life Member; M 1911) 
Pres.-Gen. Mgr., • C. A. Dunham Co., 450 E. 
Ohio St., Chicago, and 160 Maple Hill Rd., 
Glencoe, 111. 

DUNNE. R. V. D. (M 1937) • Carrier Corp., 
and 216 Robineau Rd., Syracuse, N. Y. 

DUPLANT, Jean L. (A 1940) • Maskati Ct., 
Queens Rd., Bombay, India, and 137-43-219 th 
St, Springfield Gardens, L. I., N. Y. 

DUPUIS, Joseph E. R. (M 1942; A 1936) 
Branch Mgr., * Trane Co. of Canada, Ltd., 
660 St Catherine St, W., Montreal, and 6642 
Queen Mary Rd., Hampstead, Que., Canada. 

DWYER, Thomas F. (M 1923) Chief, Htg. and 
Vtg. Div.,* Board of Education, 49 Platbush 
Ave. Ext, Brooklyn, and 82 Iris Ave., 
Floral Park, L. L, N. Y. 

DWYER, William H. (A 1944) Sales Mgr., 

• Central Supply Co., 210-230 S. Capitol 
Ave., and 6639 N. Kenwood Ave., Indian- 
apolis, Ind. 

DYER, Wilfrid S. (A 1939) Staff Sgt., 36411084, 
U. S. Army, and Partner, • H. W. Dyer 4b 
Sons, 92 Byron St, Battle Creek, Mich. 

DYKES, James B. (A 1939 ; J 1936) Vico-Pres., 

• T. A. Morrison & Co., Ltd., 1070 Bleury 
St., Montreal, and 42 Dobie Ave., Town of 
Mt. Royal, Que., Canada. 

E 


EADIE, J. G. {Life Member; M 1909) Consult- 
ing Engr., • Eadie, Freund & Campbell, 110 
West 40th St, New York, N. Y„ and 11 
Blackburn Rd., Summit, N. J. 

EAGLETON, Sterling P. {M 1936) Chief Engr. 
& Bldg, Supt, National Gallery of Art 
Fourth & Constitution Ave., Washington, 
p. G., and • 616 St. Andrews Lane, Silver 
Spring, Md. 


EAKHAKT, Joe S. {M 1943 ; J 1930) Vice-Pres. 
and Treas., * Thermxchanger, Inc., 1709 W. 
Eighth St., Los Angeles 14, and 845 S. Lor- 
raine Blvd., Los Angeles 6. Calif. 

EARLE, Frederic B. (M 1937) Owner, • Fred- 
eric B. Earle Co., 898 Norman St., Bridge- 
port, and 1636 Main St,. Stratford, Conn. 

EASTMAN, Carl B. {M 1932; J 1929) Engr., 
Wm. A. Goff, Broad St. Station Bldg., Phila- 
delphia, and • 630 Brookview Lane, Brook- 
line, Delaware Co., Pa. 
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EASTWOOD, E. 0. {M 1921) (Preaidmtidl 
Member) (Prea., 1942 ; lat Vice-Pres., 1941 ; 
2nd Vice-Pres., 1940 ; Council, 1931-33, 1937- 
48) Prof. Mcch. Engrg., • University of 
Washington, Seattle 6, and 4702-1 2th Ave., 
N.B„ Seattle, Wash. 

EASTWOOD, Harry P. (M 1926) Htg. Cons., 
Anthracite Industries Inc., 101 Park Ave., 
New York, and • 167 Prankel Blvd., Merrick, 
h. L. N. Y. 

EATON, Byron K. (M 1920) Mgr., Delco Heat 
Div., Omaha Appliance Co., 18 & St. Mary’s 
Ave., and • 817 S. 88th St., Omaha 5, Nebr. 
EATON, William G. M. (M 1942; A 1934) 
Sales Engr„ Pease Foundry Co, Ltd., 227 
Victoria St., and • 300 Wellesley St., Toronto 
6, Ont., Canada. 

EBEBT, William A. (M 1920) Owner, • Ebert 
Air Conditioning, 1026 W. Ashby PI., and 
2161 W, Kings Highway, San Antonio 1, 
Texas. 

ECKHARDT, Elroy, Jr, (J 1943) Partner, 

• James P. O’Neil Plumbing & Heating Co., 
2800 Howard Ave,, New Orleans, and 84 
Beverly Gardens, Metairie, La. 

EDGE, Alfred J. (M 1938) Cons. Engr., • 2864 
Olga PI., Jacksonville 5, Fla. 

EDWARDS, Arthur W. (M 1936) List. Mgr., 
The Trane Co.. 626 Broadway, and • 3422 
Paxton Ave., Cincinnati 8, Ohio, 

EDWARDS, C. Eugene (M 1942) • 3909 El 
Campo, Ft. Worth 7, Texas. 

EDWARDS, Don J. (A 1933) Vice-Pres., 

• General Heal & Appliance Co., 1266 Boyl- 
ston St., Boston, Mass. 

EDWARDS, Junius D.* (M 1986) Asst, Dir. 
of Research, • Aluminum Co. of Amenca, 
P. 0. Box 772, New Kensington, and 636 
Sixth St., Oakmont, Pa. 

EDWARDS, Paul A. (M 1919) Pres., • The G. 
F. nigglns Co., 608 Wabash Bldg., and 3074 
Pinehurst Ave.* Pittsburgh 16, Pa. 

EELLS, H. B. {M 1928) Barnes & Jones, 101 
Park Ave,, New York, N. Y. 

EGGEBS, William K. (8 1941) Lt. (jg) U.S. 
N.R., • U. S. Sub Base, Box 20, New Lon- 
don, Conn. 

EGGLESTON, Herbert L. (M 1938) Mgr., 
Mfg., Gilmore Oil Co., 2428 E. 28th St., Los 
Angeles U, and • 1017 Cumberland Rd., 
Glenrialo 2, Calif. 

EHLERS, Jacob {A 1939 ; J 1987) Engineer in 
Charge, Air Cond. Dept., • Air Conditioning 
& Engineering Co., Ltd., P, O, Box 7821, 
and 112 '12th St, Parkhurst, Johannesburgh, 
South Africa, 

EHRENKELLER, Adoiph (M 3924) Owner, 

• A. Ehtenaellcr, 829 Washington St, Dor- 
chester, and 28 Parklawn Rd., West Kox- 
bury, Maas. 

EHRLICH, M, WUliam (M 1916) M. £. Dept, 
The Kellcx Corp., New York, N. Y., and 

• 6$ Ridge Rd., Lyndhurst, N. J. 

RICHER, Hubert C. (M 1922) Chief School 

Plant Div., Dept, of Public Instruction, and 

• 207 North 80th St., Harripburg. Pa. 
EICHOLT2, Meryl V. (A 1942) Dist Mgr., 

Ilg Electric Ventilating Co„ 1012 N. Third 
St., Milwaukee 8, and * 2046 Pleasant St, 
Wauwatosa 18, Wis, 

FJSS, Robert M. (M 3933 ; J 1080) Process 
Engr., Kimberly-Clark Corp., P. 0, Box 81, 
and • Rt 1, Adella Beach, Ncenah, Wis. 
EKINGS. Robert M., Jr. (M 1988) Engr., Gen- 
eral Electric Co„ 6 Lawrence St., Bloomfield, 
and • Old Cheater Rd., Essex Fells, N. J* 
EKLUND, Karl G. (M 1938) Oonaulting Rngr., 

• Karl 0. Ekluuds Ingcnlorsbyra, A. B,, 
Brunkebergatorg 16, Stockholm, and Sloran- 
gen, Parkghvon 19, Sweden. 


ELIZARDX, Ralph (A 1943; J 1940) Engr., 
Materials, Process & Test, Consolidafced-Vul- 
tee Aircraft Corp., 7020 Franklin Ave., and 

• 2222 Dublin St, New Orleans 18, La. 
ELLINGSON, E. T. Palmer (M 1942) Cons. 

Arch. Engr., • 314 Savings Bldg., Oklahoma 
City 2, and 231 N.W. 27th St, Oklahoma 
City, Okla. 

ELLIOT, Edwin (M 1929) • Edwin Elliot & 
Co., 560 N, 16th St, and 408 W. Price St, 
Germantown, Philadelphia, Pa. 

ELLIOTT, Norton B- {A 1934) Indus. Field 
Engr., • American Blower Corp., 632 Fisher 
Bldg., Detroit 2, and 16025 Artesian Ave., 
Detroit 23, Mich. 

ELLIS, Frederick E. (M 1923) Sales Mgr., 

• Imperial Iron Corp., Ltd., 80 Jefferson 
Ave., Toronto 1, and 9 Montgomery Rd., To- 
ronto 9, Ont, Canada. 

ELLIS* Frederic R. (M 1918) Supt of Engrg., 
Harvard University, Lehman Hall, Cam- 
bridge, and • 131 Beacon St, Hyde Park, 
Mass. 

ELLIS, G. P. (M 1936) Combustion Engineer- 
ing Co., Inc., 1603 K St, N.W.. and • 3180 
Wisconsin Ave., Washington, D. C. 

ELLIS, George W. (J 1940) • 1906 Tremont, 
Fort Worth, Tex. 

ELLIS, Harry W. (Life Member; M 1928; A 
1909) Chairman of the Board, Johnson Ser- 
vice Co., 607 E. Michigan St., and • 2317 K 
Wyoming PI., Milwaukee 2, Wis. 

EILSIE, Robert L. (A 1948) Purchasing Agent 

• Atlas Engineering & Machine Co„ Ltd., 
14-16 Eastern Ave„ Toronto, and 19 Astor 
Ave., Lcaside, Ont., Canada. 

BLWOOD, Wmia H. (M 1936) 209 King St, 
Ithaca, N. Y. 

ELY, Roland S. (S 1940) Student Michigan 
State College, and • 525 Charles St., East 
Lansing, Mich. 

EMANUELS, Mason (A 1943; J 1939) Sales 
Engr., Pacific Scientific Co., 25 Stillman St, 
San Francisco, and • 2616 Slockbridge Dr., 
Oakland, Calif. 

EMERSON, Ralph R. (M 1922) Pres., Emer- 
son Swan Goudyer Co., 712 Beacon St, Bos- 
ton, and • 44 Whitney Rd., Newtonville, 
Mass. 

EMMERT, Luther D. (M 1919) Sales Repr., 

• Buffalo Forge Co„ 20 N. Wacker Dr,, Chi- 
cago, and 1704 Hinman Ave., Evanston, DL 

ENGDAHL, Richard B.* (A 1944; J 1938) Re- 
search Engr., • Battelle Memorial Institute, 
606 King Ave., Columbus 1, and 1243 Glenn 
Ave., Columbus 8, Ohio, 

ENGLE, Alfred (A 1923) Secy., * Jenkins Bros., 
80 White St., New York, and 1 Edgewooei 
Rd., Searsdale, N. Y. 

ENGLISH, Harrow (M 1986; A 1930) Pres., 

• English & Lauer, Inc., 1978 S. Los An- 
geles St, Los Angeles 11, and 616 S. Norton 
Ave., Xjos Angeles, Calif. 

ENSIGN, Willis A. (M 1986) Vice-Pres., Fron- 
tier Fuel on Corp., 886 Ellicott Sn. Bldg., 
Buftalo, and • Shadagee Rd., Eden, N. Y. 
EPPLE, Arnet B. (M 1048; J 1934) Asst 
Prof., • Michigan College of Mining & Tech- 
nology, College Ave., and 1214 E. 6lh Ave., 
Houghton, Mioh. 

EPSTEIN, Leon S. (J 1943) Asflo, Engr., U, S. 
Navy, I8lh & Constitution, and * 111 Ana- 
costia Rd., S.E„ Washington, D. 0. 
ERICKSON, Harry H. (A 1929) Sales Engr., 

• l^ynes-Blankin Corp., 1124 Spring Garden 
St, Philadelphia, and 26 Old Eagle School 
Rd,, Strafford, Pa, 

ERICSSON, Eric B. (M 1938) Engr.-Oustodian, 
Board of Education, 228 N. LaSalle St., and 

• 6720 Cregier Ave., Chicago, 111. 
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ERIKSON, Harald A. fM 1939) Vice-Pres.. 
A. B. Svenska Flaktfabriken, Kungsgatan 
16-18, Stockholm, and • Nockebyvagen 61, 
Nockeby, Sweden. 

ERISMAN, Percival H., Jr. (M 1936) Vice- 
Pres., • Washington Refrigeration Co., 1733- 
14th St., N.W., Washington, D'. C„ and Belle 
Haven, Alexandria, Va. 

ERNST, John F. (J 1944; S 1943) Senior 
Draftsman, Moore Drydock & Shipbuilding 
Co., East Yard Drafting Dept., Foot of Ade- 
line, and • 4634 Edgewood Ave., Oakland 2, 
Calif. 

ESCHENBACH, Sam P. (A 1943; J 1985) 
Capt., 62nd C A. fAA), Bayside, L. I., N. Y. 

ESKRA, G. N. (A 1944) Sales Engr., Pacific 
Metals Co., Ltd., 3100 19th St., and • 1543 
Cayuga Ave., San Francisco, Calif. 

ESPENSCHIED, Frederic P. (M 1940) Dist. 
Repr., American Air Filter Go., 410 Hill 
Bldg., 17th & St., N.W., and • 3373 

Stuyvesant PL, N.W., Washington 15, D. C. 

ESSLEY, Hubert A. (M 1941) • Taco Heaters 
Inc., 123 South St., and 42 Elton St., Provi- 
dence, R. I. 

ESTEP, L. G. (M 1936) Chief Engr., United 
Wall Paper Factories, Inc., 3330 W. Fillmore 
St., Chicago, and « 115 S. Catherine Ave., 
LaGrange, 111. 

ESTES, Edwin C. (A 1936) Chief Draftsman, 

• Northern Pacific Ry., 176 E. Fifth St., 
St. Paul 1, and R. R. 11, St. Paul 7, Minn. 

ETIE, W. R. (A 1943) Owner. • W. R. Etie 
Sheet Metal & Heating, 1224 Summer St., 
P. O. Box 4535, and 502 Bayland, Houston, 
Tmeas. 

EUTSLER, Eugene E., Jr. (J 1938} Active 
duty, Lt., U.S.N.R., e/o Industrial Manager, 
U.S.N., Eighth Naval Dist., New Federal 
Bldg., and • 631 Toulouse St., New Orleans, 
La. 

EVANS, Bruce L. (M 1938; A 1937) Htg. 
Engr.-Partner, Becker Marsden Co., 3818 
LindeU Blvd., St. Louis, and • 6334 Water- 
man Ave., University City 5, Mo. 

EVANS, Edwin C. (M 1919) Mgr., Buffalo 
Office, • B, F. Sturtevant Co., 602 Jackson 
Bldg., 220 Delaware Ave, Buffalo, and 66 
Summer St., Buffalo 9, N. Y. 

EVANS, Richard W.* (M 1940) Lt. Comdr., 
C,E,C.-V(S), U.S.N.R., Naval Training Sta- 
tion, Great Lakes, 111., and • 1912 Emerson 
Ave, S., Minneapolis, Minn. 

EVANS, WiUiam A. (M 1918) Dist. Mgr.. 

• Aerofin Corp., 1121 Fidelity Bldg., Cleve- 
land 14, and 3301 Lansmere Rd., Shaker 
Heights 22, Ohio. 

EVANS, WiUiam H. (A 1943) Gen. Mgr., 

• Minneapolis-HoneyweU Regulator Co., Ltd., 
117 Peter St., and 102 Pine Crest Rd., To- 
ronto, Ont., Canada. 

EVELETH, Charles F.* (Life Member ; M 1911) 
Wilbur Watson & Associates, 4614 Prospect 
Ave., and • 2030 East 116th St., Cleveland, 
Ohio. 

EVEREST, R. Harry (Af 1935) Engrg. & Sales, 
Sheldons, Ltd., Galt, and • 235 Waterloo St., 
S., Preston, Ont., Canada. 

EVERETTS, John, Jr.* (M 1938; A 1936; 
J 1929) Lt., • U. S. Navy, Supervisor of 
Shipbuilding, Bethlehem Shipbuilding Co., 
20th & Illinois Sts., San Francisco, Calif. 

EWENS, Frank G.* (M 1937) Htg. Engr., 
Defense Industries, Ltd., 1156 Beaver 
Sq., and • Apt, 14, 4800 Cote Des Neiges Rd., 
Montreal, Que., Canada. 

EYNON, Walter E. (M 1943) Pres. & Treas., 

• The A. C. Eynon Plumbing Co., 236 Wal- 
nut Ave., N.B., Canton 1, and 708 Fourth St., 
N.W., Canton 8, Ohio. 


EZZ-EL-DIN, Kamal (A 1941 ; J 1938) Service 
Mgr., Carrier-Egypt, S.A.E., 87 Sharia Kasr 
El Nil, and • No. 78 Sharia Helwan, Munira, 
Cairo, Egypt. 

F 

FABONG, Walter D. (A 1937) Sales Mgr,, 

• Sterling Electric Motors, Inc., 5401 Tele- 
grraph Rd., Los Angeles 22, and 1950 Del 
Mar Ave., San Marino, Calif. 

FAGAN, Lawrence E. (A 1942) Gen. Sales 
Mgr., • Chatham Malleable & Steel Products, 
Ltd., 512 C.P.R. Bldg., Toronto, Ont., Can- 
ada. 

FAGIN, Daniel J. (M 1932) Mgr. Sales Eng^. 
Div., ‘The Laclede Gas Light Co., 1017 Olive 
St., St. Louis 1, Mo. 

FAHNESTOCK, M. K.* (M 1927) Research 
Prof. & Asst. Dir., • Engineering Ibcperi- 
ment Sta., Universi^ of Illinois, 214 M.E. 
Laboratory, and 702 W. Vermont St., Ur- 
bana, UL 

FAILE, E. H. (M 1934) Cons. Engr., Retired, 

• R. F. D. 1, Westport, Conn. 

FALK, David S. (M 1948; J 1937) Asst. Ind. 
Hyg. Engr. (R), U. S. Public Health Ser- 
vice, National Institute of Health, Bethesda, 
Md., and • 111 S. Ravena Blvd., Ann Arbor, 
Mich. 

FALTENBACHER, Harry J. (M 1930) Owner, 

• Harry J. Faltenbacher, 235 E. Wister St., 
Philadelphia 44, Pa. 

PALVET, John D. (M 1922) Cons. Engr., • 316 
N. Eighth St., St. Louis, and 6636 Pershing 
Ave., University City, Mo. 

FANNING, BrroU C. (M 1941) Engr., • Atlas 
Heating & Ventilating Co., Ltd., 557 Fourth 
St„ San Francisco, and 24 Oval Rd., Oak- 
land 11, Calif. 

FARBMAN, Leonard X. (A 1942; J 1985) 
Secy.-Treas., • M. Farbman & Sons, Inc., 331 
W. 69th St., and 10 W. 65th St., New York, 
N. Y. 

FARLEY, W. P. (M 1930) Sales Repr., Ameri- 
can Radiator & Standard Sanitary Corp., 60 
W, 40th St., New York, and • 28 Elm St., 
New Rochelle, N. Y. 

FARLEY, Willoughby S. (A 1941; J 1934) 
Capt., 104th Q.M. Regt., 29th Inf. Div., 
and • W. S. Farley, Contr, & Engr., 865 
Paxton Ave., Danville, Va. 

FARNES, Bert W. (M 1943 ; A 1938) Owner, 

• B. F. Fames Co., 3019 N.E. 26th Ave., 
Portland 12, Ore. 

FARNHAM, Roswell (M 1920) (Council, 1927- 
33) Dist. Mgr., Buffalo Forge Co., 490 Broad- 
way, and • 6 Clarendon PL, Buffalo 9, N. Y. 
FARRAR, Cecil W. (M 1920 ; A 1918) (Treas,, 
1930 ; Council, 1930) Sales Engrg., Eaton 
Steel, Hay-Adams House, Washington, D. C., 
and • 29 Oakland PL, Buffalo, N. Y. 
FARRELL, Edward J. (M 1943) Partner. 

• Farrell & White, 409 Griswold St., Detroit 
26, and 3472 Gray Ave., Detroit 15, Mich. 

FARRINGTON, S. Edward (M 1940) Engr., 
Carrier Corp., and • 3123 Rawle St., Phila- 
delphia 24, Pa. 

FARROW. E. E. (A 1988) Pres., E. E. Far- 
row, Inc,, and *1618 Kings Highway, Dallas, 
Texas. 

FARROW, Hollis L. (A 1942 ; J 1937) Service 
& Installation Mgr., Sprague Breed Stevens 
& Newhall, Inc., 153 Broad SI., and * 73 
Victory Rd., Lynn, Mass. 

FATZ, Joseph L. (M 1935) Htg.-Vtg. & Des. 
Engr., Board of Education, Rm. 636, 228 N. 
LaSalle St, Chicago 1, and • 6914 W. North 
Ave., Chicago 39, UL 

FAULKNER, John H. (M 1941) Partner, 

• Langdon-Faulkner Co., 966 Dexter Horton 
Bldg.. Seattle 4, and Mercer Island, Wash. 
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FAUST, Frank H.> (M 1936; J 1980) Comm. 
Engr., • General Electric Co., 5 Lawrence 
St., Bloomfield, and 239 Vreeland Ave., Kat< 
ley, N, J. 

FAXON, Harold C. (M 1937) In Service, and 

• 1621~19th St, N.W., Washington, D. C. 
FEAR, S. Lome (M 1938) Asst Mech. Engr., 

• Hydro Electric Power Commission of On- 
tario. 620 University Ave , Toronto 2, and 18 
Vesta Dr., Toronto 10, Ont, Canada. 

FEBREY, Ernest J, (Li/e Member; M 1903) 
Pres., • E. J. Febrey, Inc., 616 New York 
Ave., N.W., Washington 1, and 2831 Cathe- 
dral Ave., N.W,, Washington, D. C, 

FEDER, Nathan (J 1938) ]^gr„ Chemical 
Construction Co., 30 Rockefeller Plaza, and 

• 1319 Morrison Ave., New York 59, N, Y. 
FKEHAN, John B. {Life Member; M 1928) 

Pres.-Treas., • John B. Feehan, Inc., 58 
Spring St., Lynn, and 4 Longview Dr., 
Marblehead, Mass. 

FEELY, Frank J. {M 1935 ; A 1929) Mgr. of 
Sales, Taylor Snpply Co., 700 Monroe Ave., 
and • 960 Tiombley Rd., Grosse Pointe Park, 
Detroit, Mich. 

FEHLIG, John B. {Life Member; M 1018) 
Mgr., * Excelsior Furnace Co., 628 Delaware 
Ave., and 2927 Brooklyn Ave., Kansas City, 
Mo. 

FEHLIG, John B., Jr. (A 1941) Mgr., Excel- 
sior Heating Supply Div., 528 Delaware St, 
and • 6412 Paseo, Kansas City, Mo. 
FEILZER, Joseph H. (J 1944 ; S 1943) Mech. 
Engr., McQuay, Inc., 1728 Broadway, N.E., 
and • 2909 39th Ave., S., Minneapolis 6, 
Minn. 

FEINBBBG. Emanuel (A 1944; J 1937) Gen. 
Mgr.. • Thermalair Engineering Co., 321 
Stephenson Bldg., Detroit 2, and 8359 Cort- 
land Ave., Apt 407, Detroit 6, Mich. 
FEIRN, William H. (M 1938) Bngr., C. A. 
Hooper Co., 453 W, Gilman, and • Shorewood 
Hills, Madison, Wia. 

PEITEL, J. York (A 1948) Pres., • Jordy 
Engineering Co., Inc., 818 Kfoward Ave., and 
2512 Burdette St., New Orleans, La. 
FELDEBMANN, William (A 1937) Pres., 

• Walton Laboratories, Inc., 1186 Grove St, 
Irvington 11, and 367 Irving Ave., South 
Orange, N. J. 

FELDMAN, A. M,*» (Ufa Member; M 1908) 
Cons. Engr. Retired, * 320 Central Park 
West.* New York, N. Y. 

FELDSTEIN, Harold (./ 1988) Major. Ord- 
nance Dept,, War Dept, Tank-Automotive 
Center, Union Guardian Bldg., Detroit 26, 
and • 3 7327 Fielding, Detroit 19, Mich. 

PELS, Arthur B. (M 1919) Pres., • Tho Fels 
Co., 42 Union St., Portland, and Yarmouth, 
Me, 

FELTWELL, Robert H. (Life Member; M 
1906) Htg. Engr., National Bureau of Stand- 
ards, and • 1847 Michigan Ave., N,B„ Wash- 
ington 17, D. 0. 

FENNER. N. Paul (.4 1928; J 1927) Dist 
Office Mgi*„ • Ho/fman Specialty Co„ ISO N. 
WelN St,, Chicago, and 227 Berteau Ave., 
Elmhurst, 111. 

FENSTERMAKBR, S. E. <M 1009) Partner, 

• S. E. Fenstermaker & Co., 937 Architects 
& Buildeis Bldg., Indianapolis, and Carmel, 
Tnd. 

FBNSTERMAKEIL Sidney E*, Jr. (J 1948) 
Field Engr., • American Blower Corp., 626 
Architects de Builders Bldg., Indianapolis 4, 
and Box 463, Carmel, Xnd. 
FENSTERMAKER, Ward R, (J 1944) A!r 
Cond. Engr., Allison Engineering Division, 
General Motors Corp,, Speedway City, and 

• 4525 Marcy Lane, Indianapolis, Iml. 


FERDBRBER, Murray B., M.D.* (M 1938> 
Gapt., • U. S. Army Air Corps, Westover 
Field, Chicopee Falls, Mass., and 6722 Fifth 
Ave,, Pittsburgh, Pa. 

FERGESTAD, Marvin L. (M 1938; J 1985) 
Sales Engr., « The Pacific Lumber Co., 35 E. 
Wacker Drive, and 5044 Marine Drive, Chi- 
cago, HI. 

FERGUSON, Ralph R. (M 1984; A 1927 ; 
J 1926) Mgr. Air Cond. Dept., American 
Blower Corp., 60 West 40th St., New York, 
N. Y., and ♦ 77 Edgewood Ave., West Or- 
ange, N. J. 

FERRIS, Arthur L. (A 1941) Repr., ♦ Hart & 
Cooley Mfg. Co., 103 Douglas Ave., Toronto, 
Ont., Canada. 

FIDELIUS, Walter R. (M 1936) Supt, Combat 
Tank Div., Fitzgibbons Boiler Co., Inc., and 

• 118 W. Fourth St., Oswego, N. Y. 

FIEDLER, Harry W. (M 1923) Owner, • Air 

Conditioning Utilities Co., 8 West 40th St., 
New York, and 16 Dobbs Terrace, Scaredale, 
N. Y. 

FIFE, G. Donald (M 1987; A 1981; J 1929) 
Engr., U. S. Rubber Co., 1230 Sixth Ave , 
New York 20, N. Y., and • 65 Tomac Ave , 
Old Greenwich, Conn. 

FINLAY. Alvin E. (M 1942) Htg. Engr., Port- 
land Gas & Coke Co., 132 N.W. Flanders 
St., Portland 9, and • 4919 N.E. 13th Ave., 
Portland 11, Ore, 

FINN, Charles W. (M 1944) Mech. Engr,, 

• Boeing Aircraft Corp., and 529 North 
137fch St., Seattle, Wash. 

FINNEY, Brandon (M 1937) Htg. Engr,, Bran- 
don Finney & Associates, and • 721 Via de 
La Paz, Pacific Palisades, Calif. 

FINNIGAN, WiUiam T. (M 1939) Mgr, & 
Engr., • !94nnigan Bros., 1421 Southeast 20th 
Ave., and 1634 Southeast 29th Ave., Port- 
land, Ore. 

FIRESTONE, M, T. (M 1939) Mgr. of Dealers 
Northeastern Dist., • Carrier Corp., 406 Lex- 
ington Ave., and 65 Park Terrace East, New 
York, N. Y. 

FISCHER, Frank P. (.1 1940) Owner, • Frank 
P. Fischer Engineering Co„ 412 Dryades St., 
New Orleans 13, and 1820 Audubon St., New 
Orleans 18, La. 

FISCHER, Lawrence W. (A 1944; J 1937) 
General Bldg., Co-Ordinator, Sperrs^ Gyro- 
scope Co., Lake Success, and • 9 Win wood 
Court, Islip, N. Y. 

FISHER, Bert P. (A 1943) Owner, • Southern 
Furnace & Supply Co., P. 0. Box 92, Hous- 
ton 1, Texas, 

PITTS, Joseph C. (W 1930) Secy., Heating, 
Piping & Air Conditioning Contractors Na- 
tional Assn., 1250 Sixth Ave., New York, 
N. Y,, and *215 Kenilworth Rd„ Ridgewood, 
N. J. 

FITZ, Jean Chandler (M 1924) Engr., W.P.B., 
Chanin Bldg., Now York, and • 406 Webster 
Ave., New Rochelle. N. Y. 

FITZGERALD, Matthew J. (M 1984) Pres., 
Standard Asbestos Mfg. Co., 820 W. Lake 
St., Chicago, and • 1117 N. Linden Ave,, 
Oak Park, III. 

FITZGERALD, William B. (A 1943; J 1986; 
5 1935) Capt., U. S. Army, and Pres,, 

• Fitzgerald Plumbing & Heating Co., Inc., 
989 Louisiana Ave., Shreveijort, La. 

FITZMORRIS, Thomas B. (A 1948) Supt, 
Power, General Mills, Inc., 2917 Guinotte 
Ave., Kansas City, Mo., and • 647 Washing- 
ton Blvd., Kansas City, Kan. 

PITZSIMONS, J* P. (M 1941 ; A 1940 ; J 1984 ; 
S 1982) Mgr, Air Cond. Dept., • Trane Co. 
of Canada, Ltd.. 4 Mowat Ave., and 61 
Burnaby Blvd., Toronto, Ont., Canada. 

FLANAGAN, James B. (A 1939) Sales Mgr., 
Warden-King, Ltd-, 2104 Bennett Ave,, Mon- 
treal, Que., Canada. 
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FLARSHEIM, Clarence A. (A 1940; J 1933) 
1st Lt., AAF Training Aids D'iv., 1 Park 
Ave., New York, N, Y, 

PLEAK, WiUiam D. (A 1938) Lab. Bngr., 
Industrial Training Inst., 2141 Lawrence 
Ave., and • 4636 N. Mozart St., Chicago, 111. 

FLEISHER, Walter L.* (M 1914) (Presidential 
Member) (Pres., 1941 ; 1st Vice-Pres., 1940 ; 
2nd Vice-Pres., 1989 ; Council, 1936-42) Pres., 

• Air & Refrigeration Corp., 475 Fifth Ave., 
New York, N. Y. 

FLEMING, Paul B. (M 1941) Cons. Engr., 

• Paul B, Fleming, 708 Rockefeller Bldg., 
Cleveland, and 20859 Erie Rd., Rocky River, 
Ohio. 

FLINK, Carl H. (M 1928) Tech. Secy., 

• American Society of Heating and Ventilat- 
ing Engineers, 61 Madison Ave., New York 
10, and 166 Summit Ave., Mt. Vernon, N. Y, 

FLINN, J. D. {M 1943) Engr., • J. J. Nolan 
and Co., 78 Washington Ave., and 1616 Vol- 
lentine Ave., Memphis, Tenn. 

PUNT, CoU T. {M 1919) Sales Mgr., The H.B. 
Smith Go., Inc., 104 Hanover St., Boston, 
and • 8 Searle Ave., Brookline, Mass. 

FLOBETH, John J. (M 1989) Lt. (ig) U.S. 
N.R., and • 924 S. Crescent, Park Ridge. HL 

PLUCKBY, Kenneth N. {J 1940) P.A. Engr. 
(R), •U. S. PubHc Health Serv., Indus. 
Hygiene Engr., Oregon State Board of 
Health, 410 Oregon Bldg., Portland 4, and 
8561 E. Burnside St., Portland 16, Ore, 

PLY, E. Paul (J 1942) Hdgtr. Co., 80th U.S. 
N.C.B., Fleet Post Office, New York, N. Y., 
and • 2806 Brightwood Ave., Nashville 4, 
Tenn. 

FOGG, Joseph H. (A 1942; J 1940) Naval 
Archt., U. S. Maritime Commission, Dept, 
of Commerce Bldg., Washington, D. C., and 
• 217 E. Bellefonte Ave., Alexandria, Va. 

FOLEY, John J. (A 1938) Pres., • Weather- 
makers (Canada) Ltd., 693 Adelaide St., W., 
and 176 Cortleigh Blvd., Toronto, Ont., 
Canada. 

FOLEY, John L. (M 1938) Precipitron Spe- 
cialist, Westinghouse Electric & Mfg. Co., 
306 Fourth Ave., Pittsburgh, Pa., and • 3567 
Riedham Rd., Shaker Heights, Ohio. 

FOLSOM, Rolfe A. (M 1938) Vice-Pres., • W. 
B. Ames Co., 160 Hooper St, San Francisco, 
and 2411 Easton Dr., Burlingame, Calif. 

FOOTE, Avery G. (M 1937) • Curtiss-Wright 
Corp., Research Laboratory, Plant 5, Air- 
port, Buffalo 5, N, Y. 

FOOTE, Earle E. (M 1936) Gen. Supt., Con- 
sumers Central Heating Co., 108 East 11th 
St,, and • 3412 North 28th St., Tacoma, 
Wash, 

FORBES, Homer B. (/ 1941 ; S 1938) Lt. (jg) 
U.S.N.R,, • Naval Air Station, c/o Torpedo 
Shop, Ft. Louderdale, Fla., and 309 N.E. 
River Dr., Ft Louderdale, Fla. 

FORDERBRUGGEN, Kevin J. (A 1941 ; J 1938) 
Lt-Col., • 266th AAA Bn.. A.P.O. 730, 
Seattle, Wash. 

FORFAR, D. M. (M 1917) Mech. Engr., • Grin- 
nell Co., Inc., 240 Seventh Ave., S., and 
4817 Emerson Ave., S., Minneapolis, Minn. 

FORRESTER, Norman J. (A 1936) Mgr., Con- 
tract Div., The Garth Co., 760 Belair Ave., 
and • 4800 Westmore Ave., Montreal, Que., 
Canada. 

FORSBERG, William {M 1919) Secy., • The 
Hopson & Chapin Manufacturing Go., 281 
State St, New London, Conn. 

PORSLDND, Oliver A, (M 1986) Owner & 
Gen. Mgr., Porslund Pump & Machinery Co., 
1717-19 Main St, l^nsas City 8, and • 108th 
St & State Line, Kansas City 5, Mo. 

FOSS, Edwin B. (A 1936) Dist Mgr., • The 
Powers Regulator Co., 407 Bona Allen Bldg,, 
Atlanta 3, and 267 Bolling Rd., N.E., At- 
lanta, Ga. 


FOSTER, Charles (Life Member; M 1928) 
Cons. Engr., • 816 Medical Arts Bldg., Duluth 
2, and 2831 E. First St, Duluth, Minn. 
FOSTER, John G. (J 1938) Lt, 0-439,706, 
8th Photo Squadron, A. P. O. 929, c/o Post- 
master, San Francisco, Calif., and • 2635 
Sedgwick Ave., New York, N. Y. 

FOULDS, P- A. L. (M 1916) Consulting Engr. 
(Partner), • 110 State St, Boston, and 72 
Whitin Ave., Revere, Mass. 

FOWLES, Harry H. (A 1940 ; J 1934) Engr. & 
Estimator, V. J. Kenneally Co., 104 Hanover 
St, Boston, Mass., and • 4 Haskell St, Au- 
burn, Me. 

FOX, Ernest (M 1935) Asst, Engr., • C. A. 
Dunham Co., Ltd., 1528 Davenport Rd., and 
531 Rushton Rd., Toronto, Ont., Canada. 
FOX, John H. (M 1935) Lt. Col., Canadian 
Army, Fifth Canadian Armoured Troops, 
Workshop, R. G. O. C., and • 37 MacDonell 
Ave., Toronto, Ont, Canada. 

FOX, W. L. (A 1944) Ehigr., XT. S. Machine 
Corp., Lebanon, and • 2035 N. Delaware St., 
Indianapolis, Ind. 

FRANCK, Peter* (J 1938) Rogers Diesel & 
Aircraft Corp., 1120 Leggett Ave., Bronx., 
and • SSll A 69th St., Jackson Heights, 
L. I.. N. Y. 

FRANK, John M. (M 1918; A 1912) Pres., 

• Dg Electric Ventilating Co., 2860 N. Craw- 
ford Ave., Chicago, and 1152 Ghatffelds Rd., 
Hubbard Woods, 111. 

PRANK, Olive E. Mrs.+ (M 1919) Pres,, 

• Frank Heaters, Inc , 521 East 40th St, 
Paterson, and Algonquin Trail, Pines Lake, 

N. J. 

FRANKEL, Gilbert S. (M 1926) Mgr., Federal 
& Marine Dept., Buffalo Forge Co., 612 
Woodward Bldg., Washington, D. C., and 

• 6800 Kirkside Drive, Chevy Chase, Md. 
FRANKFURT. W. W. (M 1943) Chief Mech. 

Engr., Austin Co., Skirvin Tower, and • 701 
N.W. 81st St., Oklahoma City, Okla. 
FRANKLE, Harry R. (M 1941) Partner, * Mid- 
west Air Control, 726 Grand Ave., and 647 
44th St., Des Moines, Iowa. 

FRANKLIN, Ralph S. (M 1919) * 320 Grove 
St., Melrose, Mass. 

FRANKLIN, Samuel H., Jr. (A 1938) 204 
Colonial Court, Lynchburg, Va. 

FRASER, James J. (A 1936) Mngng. Dir., 

• Honeywell-Brown, Ltd., Wadsworth Rd., 
Perivale, Greenford, Middlesex, England. 

FRAZIER, J. Earl (A 1936) Viee-Pres.-Treas., 

• Frazier-Simplex, Inc., 436 East Beau St, 
and 7 Wilmont Ave., Washington, Pa. 

FREDl^ICK, Holmes W. (M 1937) Htg, Engr., 
Cornell University, Morrill Hall, and • 103 
Harvard PI., Ithaca, N. Y. 
freeman; Alfred W. (J 1940; S 1939) Lt 
(Army Pilot), • 446 Fighter Sqdn., Leesburg, 
Fla., and 81-06-88th St., Jackson Heights, 
N. y. 

freeman, Edwin M. (A 1937) Vice-Pres., 

• Canadian Asbestos Co., 322 Youville Sq., 
and 685 Rockland Ave., Montreal, Que., 
Canada. 

FREEMAN, J, Albert (A 1940 : J 1938) Part- 
ner Engr., • Western Engineering Co., 1623 
Southeast 11th Ave,, Portland 14, and 4436 
Southwest Dosch Rd., Portland 1, Ore. 
FRBESTROM, Arthur (A 1941) Sales Engr., 

• O. Freiert Co., Alpena, Mich, 

FREUE, W. P. (M 1943) Engr., Mgr., Eefrig. 
& Air Cond. Div., • Hayes Brothers, Inc., 
236 W. Vermont St. and 6411 West Morris 
St, Indianapolis 8, Ind. 

FREITAG. Frederic G, (M 1932) • 64 Elm 
Ave., Mt. Vernon, N. Y. 

FRENCH, Donald (M 1926) Vice-Pres., • Car- 
rier Corp., Syracuse, and Box 288, Caze- 
novia, N, Y. 
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FEENTZEL, Herman C. (M 1936) Wks. Mgr,, 
The Hell Co., 8000 W. Montana St., and 

* 4363 N. Wildwood Ave., Milwaukee 11, Wis. 
FRIEDLEE, Joseph J., Jr. (M 1940) So. Dist. 

Mgrr,, • Ht? Electric Ventilating Co., 304 
Natchez Bldg., and 6411 Fontainhleau D'r., 
New Orleans, La. 

FRIEDLXEB, Morton J. (J 1942) Htg.-Vent. & 
Air Cond. Engr., Air & Refrigeration Corp., 
475 Fifth Ave-, New York, and • 66-60 Booth 
St., Forest Hills, N. Y. 

FRIEDLINE, James M. (A 1942; J 1937) 
Capt., Plymouth, Iowa, 

FRIEDMAN, Arthur (A 1936) Pres., • Air Con- 
trols, Inc., 2310 Superior Ave.. Cleveland 14, 
and 15700 S. Morland Blvd., Shaker Heights, 
Ohio. 

FRIEDMAN, David H., Jr. (M 1936) Major, 

• C.E. Post Engineer, U. S. Army, Ft. 
McClellan, Ala., and 531 Whitney Ave., New 
Haven, Conn. 

FRIEDMAN, F. J.*- (M 1921) Moch. Engr., 

• McDcugall & Frie^an, 1235 McGill Col- 
lege Ave., and 1200 Mackay St., Montreal, 
Que., Canada. 

FRIEDMAN, Milton (A 1939 ; J 1935 ; S 1933) 
H. F. Klaviruhn, General Contractor, 84-24 
82nd St., Jackson Heights, and • 383 West 
End Ave., Apt. 14C, New York, N. Y. 
FRIEND, Walter F. (M 1941) Mech, Engr., 

* Ebaseo Services, Inc., 2 Rector St., New 
York 6, and 131 Riverside Drive, New York 
24, N. Y. 

FRITSCHE, Carl (M 1943) Mcrrell-Anderson 
Co., Inc., 77 No. 14th St., Newark, and • 424 
Park Ave , East Orange, N, J. 

FKITZBERG, Lawrence H. (M 1941 ; J 1931) 
Engr., Acrofm Corp., 410 S. Geddes St., and 

• 143 Dorwin Avo., Syracu.se 5, N. Y. 
FROBLICH, H. Allen (A 1939) Gen. Mgr., 

♦ The Glen’ Aire Cooler Co., 110 W. Seventh 
St., Box 190, and 133 W. Seventh St., 
Junction City, Kan. 

FULLER, Charles A. (M 1913) (Council, 1917) 
Partner, • Slocum & Fuller, 18 E. 41st St., 
New York, and 601 E. Fifth St., Mt. Vernon. 
N. y. 

FULLER, Elbridge W. (M 1938) Engr., Nor- 
ton R. Gaujre Co., 601 N- Maine Ave., Miami 
32, and • 1524 Garcia Ave., Coral Gables, Flo* 
FULLER, Roger A. (M 1941) Lieut. Comdr., 
U.S.N.R,, • Upper West Ward-20, Fitzsimons 
General Hospital, Denver 8, Colo. 
FULLMAN, James B. (J 1941) Ensign, U. S. 
Navy Reserve, Bldg. 3, 10th Floor* Brooklyn 
Navy Yard, and • 26 East 10th St., New 
York 3, N. Y. 

FULMOR, Ira P. (Jf 1942) Owner. • Air Con- 
ditioning Co. of Southern Calif., 1003 Santa 
Fe Ave,, Los Angeles 21, and 2085 E. Foot- 
hill lilvd., Altadena, Calif. 

FURBER, Stanley L. (A 1941) Modutrol Div., 
MinneapoliH-Honcyweli Regulator Co., 3101 
Gillham J^laza, and ♦ 13 66 East G6lh St., 
Kansas City, Mo. 


GABLE, H. R. (A 1939) Design Engr., • Union 
Steel Products Co., 600 N. Berrien, and 917 
N. Clinton, Albion, Mich, 

GAIR, Kenneth B. {A 3943; J 1039) Super- 
visor, Aircraft School, Briggs Indiana Coxp., 
and ♦ 1712 E. Gum St., Evansville, Xnd. 

GALLMEIER, Sigmund H. (M 1943) Mech. 
Engr., Argonaut Realty Division, General 
Motors CorP‘i 307 General Motors Research 
Bl%.i Second & Milwaukee, and • 18496 
Hone. Detroit, Mich 

GALLOWAY, David (M 1941) Sales Engr., 
• Bowen Refrigeration Supplies, 811 Peach- 
tree, Atlanta, and 1015 E. Lake Drive., De- 
catur, Ga. 


GALLOWAY, Max W. (J 1944) Foreman, 
Allison Division, General Motors Corp., and 

• 1428 N. Pennsylvania St., Indianapolis, 
Ind. 

GAMBLE, Cary B. (M 1910; A 1936) Cons. 
Engr., • 3432 Upperline St,, New Orleans 16, 
La. 

GAMMILL, O. Elbridge, Jr. (M 1940 ; A 1937 ; 
J 1930) Sales Engr., • Carrier Corp , 710 N, 
Harwood, and 4421 Glenv'ood St , Dallas, Tex. 
GANNON, Russell R. (M 1939) Owner, • Rus- 
sell R. Gannon Co., 223 Gwynne Bldg., and 
6442 Grand Vista Ave., Pleasant Ridge, Cin- 
cinnati, Ohio. 

GANT, H. PJ (M 1915) (Presidential Msmher) 
(Pres., 1923 , 1st Vice-Prea,, 1922 ; 2nd Vice- 
Pres., 1921 ; Council 1918 ; 1921-24) Dir. of 
Planning, Philadelphia Ordnance District, 160 
S. Broad St., Philadelphia, and • R. D. 1, 
Glenmoore, Pa. 

GARBER, WilUam E.. Jr. (A 1944; J 1938) 
Sales Mgr., Farquar Htg. Service Co., “3406 
E. Tent h St., Indianapolis, and • Rural Route 

1, Fairland, Ind. 

GARDNER. C. Rollins (A 1937) Vice-Pres., 

• Martyn Brothers, Inc,, 911 Camp St., Dallas 

2, and 4417 E. Lancaster Ave., Ft, Worth 8, 
Texas. 

GARDNER, Marvin K. (J 1944) Naval Archt., 

• U. S. Maritime Commission, 310 S. Michi- 
gan, Chicago, and 817 Washington, Evanston, 
HI. 

GARDNER, Wdliam (A 1921) Garden City 
Fan Co., 382 S. Michigan Ave., and * 7836 
Loomis Blvd , Chicago, 111. 

GARNEAU, Leo (M 1938; J 1930) Sales Engr., 

• C. A. Dunham Co., Ltd., Rm. 832 Dominion 
Square Bldg., 1010 Ste. Catherine St., W., 
Montreal, and 34 Coolbreeze Ave., Lakeside, 
Que., Canada. 

GARRARD, Walter M. (M 1941) Owner, • Gar- 
rard & Co., 813 Bona Allen Bldg., Atlanta, 
Ga. 

GARRISON, C. Hill (M 1943) Owner, • 0. H. 
Garrison Co., 406 West 34th St., Kansas City 
2, and R. F. D. 3, Lee's Summit, Mo, 
GATES. A. S., Jr. (M 1943; A 1941) Engr. 
(Naval Arch.) Bureau of Ships, Code 638, 
Navy Dept., Washington, D. 0., and • 111 
County Rd., Kensington, Md. 

GATES, James N. (M 1944) Htg., Vtg. & Air 
Cond. Engr., Air Conditioning Engineering 
Co., 90 Memorial Dr., Cambridge, and * 49 
Vinal Ave,, Somorvillc, Mass. 

GAULEY, E. R. (/I 1036) Deputy Administra- 
tor of ITumbing, Heating and Air Cond, 
Supplies, • Wartime l-^rices & Trade Board, 
410 Victoria Bldg., Ottawa, and 4 Galley 
Ave., Toronto, Ont., Canada. 

GAULT, George W. (J 1037; S 1934) Capt., 
C. B„ U. S. Army, Camp Claib<;me, Louisi- 
ana, and • 403 Luray Ave., Alexandria, Va, 
GAUSE, H. Cheater (M 1987) Indust. Pr.Engr., 
Alabama Power Co., 1002 Alabama Power 
Oo. Bldg., 600 North 18th St., Birmingham 
2, and • 3916 Montevallo Rd., Birmingham 9, 
Ala. 

GAUSEWITZ, WilUam H, (A 1937) Pres., 

• Yale Engineers, Inc., 2919 Fremont S., 
and 1321 W. Minnehaha Pkwy., Minneapolis, 
Minn. 

GAUSMAN, Carl E. (U 1928) Partner, Gans- 
man & Moore, 1026 Ii'irst National Bank 
Bldg., and * 2360 Chilcombe Avo„ St. Paul, 
Minn. 

GAVIN, Joseph A. (M 1944) Mech. Engr., 
Eastern Aircraft-Trenton Division, General 
Motors Corp., Parkway Ave., Trenton, N, J„ 
and * 89 E, Hendriclmoa Ave., Morrisville, 
Pa. 
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GAYLORD, Frank H. 1921) Vice-Pies. 

• Hoffman Specialty Co., Inc., 130 N. Well's 
St , Chicago, and 362 N. York St , Elmhurst, 
111 

CAYMAN, Paul (M 193S> Branch Mgr , • John- 
son Service Co , 2142 East 19th St Cleve- 
land, and 20875 Endsley Ave., Rocky River. 
Ohio. 

GAYNER, James (ili 1937) Cons. Engr , • 260 
California St., San Francisco 11, and 327 
Magnolia Ave , Piedmont, Calif. 

GEBEL, Kurt M. (J 1944; S 1940) CpL. 
U- S. Army Air Forces, Link & CNT Dept., 
Wendovter Field, Utah, and • 229-120th St , 
Rockaway Beach, N. Y. 

GEHRS, Wm. (A 1939) Br. Mgr., • Johnson 
Service Co , 316 American Bank Bldg , and 
3801 S.E, Woodward St., Portland, Ore 
GEIGER, Irvin H. (M 1919) Reg. Prof. Engr., 

• 410 Telegraph Bldg., and 240 Maclay St., 
Harrisburg, Pa. 

GEIGER, Raymond L. (M 1989) Mech. Engr., 
Austin Co., Noble Bd. & Euclid Ave., and 

• 1536 Dille Bd., Euclid, Ohio. 

GEIRINGER, Paul L. (M 1943) Licensed Prof. 

Engr., Jackson & Moreland Engrs., 31 St. 
James Ave., Boston, and • 11 Blake St , New- 
tonville, Bfess. 

GELTZ, R. W, (A 1943 ; J 1936) Branch Engr., 
York Gorp., 2700 Washington Ave., and 

• 14213 Glenside Rd., Cleveland, Ohio. 
GENONE, Henry W. (M 1941) Vice-Pres., in 

Charge of Engrg., • Dinkier Hotels, Co-, Inc., 
Ansley Hotel, and 1898 Wycliff Rd., N.E., 
Atlanta, Ga, 

GERMAIN, Oscar (M 1985) Vice-Pres., Ger- 
main & Frere, Ltd., 237 St. Antoine St., and 

• 1343 Boulevard St. Louis, Trois-Eivieres, 
P. Q., Canada. 

GERRISH, GranviUe B. (A 1936 ; J 1930) Asst, 
to Gen. Plant Mgr., Fitzgibbons Boiler Co., 
Oswego, N. Y., and * 26 Standish Rd-, Mel- 
rose, Mass. 

GERRISH, Harry E. (M 1910) (Council, 1919) 
Pres., • Morgan-Gerrish Co., 307 Essex Bldg., 
and 4584 S. Fremont Ave., Minneapolis, Minn. 
GERSTENBERGER, Edgar J. (A 1938) Secy.- 
Treas., Glendale Supply Co., 1819 W. Glen- 
dale Ave., Milwaukee 9, and • 3824 North 
17th St., Milwaukee 6, Wis. 

GESSELL, B. T. (M 1941) • W. E, Lewis & 
Co., 610 Thomas Bldg., Dallas 1, and 2705 E. 
Amherst, Dallas 5, Texas. 

GETSCHOW, Roy M. (M 1919) Pres., • Phil- 
lips-Getschow Co., 32 W. Hubbard St., Chi- 
cago, and 122 Woodstock, Kenilworth, 111. 
GEZARI, Zvi (A 1941) Research Dir., Indus- 
trial Device Corp., 202 East 44th St., and 

• 10 West 66th St., New York 23, N. Y, 
GHOSE, Khagendra N. (A 1938) Cons. Engr., 

17 State St., New York, N. Y., and • 39 
Ramkanta Bose St, Bagh Bazar, Calcutta, 
India. 

GHOSH, Bidha B- (A 1944 ; J 1939) Industrial 
Planning Officer (Civil & Progress), War 
Supply Board, Government of India. 6, Es- 
planade East, and • 16, Lansdowne Terrace, 
Calcutta, India. 

GIANNINI, Mario C. (M 1985) Asso. Prof, of 
Mech. Engrg., • Dir War Training Program, 
New York University, University Heights 58, 
and 322 Read Ave., Crestwood, N, Y. 
GIBBONS. Michael J. (Af 1914) Gen. Mgr., 
M. J. Gibbons Supply Co., 601-631 E. Monu- 
ment Ave., and • 116 Thruston Blvd., Day- 
ton, Ohio, 

GIBBS. Edward W. (Life Member; M 1919) 
Pres., • The Smith-Gibhs Co., 201 S, Main 
St., and 89 President Ave., Providence, R. I. 


GIESECKE. F. E.' (LiyV Vcwifx*. . 

(Fteside^Uial Memhei) (Pies., 1940, l^i ^''lee- 
Pres., 1939; 2nd Vice-Pies., 1938. Council, 
1932-41) • Texas A. & M. College, College 
Station, Texas. 

GIFFORD, Clarence A. (A 1934) Sales, Ameri- 
can Radiator & Standaid Sanitary Corp., 
1807 Elmwood Ave, Buffalo, and* 78 Roy- 
croft Blvd., Snyder, N. Y. 

GIFFORD, Edmund W. (M 1933; J 1929) Dist. 
Mgr., • Himelblau Byfield & Co.,^ 611 N. 
Broadway, Milwaukee 2, and 2431 North 85th 
St , Wauwatosa 13, Wis. 

GIFFORD, Robert L. {Life Mcmhry ; 1/ 1908) 
Pres., Illinois Engineering Co., lUx St. & 
Racine Ave., Chicago 8, 111., and • 1231 S. 
El Molmo Ave., Pasadena 5, CaUf, 
GIGUERE, George H. (M 1920) Mech. Engr., 

• Smith, Hmchman & Grylls, 300 Marciuctte 
Bldg., and 2253 Burns, Detroit, Mioh. 

GILBERT, Leslie S. (M 1937) Owner, * Gilbert 
Engineering Co., 1305 Ijiberty Bank Bldg., 
Dallas 1, and 3713 Southwestern Blvd., Dallas 
6, Texas. 

GILBERT, Thomas (A 1940) Salts Engr,, Em- 
pire Brass Mfg. Co., Ltd., London, Ont,, and 

• 8 Clark St., St. Catharines, Ont., Canada. 
GILBOY, John P. (M 1924) Sr. Member, • John 

P, Gilboy Co., 503 Scranton Electric Bldg., 
and 621 Arthur Ave., Scranton, Pa. 
GILLILAND, Lesley L. (A 19i2) Opoiating 
Engr., Gadsden Ordnance Plant, (jAilsden, 
and • Rt. 1, Attalla, Ala. 

GILMAN, Franklin W. (M 1935) Plant Engr., 

• Loft Candy Corp., 38-38 Ninth St , Long 
Island City, N. Y., and The Chalhani, 20th 
& Walnut Sts., Philadelphia, Pa. 

GILMOREl, John L. (A 1938) Owner, • John L. 
Gilmore, Htg -Vtg., 1625 Cochran Ave., and 
1604 Union St., Brunswick, Ga. 

GILMORE, Louis A. (A 1940 ; J 1935 ; X 1930) 
Vice-Pres., John Gilmore & Co., 115 South 
11th St., and • 7256 Pershing Ave., St. Louif*. 
Mo. 

GINN, Tony M. (M 1936) Gen, Mgr . • Tony 
M. Ginn Co., 214-24 Fifth St., S., Great 
Falls, Mont. 

GINZBURG, Nicola (M 1942) M. E., Marine 
Vent. Design Engr., The Pusey St .hmcH 
Corp., Front & Poplar St., Wilmington, and 

• 5 Maple Ave., Claymont, Del. 
GITTERMAN, Henry (A 1937) Precipitron 

Specialist, Weslinghouse Electric & Manu- 
facturing Co., 40 Wall St., New York, and 

• Yorktown Heights, N. Y. 

GITTLESON, Harold (A 1936) Sale.^ Mgr., 

LaRiviere, Inc., 3716 St. Lawrence Blvd., 
Montreal, and • 1126 Lajoio Ave., Outremont, 
Que-, Canada. 

GIVIN, Albert W. (A 1925) Vice-Pros,, ♦ The 
Gurney Foundry Co., Ltd., 4 Junction Rd., 
Toronto, and R. R, 2, Frcman, Onl„ Canada. 
GJERTSEN, George (S 1940) • 20 E, Prcslon 
St., Baltimore, Md, 

GLANCE, Alvin C. (At 1943) Field Engr., 
Anthracite Industries, Inc., 101 Pai'k Ave., 
New York 17, N. Y., and • R, D. No. 2, 
Allentown, Pa. 

GLASS, Robert (A 1943) See.-Treas.. • Part- 
ridge-Halliday, Ltd,, 144 Lombard St,, Win- 
nipeg, and 85 Claremont Ave., Ni^rsvood* 
Man., Canada. 

GLASS, Waiiam (M 1934) Pum. & Mgr., 

• Partridge-Halliday, Ltd., 144 Lombard St., 
Winnipeg, and 190 Braemar Ave.. Norwood, 
Man., Canada. 

GODFREY, J, E. (J 1938) Gen. Foreman, 
Saginaw Steering Gear Div., General Motor* 
Corp., McDonough & Sawtell Rd., and * 1711 
Cornell Rd., N.E., Atlanta, Ga, 

GOEHLEnX, Elmer E. (A 1939) * 1921 S.E. 
Grand Ave,, Portland, Ore, 
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«OELZ, Arnold H. {M 1931) Pres., • Kroesch«ll 
Enirineerinp: Co., 215 W. Onlano St„ Ghi- 
tajro, and 827 Greenwood Ave , Wilmette, III. 

GO ERG, B. {M 1928) • American Radiator & 
Standard Sanitary Corp , G75 Bronx River 
Kd., Yonkers, N Y 

GOERGENS, Albert G. (A 19JJ8) Engr., U S 
War Dept., Munitions Bldg., Washington, 
D. C , and • 817 Chalfonte Dr., Alexandria, 
Va. 


GOFF, John A.' (M 1939) Dean, • Towne Sci- 
entific School, University of Pennsylvania, 
Philadelphia, and 623 Hightei-s Mill Rd., 
Penn Valley, Pa. 

GOINS, E, H. (M 1941) Dist. Repi , * Warren 
Webster & Co., 420 Market St., San Fran- 
cisco XI, and 2363 Laguna St, San Fran- 
cisco 16, Calif. 


GOLDBERG, Moses {A 1934) Pres., Electric 
Motors Corp., 168 Centre St, New York 13, 
and • 886 E. Eighth Sf , Brooklyn 30, N. Y, 

GOLD MANN, Philipp (J 1942 ; S 1940) Engr., 
Carrier Corp., S. Geddes St., and • 238 Fei- 
lowh Ave, Syracuse, N. Y. 

GOLDNER, Herman W. (M 1914) Pres., 
• Herman Goldner Co., Inc., 426 W, Lehigh 
Ave., and 7416 Euston Rd., Philadelphia, Pa. 

GOLDSMITH, Elliot (A 1942; J 1939) 32, 
799604, Tech. 6th Grade, Group S Regulating 
Station, A. P.0, 4868, c/o Postmaster, New 
York, N. Y. 

GOLDSMITH, F. W. (M 1936) Pres ,• The 
W, Claamann Co., 613 E. Day Ave., Milwau- 
kee 11, and 629 E. Day Ave, Milwaukee 11, 
Wis. 


GOLI^ W. A. (/t 1937) Kngr„ • Sylvania Elec- 
tric Products Inc., 4423 Pine Si., Omaha, 
Nobr. 

GONZALEZ, Rafael A. (M 1936) Cap! , U. S. 
Army, Ord. Dept., Tank Automotive Center, 
Union Guardian Bldg., and • 1185 N. Clark 
St , Detroit 9, Mich, 

GOOD, Charles S. (-/ 1941; S 1939) Partner, 
A. 0. Good & Sons, Plbg. & Htg., 620 
Rcbocca Ave., and • 102 Cascade Rd , Pitts- 
burgh 21, Pa. 

GOODMAN, Arthur L, Gl 1943) County Ap- 
pliani'o Sc Engrg. Co., 666 E. Tremont Ave., 
Bninx, and *182 Bennett Ave., New York, 

N. y. 

GOODMAN, C. E. (A/ 1940) Mgr., R. P, All- 
sop, Cons. Engr., 1221 Bay St,. Toronto, 
and • 619 Cassellb St., North Bay, Ont., 
Canada. 

GOODMAN, William (A/ 1941) The Trane Co., 
and * 211 North 23rd St., LaCrosse, Wis. 

OOODRAM, W, EL (M 1939 ; A 1936) Partner 
and Mgr., Goodram Bros., 88 King St., W., 
Hamilton, and • R, R. 2, Freeman, Ont., 
Canada. • 

GOODRICH, Charles P. (M 1919) Andrews & 
Goodrich, Inc., Boston, and • 3SU Adams St., 
D’orcht*Htor, Mass. 

GOODWIN, Eugene W, f M 1936) Mech. Kngr., 
Public Buildings Adminihtration, and • 7024 
Hawtwlen Lane, Bctheada 14, Md. 

GOODWIN, Samuel L. (Ltfc Member t M 1924) 
Cons. Engr,, John St Drew Eberson, 2 West 
47th New York, N. Y , and * 247 Madi- 
son Avom Hnsbrouek Heights, N. J, 

GOOHS, William E. (M 1944) Asst, to Plant 
Engr., Power Div„ Allison Division, General 
Motors Corp,, and • 6910 Indianola Ave., 
IndinnapoBs, Ind. 

GOKBANDT, Everett T. {M 1941) Engr. and 
l^artner, * Crawley-Gorbandt Co-, 118 W. 
i^‘;»:htr(H^ Place, N.W-» and 2288 N. Detuilur 
Rd., N.Em Atlantn, Ca. 

GORDON, Colin W, (A 1938) Vice-Pres., A. 0. 
Baird, LdJ., 286 LJsgar St„ and • 962 Shaw 
St., Toronto, Ont, Canada. 


GORDON, Peter B. (A 1938; J 1935) Tieas,, 

• Wolff & Munier, Inc., 222 East 4l6l St., 
New York, N. Y., and 35 Park Ave., Bloom- 
field, n. j. 

GORGEN, Roy E. (A 1940) Owner, • Roy E. 
Gorgen Co , 1014 Wesley Temple Bldg , an<l 
2120 W. Cedar Lake Blvd , Minneapolis, 
Mmn. 

GORNSTON. Michael H. (LifeMewbei , A 1923) 
Retired, Board of Education, City of New 
York, and * lll-32-76th Ave, FoieA Hills, 
L. I., N. Y. 

GOSS, Matthew H. (M 1921) Paitnei, • M. H. 
Goss Co„ 3409 Ludden St., Detroit 7, and 
1476 Seyburn Ave., Detroit 14, Mich. 
GOSSETT, Earl J. (M 1923) Pres., • Bell & 
Gossett Co., 8200 Austin Ave,, Morton Grove, 
111-, and 314 Woodland Ave., Wmnetka, 111. 
GOTHARD. William W. (A 1936) Gen. Mgi , 

• Domestic Engineering, 1900 Prairie Ave., 
Chicago 16, and 1027 Arlington Ave , La 
Grange, HI. 

GOTSCHALL, Harry C. (M 1935) Air Cond. 
Teacher, Lane Technical High School, 2501 
W. Addison St., and ♦ 2963 Eastwood Ave,, 
Chicago 25, 111. 

GOTTWALD, C. (A 1916) Pres , • The Rie-wil 
Co., 1662 Union Commerce Bldg , Cleveland, 
and 2225 Stillman Rd , Cleveland Heights, 
Ohio. 

GOULD. Henry E. (M 1940: J 1936) Partner 
and Mgr., Kansas City Office • Natkm & Co-, 
1800 Baltimore, and 6528 Summit, Kansas 
City, Mo. 

GOULD, James L. (J 1942) Pilot, Air Coips, 
Columbus, Miss., and * 1701 Poyntz Ave,, 
Manhattan, Kan. 

GOULDING. William (A 1983) Air Cond. 
Engr., World Broadcasting System, Inc., 
711 Fifth Ave., New York, and * 42 High- 
view Ave., Tuckahoe, N. Y. 

GOUNDIE, Joseph K. (M 1938) Sales Engr, 
Pritch Coal Co., 116 River St., Bethlehem, 
and • 1426 Walnut St., Allentown, Pa. 
GOWDY, Allen C, (A 1941; J 1939) Contract 
Engr., The Hulfman-Wolfe Co.. 1800 U. B. 
Bldg., and • 925 Meredith St., Dayton, Ohio. 
GRABER, Ernst (A 1942 ; ./ 1936) Ener., Min- 
neapolis-Honeywell Regulator Co., 221 Fouith 
Ave., New York, and • 216 Hollywood Ave., 
Dougla.ston, L. I., N. Y. 

ORABMAN, Henry B. (J 1942 ; S 1938) lat 
Lt., C.E., U. S. Army • 96th Engr. Regt., 
A.P.O. 616, c/o Postmaster, New York, 
N. Y., and 365 E. Spring St., Zclienople, Pa. 
GRAHAM. F. D. (M 1940) * York Corp.. 422 
Richards Bldg., New Orleans, La 
GRAHAM, William D. (M 1929 ; A 1926 ; J 1923) 
Mgr., Unit Heater Dept., Carrier Corp.. and 

• 638 Allen St., Syracuse, N. Y. 

GRANKB, Arnold A. (M 1939) Sales Engr, 

Speakman Co„ 816 Tatnall St„ Wilmington 
99, and • 28 W. 41st St., Wilmingttui 220, 
Del. 

CRANSTON, Ray O. (4 1939; J 19:35, ti 19:b)) 
Partner, • University Plumbing & HeuCxng 
Co., 3941 University Way, and 1533 Kasl. 
76ih St., Seattle 6, Wash. 

GRANT. Walter A.** {M 1943; A 193:?: J 1929) 
Dir. of Appl, Engrg,, Carrior Corp., Syra- 
cuse, N. Y., and • Woods End, R. I), #1, 
Camillus, N. Y. 

GRANT, Walter H., Jr. (M 1940) Mfrs, Agent, 

• Warren Webster Sc Co., 209 Vincent IBdg., 
Now Orleans 12, and 6632 Elysiun Kividh 
Ave., New Orleans 19, La. 

GRAVES. Clarence C. (M 1930 ; A 1925) Part- 
ner, Graves St Graves (Piping Conirs.), 3047 
Sheffield Ave., and • 4041 N, Spaulding Ave., 
Chicago 18, 111- 

GRAVES, Vernon (A 1941; ,7 1940) En-^r.. 
Frank A, Leon Co,, 901 Girard St., N.E., 
and • 1904 17th St., S.E., Washington, D. G. 
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GRAY, Earle W. (M 1938; A 1934) Div. Sales 
Mspr.f • Oklahoma Gas & Electric Co., Third 
& Harvey Sts., and 2126 N.W. 18th St., 
Oklahoma City, Okla. 

GRAY, Everett W. (M 1936) Dist. Mgr., • The 
Trane Co., 1900 Euclid Ave., Cleveland 16, 
and 17546 Madison Ave., Lakewood 7, Ohio. 

GRAY, G. A. (M 1924) Br. Mgr., • C. A. Enn- 
hara Co., Ltd., 45 Rideau St„ and 114 Bel- 
mont Ave., Ottawa, Ont., Canada. 

GRAT, Hamilton E. (A 1943 ; J 1940) • 612 
Colonial Drive, High Pomt, N. C. 

GRAY, John W. (M 1938) • 614 N, Water St.. 
Bay City, Mich. 

GRAY, William £. (M 1922) Indus. Engrg. 
Specialist, Dehydration Sect., U, S, Dept, of 
Agriculture, Rm, 2523 So. Agricultural Bldg., 
Washington, D. C., and • 4202 Russell Ave., 
Apt. 3, Mt. Rainier, Md. 

GREAR, Walter W. (A 1943) Engr., Freyn 
Bros., Inc., 1028 N. Illinois St., and • R. R. 
16, Box 631-S, Indianapolis, Ind. 

GREEN, Everett W. (J 1938) Pvt.— 37139022. 
• 6th Camp Hq. Co. A. P. O. #928, c/o 
Postmaster, San Francisco, Calif., and Part- 
ner, Green Furnace & Plumbing Co., 2747 N. 
48th, Lincoln, Nebr. 

GREEN, Sydney H. (A 1944; J 1939) Mech. 
Engr., Associated Mechanical Contractors, 
McAlester, Okla., and • 5004 Calhoun Rd., 
Houston 4, Texas. 

GREEN, WUIiam C. (Life Member; M 1906) 
Retired, • 704 Race St., Room 605, Cincin- 
nati 2, and 244 Erkenbrecher Ave., Cin- 
cinnati 29, Ohio. 

GREENBURG, Leonard, M.D.* (M 1932) 
Executive Director, • Div. of Industrial Hy- 
giene, N. Y. State Dept, of Labor, 80 Centre 
St., and 44 W. 77th &L, New York, N. Y. 

GREENLAND, Sidney F. (M 1934) Htg. and 
Vtg. Engr., Messrs- J. Brockhouse & Co., 
Ltd., Victoria Works, West Bromwich, Staffs., 
England, and • 76 Grestone Ave., Hansworth 
Wood, Birmingham 20, England. 

GREENWOOD, L. D. (J 1943) Engr., Air Con- 
ditioning Co., 3216 McKinney and • 1961 
Norfolk St., Houston, Texas, 

GREGG, Stephen L. (A 1989 ; J 1936) Ideut., 
U.S.N.R., and • 4828 Edgemoor Lane, Be- 
thesda, Md. 

GREILING, Winford W. (Af 1942) Mech. 
Engr., Austin Co., c/o Diamond Magnesium 
Job, Painesville, Ohio, and • 941 CoUingwood 
Ave., Detroit 2, Mich. 

GRIBBON, J. Harry (A 1941) • 8024 S. B. 
Gladstone St., Portland, Ore. 

GRXESS, Philip G- (M 1937) Mech. Engr., 
Gibbs & Cox, 21 West St., New York, N. Y., 
and • 189 Walnut Ave., Bogota, N. J. 

GRIEST, Kennit C. <A 1940 ; J 1936) Warrant 
Officer, • XJ. S. Naval Air Station, P. W. 
Dept., Box 5, Jacksonville, Fla., and 38 
Greenlee Road, Pittsburgh 10, Pa, 

GRIEWISCH, Alfred BL (A 1938) Pres., • Bay- 
ley Heating Supply Co., 2046 W. St. Paul 
Ave., Milwaukee 3, and 2667 N. 47th St., 
Milwaukee 10, Wis. 

GRIFFIN, Charles J, (M 1940) Bngr.-Oustodian, 
Chicago Board of Education, 10854 Charles 
St,, and • 8231 S. Loomis Blvd., Chicago, DL 

GRIFFIN, DeWitt C. (M 1933) Owner, •De- 
Witt C. Griffin St Assodat^, 717 Lloyd 
Bldg., Seattle 1, Wash. 

GRIFFITH, Claude A- (A 1988) Htg. and Vt«. 
Engr., • Griffith Air Conditioning Service, 
16 Altamont Terrace, Cumberland, Md. 

GRIFFITH, Herbert T. (M 1988) Lt, U.SJ57.B., 
106ih Naval Gonstrudion Bn., Fleet P.O., 
San Francisco, Calif. 

GRIFFITH, Joseph B. (A 1942; J 1988) Pro- 
duction Mgr., Day and Night Ii^g. Cow, 
Mofurovla, and • 529 N. Ger^a Ave., San 
Gabriel, Calif. 


GRIMES, Fenner M. (A 1942 ; J 1936) Asso. 
Mech. Engr., War Dept, Office of the Chief 
of Engrs., Engrg. & Devel. Div., Special 
Unit, Rm. 6252 New War Bldg., Washing- 
ton, D. C., and • 849 S. Ivy St., Arlington, 
Va. 

GRITSCHKE, Elmer R. (M 1940) Cons. Engr., 

• E. R. Gritschke, 123 W. Madison St, 
Chicago, and 1432 Gregory Ave., Wilmette, 
IlL 

GRITZAN, L. LeRoy (M 1939) • 208 Edgewood 
Ave., Silver Spring, Md. 

GROOM, John W., Jr. (A 1943) Elec. Drafts- 
man, Pan American Airways, Inc., Airport 
Development Program, and • 1020 N.W. First 
St, Miami, Fla. 

GROOT, Harry W. (M 1937) Asso. Engr., U. S. 
Navy Dept. Office of Asst Supervisor of 
Shipbuilding, Evansville, Ind., and • 3728 N. 
Western Pkwy., Louisville, Ky. 

GROSS, Lester (J 1942) Chief Engr., • General 
Installation Co., 2234 Olive St, and 1368 
Shawmut Place, St Louis, Mo. 

GROSS, Lyman C. (M 1931) Sales Engr., 
Minneapolis-Honoywell Regulator Co., 2727 
Fourth Ave., S., Minneapolis 8, and • 5324 
Oaklawn Ave., Minneapolis 10, Minn. 
6R0SSENBACHER, Henry E. (A 1938) Pres., 

• Grossenbacher Furnace Co., 9416 W. Mil- 
ton, Overland 14, and 9741 luackland Rd., 
Overland, Mo. 

GROSSMAN, F, Arthur (A 1942; J 1937) 
Process Engr., Servel, Inc,, and • 867 S, 
Harlan Ave., Evansville, Ind, 

GROSSMAN, Harry B. (A 1933; J 1927) In- 
dustrial Engr., Brewster Aeronautical Corp., 
Johnsville, and • 213 Parham Rd., Spring- 
field, Pa. 

GROSSMAN, Ralph (A 1948) Combustion 
Sales Engr., Volcano Ltd., 1106 Beaver Hall 
Hill, and • 4130 Decarie Blvd,, Apt 10, 
Montreal, Que., Canada. 

GROSSMANN, Harry A. (M 1931) Owner, H. A. 
Grossmann Co., 3188 Cass Ave., St iJouta 6, 
and • 16 Huntleigh Downs, Route 6, Kirk- 
wood 22, Mo. 

GROVES, Samuel A. (A 1940; J 1935) Mgr. 
Eastern Dist, Boots Aircraft Nut Co., New 
Canaan, and • R.F.D. Miller Rd., Diuricn, 
Conn. 

GUEST, P. L., Jr. (A 1039) Owner, • P. X*. 
Guest Sales Co., 811 Piedmont Bldg., and 
716 Doven Rd., Greensboro, N. C. 

GUEST, Ross Burton (A 1940) Estimator and 
Engr., • Guest & Viviano Sheet Metal Works, 
Inc., 827-87 Dryades St, and 1043 Peniston 
St, New Orleans, tai. 

GUILBERT, Stanley R, (A 1940) Air Cond. 
Engr., The Riester & Thesmachcr Co., 1626 
W. 25th St. Cleveland 18, and * R.F.D. 8, 
Chagrin Palls, Ohio. 

GUILLORY, John M. (M 1943) Mgr., Indus- 
trial & Commercial Engrg. Div., • New 
Orleans Public Service, Inc., 317 Baronno 
St, New Orleans 9, and 4128 Monroe, New 
Orleans, Ija. 

GULER, George D. (A 1987) Eastern Super- 
visor, Air Conditioning Controls Div,, 

• Minneapolis-Honeywell Regulator Co.. 221 
4th Ave., at 18th St, New York, and 26 
Hawtiaome St, ^ite Plains, N. Y, 

GUMAER, P. Wttcox (M 1987) Engr., • The 
Barrett Division, Allied Chemical ds Dye 
Oorp„ 40 Rector St, New York. N, Y,, and 
25 Garden St, West Englewood, N, J. 
GUNTHORPE, Charlea B, (A 1941) Mgr., 
Campbell Coal Co., Marietta St, N.W., P. O. 
Box 1498, and * 766 Flat Shoals Ave., S.E., 
Atlanta, Ga. 

GUNZBL, RudeSph M. (M 1930) Sales Repr., 

• R. M. Gunzel & 0o.» 320 Crocker St, Lee 
Angdea* and 876 Li^irada Ave., San 
Manno, Calif, 
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GURNEY*, B, Holt (M 1929) (P) esidental Mem- 
ber) (Proa., 1938; 1st Vice-Prea., 1937; 2nd 
Vice-Prea,, 1936 ; Council, 1931-39) Pres., 

* The Gurney Foundry Co., Ltd., 4 Junction 
Rd., and 347 Walmer Rd., Toronto, Ont,, 
Canadiu 

GURNEY, Edward R, (A 1940 ; J 1937) Mech. 
Supt., • Electric Steels Ltd., Cap de La 
Madeleine, P.Q., Canada, 

GUSTAFSON, Carl A. 1938) Sales Engr., 

* The Powers Regulator Co., 2720 Greenview 
Ave., and C231 FairQeld Ave., Chicago, 111. 

GUTKNECHT, Fritz {M 1940) Chief Engr., 

* Blattraann Weeser Sheet Metal Works, 
Inc., 1001 Toulouse St., New Orleans, La., 
and R..F,D. 2, Gulfport, Misa. 


HAAS, Samuel L. {M 1923) Pres.-Trea«., 

• Advance Heating & Air Conditioning Corp., 
117-119 N. Desplaines St., Chicago 6, and 
4300 Lake Shore Dr., Chicago 13, 111. 

HACH, Edward C.* (M 1039) Asst, to Deputy 
Chief, Engrg., Indus. Div., Pittsburgh Ord- 
nance District, Army Service Forces, Cham- 
ber of Commerce Bldg., and • 221 Broadmoor 
Avo., Mt. Iji'banon, Pittsburgh 16, Pa. 

HACKETT, Prank C. (A 1940) • 8634 Fessen- 
den., N.W., Washington, D. C. 

BADEN, G. Nelson (M 1934 j A 1928 ; J 1922) 
Chairman and Managing Dir., • G. N. 
Haden & Sons,, Ltd., 19-29 Woburn PI., 
London, W.0. 1, and 86 Wildwood Ed., 
London, N.W. 11, England. 

HADEN, William N. (Life Member; M 1902) 
Retired Chairman, • G. N. Haden & Sons, 
Ltd., 19 Woburn Place, London, W.C. 1, 
England. 

HADJISKY, Joseph N. (M 1930) Consulting 
Engr., • 744 Bates St., Birmingham, Mich- 

HAGAN, William V. (M1988; A 1983; .n926) 
Secy-, V. J. Hagan Co., 506 Pearl St., and 

• 1811 Jones St„ Sioux City, Iowa. 

HAOBDON. Charles H- (M 1919) Partner, 

• S. B. Penstermaker & Co., 937 Architects 
dii Builders Bldg., Indianapolis 4, and 946 
W. 58th St., Indianapolis 6, Ind. 

HAHN, Roy P- (A 1941; J 1936) Asst. Chief 
Engr,, Atlanta Ice & Coal Oo., 106 Wash- 
ington Viaduct, and • 936 Argonne Ave., 
N.E.- Atlanta, Ga. 

HAINES, John E. (M 1940) Mgr. Air Oond. 
Controls Div., e Minneapolis-Honeywell Regu- 
lator Co., 2747 Fmirth Ave. S., and 2119 S* 
Humboldt Avo., Minneapolis, Minn. 

HAINES, John J. (M 1916 Pres., • The 
Haines Co., 1931 W. Lake St, Chicago 12, 
and 028 '17th Ave,, Maywood, 111, 

HAITMANEK, Louis M. (A 1938) Htg. and 
Vtg. Eifigr., • 217 Rose St, Newark 8, N. J. 

HAKES, Leon M. (M 1932; J 1929) Resident 
]^pr., • Warren Welwter & Co., 210 Rey- 
nolds Arcade Bldg., Rochester 4, and 144 
Inglewood Dr.* Rochester 11, N. Y. 

HALE, Frederick James (M 1936) Mgr., 

• Empire Sheet Metal Works, Ltd., 1606 W. 
First Ave.. Vancouver, and 955 Mathers 
Ave., W, Vansouver, B. C., Canada. 

HALEY, Harry (M 19X4) Cotts, Engr. and 
Partner, ♦ Wand & Haley, 58 Sutter St, 
and 785-'21st Ave., San Francisco, Calif. 

HALEY, Robert T. (A 1928) Mgr., Healing 
Dept, * Minneapolis Qaa Light Oo., 739 
Marquette Ave., and 5024-12th Ave., S., 
Minneapolis, Minn. 

HALL, C- H, (M 1927) Bngrg. Dept., Timken 
Silent Automatic Div., 8816 Fort St, Detroit, 
and * 1362 Dorchester Rd., Birmingham, 
Mich. 

HALL, George (A 1937) ♦Hyland, KaU & Co., 
218 N, Basaett St, Madison, Wise. 


HALL, John A, (M 1943) Sales Engr., 

• A. L. Vanderhoof, Inc., 233 Hanna Bldg., 
Cleveland, and 11030 Granger Rd., Garfield 
Heights, Ohio. 

HALL John R. (M 1937 ; J 1932) Chief Engr., 
•Morrison Engineering Corp., 6005 EUclid 
Ave., Cleveland 3, and 17700 Fries Ave., 
I,akewood 7, Ohio. 

HALL, Mora S. (M 1034) Engr., • Wm. 
Bornstein & Son, 2209 Channing PI. N.E., 
Washington, D. C., and 3709 Utah Ave., 
Brentwood, Md. 

HALL, Norman H. (A 1939) • 147 Beachview 
Rd., Willoughby, Ohio. 

HALLENBECK, C. W. (M 1944) Dist, Engr. 
for • T. C. Heyward (Representing Carrier 
Corp., Industrial Div.), 1408 Independence 
Bldg., and II 10 Harding PI., Charlotte, N. C. 
HALLER, Arthur L. (M 1920) Pres., HaUer 
Appliance Sales Co., Inc., and * 416 West 
Point Court, University City, Mo. 

HALT, Howard R. (M 1943) Office Mgr., Thos. 
J- Sheehan Co., 2233 Olive St, and • 8729 
Annetta Ave., St Louis, Mo. 

HAMACHER, K. F. (M 1988) Partner, 

• Hamacher & Williams, 2540 W. Wells St., 
Milwaukee 3, and 4387 S. Auston St, Mil- 

Hamblin! Clyde M. (M 1943) Principal 
Engr,, Bureau of Ships, • 1429 Iris St., 
N.W., Washingdmi, D. C. 

HAMIG, Louis L. (M 1941; A 1940; J 1935) 
Engr., John D. Falvey, Consult Engr,, 316 
N. Eighth St, St Louis 1, and • 7580 Buck- 
ingham Dr , Clayton 5, Mo. 

HAMILTON, Howard S. (A 1940) Owner, 

• Air Comfort Co., 1380 N. Franklin PI., 
Milwaukee 2, Wis. 

HAMILTON, M, S. (M 1942) • 1403 Sixth St, 
Alexandria, La. 

HAMLET, F. Aylmer (A 1936) Branch Office 
Mgr., • C. A, Dunham Co., Ltd., Dominion 
Sq. Bldg., Rm. 832, 1010 St Catherine St, 
W., and 8560 Shuter St, Montreal, Que., 
Canada. 

HAMLIN, James B. <A 1937) Ist Lt Corps of 
Engrs., U. S. Engineers Office, and • 914 
E. 40th St., Savannah, Ga, 

HAMBURGER, Fred W. (M 1930) Cons. Engr., 

• 262 W. 76th St, New York, N. Y. 

HAND, WilUam L. (M 1944) ConsulUng Engr., 

W. L. Hand Engineering Service, 4102 S. 
La Salle St, and * 8832 Dante Ave., Chicago, 
HI. 

HANLEIN, Joseph H. (M 1987) Vice-Pres., 

• Wilberding Ca, Inc.. 1822 Eye St. N.W.. 
and 5420 Connecticut Ave., N.W., Washing- 
ton, D. C. 

HANLEY. Edward V. (A 1938) Pres., • S- V, 
Hanley Co., 1663 N, Farwell Ave.,^ Mil- 
waukee, and 844 E. Birch Ave., Whitefish 
Bay, Wis. 

HANLEY, r. P., Jr. {M 1988) Pres., Hanley 
& Co., 1503 S. Micnigan Ave., and • 1640 
E. 50th St. Chicago, HI. 

HANNIGAN, William (M 1940) Bldg. Supt, 

• Acacia Mutual Life Insurance Co., 51 
Louisiana Ave,, N.W., Washington, D. C., 
and Route 2, Silver Spring, Md. 

HANSEN. John T. (A 1941) The Herman 
Nelson Corp., and • 1126 14th St, Moline, 
lU. 

HANSEN, Willis A. (M 1943) Engr. Design, 
G. M. Richards & Associates, 883 Kearny 
St, San Francisco, and • 1440 California 
St, Berkeley 8. Calif. 

HANSLER. John E. (M 1987) • 723 Glen Ave,, 
Westfield, N J. 

HANSON. Leon C* (A 1918) Sec^-Minr.. 

• Bjorkman Bros. Co., 712-lOth St, S,, 
Minneapolis, Minn. 
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HANSON, Leslie P. (M 1987 ; A 1936 ; J 1935 ; 
S 1933) Chief Engr., U. S. Air Conditioning 
Corp.. 2101 Kennedy. N. E., and • 5027 
Nokomis Ave , S., Minneapolis, Minn. 
HANTHORN, Walter (A 1942 ; J 1939) Engr., 
Anacortes Shipways, Inc., and • 1020 Ave- 
nue O, Anacortes, Wash. 

HAPPERFIELD, G. J- (M 1943) Managing 
0ir., Chandes Engineering Co., Ltd., 10 
Chandes St., Cavendish Sq., London, and 

• 468 Staines Rd., Twickenham, Middlesex, 
England. 

HARBERGER, G. L. (A 1989) Mgr., Boiler & 
Htg. Dept., Eastern Foundry Co., Boyer- 
town, and • 641 King St., Pottstown, Pa. 
HARBIN, Frank, Jr. (M 1941) Engr.. • Home 
Furnace Co., Sixth St. & P. M. Ry., and 181 
W. 21st St., Holland. Mich. 

HARBORDT, Otto E. (A 1936) Sales Mgr.. 

• U, S. Supply Co., 1315 W. 12th St., and 
4600 Mill Creek Pkwy., Kansas City, Mo. 

HARD. Amos L. (A 1938) Chief Engr., Thos. 
Emery & Sons Co., Carew Tower, and • 910 
Kreis Lane, Cincinnati 5, Ohio. 

HARE, W. Almon (M 1980) Prop., • Hare 
Engineering Co., Cons. Designing Engrs., 
165 W. Congress St., Detro.it 26, Mich., and 
833 Kildare Rd., Windsor, Ont,, Canada. 

HARDEN J. Clinton (M 1938) Engr., Round 
Oak Go., and • 106 Gourtland St., Dowagiac, 
Mich. 

HARDIN, James T. (M 1943) Mgr., Htg. Dept., 

• Roland M. Cotton Co., 1720 E. Tenth St., 
and 1204 West 29th St., Indianapolis, Ind. 

HARDING, Edward R. (M 1936) State Sales 
Engr. and Mgr., • Kewanee Boiler Corp., 
P. O. Box 686. 1003 Jefferson Std. Bldg., 
Greensboro, and Guilford College, N. C. 
HARDING, Louis A.* (Life Memh&r ; M 1911) 
(Presidential Member) (Pres., 1930; IstVice- 
Pres., 1929 ; 2nd Yice-Fres., 1928 ; Council, 
1922-1931) • 86 Cleveland Ave., Buffalo, N. Y. 
HARDING, Walter (M 1941) Stipt. Engr., Air 
Ministry, N.B. Wing, Bush House, Kings- 
way, London, and • Danesfield House, 38 
Bute Gardens, Wallmgton, Surrey, England. 
HARMONAY, WiUiam L. (A 1935) Pres., 

• Michael Harmonay Corp., 124 Elm St., and 
1346 Midland Ave., Yonkers, N. Y. 

HARRIGAN, Edward M. (M 1915) Pres, and 
Gen. Mgr., • Harrigan & Reid Co., 1365 
Bagley Ave., and 7460 LaSalle Blvd., 
Detroit, Mich. 

HARRIGAN, Edward R. (M 1939; J 1930) 
Lt, U. S. Navy, Navy Yard, New York, 
N. Y., and * 19 Erwin Place, Caldw^l, N. J. 
HARRINGTON, David W. (A 1943) Sales 
Engr., • Dallas Air Conditioning Co., 2809 
Canton St., and 1549 El Gampo, Dallas, 
Texas. 

HARRINGTON, Elliott D.* (M 1932; A 1930) 
Mgr. Sales, Schenectady Induction Motors, 

• General Electric Go., 1 River Rd., Schenec- 
tady, and The Hawthorne, R. D. # 2, 
Altaraont, N. Y. 

HARRINGTON. Larry J. (M 1941) Owner, 
The L^rry Harrington Co., • 7415 S. W. 
Canyon Dr., Portland!, Ore. 

HARRIS, Jesse B. (M 1918) Mgr., • Jesse B. 
Harris Co., 416 Essex Bldg., Minneapolis 2, 
and 3620 Colfax Ave., S., Minneapolis 8, 
Minn. 

HARRIS. Warren S.^ (M 1942) Special Re- 
search Assoc., • University of 111., 801 W. 
Green St., Urhana, HI., and 1405 W. Park 
Ave., Champaign, III. 

HART, Harry M.* (Life Member; M 1912) 
(Presidential Member) (Pres., 1916 ; 1st Vice^ 
Pres., 1915 ; Council 1914-17) Pres., • L. H. 
Prentice Co., 1048 Van Buren St., and 3780 
Lskeshore Drive, Chicago, 111. 


HART, John H. (M 1942) Lt., U.S.N.R , Navy 
Dept., Bureau of Ships, Washington, D. C., 
and • 1506 Mount Eagle PI., Alexandria, Va. 
HART, Stanley (M 1938) Pres., • Tuttle & 
Bailey, Inc., New Britain, Conn. 

HART, Theodore S. (M 1938) Saleb Mgr. Radi- 
ator Div., Tuttle & Bailey Inc., and • 680 
Lincoln St., New Britain, Conn . 

HARTIN, William R., Jr. (A 1944; J 1035) 
0ist. Stove Rationing Officer, O.P.A., 2nd 
FI., Liberty Life Bldg., Columbia, and • 2744 
Trenholm Rd., Columbia, S. C. 

HARTMAN, John M. (M 1927) Engi.. • Ke- 
wanee Boiler Corp., and 618 Elliott St., 
Kewanee, 111. 

BARTON, A- J. (A 1935) Appl. Engr., St. 
Joseph Railway, Light Heat & Power Co., 
614 Francis St., and • 730 E. Hyde Park, 
St. Joseph, Mo. 

HARTSOOK, Granville S.. Jr. (.1 1939) Owner. 

• Hartsook Plbg. & Htg. Co., 131 E. Main 
St., P. O. Box 861, Front Royal, Va. 

HARTWEIN, C. E. (M 1933) • St. Louis 
County Gas Co., 231 W. Lockwood Ave,, 
Webster Groves, and 135 Peeke Ave., Kirk- 
wood 22, Mo. 

HARTWELL, Joseph C. (Ufe Member ; M 
1922) Pres., • Hartwell Co., Inc., 87 Weybos- 
set St., and 16 Freeman Parkway, Provi- 
dence, R. I. 

HARVEY, Alexander D, (A 1928 ; J 1925) Sales 
Mgr., Creped Wadding Div., * Kimberly- 
Clark Corp., Neenah, Wis, 

HARVEY. Ernest W. (A 1943) Application 
Engr., • Westinghouse Elec. & Mfg. Co., 
1014 Fairfax Bldg., and 210 East 72nd St., 
Kansas City, Mo. 

HARVEY, John W. (M 1942) Director and 
Chief Engr., Sterigas Construction Co., Ltd., 
4 Milner St., London S.W. 3, England, and 

• 64 Crowbhott Avo., Stanmore, Middlesex, 
England. 

HARVEY, Lyle C. (M 1928) Pres., * The 
Bryant Heater Co., 17825 St. Clair, and 2666 
Leighton Rd., Cleveland, Ohio. 

HASHAGEN, John B. (M 1930) Chief Engr., 
A. B. Dick Co., 3040 W. Lake St, and • 4236 
N. Mozart St, Chicago, 111. 

HASTINGS, Addison (M 1942) Asst. Secy,- 
Sales Engr., Burnham-Boiler Corp., and 

• Lewis Rd., Irvington, N. Y. 

HATCH, George (A 1941) Pres., Air Condi- 
tioning Engineering Co., 1104 Bay St., and 

• Clarkson P. O., Ontario, Canada. 

HATCH, O. J. (A 1941) Mgr., • Clare Bros. 

Western, Ltd., 179 Notre Dame Ave., E„ 
and 114 Chestnut St., Winnipeg, Man., 
Canada. 


HATTERSLBY, Eugene H. (M 1048) Member 
of Firm, A. Hattersley & Sons, 212 E. Main 
St., Ft Wayne, Ind. 

HATTIS, Robert E. (M 1926) Cons. Engr,, 
• 141 W. Jackson Blvd., Chicago 4, and 1454 
Fargo Ave., Chicago, III. 

HAUAN, Merlin J. (M 1933) Consulting Engr., 
3412-16th St, Seattle, Wash. 

HAUER, Fred (A 1938) Owner, • Fred Hauer 
& Co., 815 Elmhurst Ave , Peoria, III. 

HAUS, Irvin J. (A 1937 : J 1935) Maintenance 
Supt, • Nash Kelvinator Corp., Seaman 
Body Plant 3880 N. Richards St., and 2211 
North 61st St„ Milwaukee 8, Wia, 

HAUSMAN, Louis Michael (AI 1935) (Mail 
Returned.) 

HAUSS, Charles F,* (Charter Member; Life 
Member) Retired, • Ball Heights, California, 
Ky. 


HAWES, Harold D. (J 1942; S 1910) Lt.. 

Army, • Instructor AA School, AAS 
OCD Searchlight Dept,, Camp Davis, N, C., 
and 464 Toilsome Hill Rd., Bridgeport Conn. 
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HAW1SHER» Harold H. (A 1938) Mech. Engr., 

• Automatic Hoatins: & Engineerixig Co., 416 
N. Main St., and 411 S. Jameson Ave., Lima, 
Ohio. 

HAYES. James J, [M 1920) Vice-Pres , • Stan- 
nard Power Equipment Co., 53 W. Jackson 
Blvd., and 2615 East 77th St., Chicago, 111. 
HAYES, Joseph G. (Life Member; M 1908) 
Pres, and Engr., • Hayes Brothers, Inc , 236 
W. Vermont St., and 2849 N. Capital Ave„ 
Indianapolis, Ind. 

HAYES, Orris J. (J 1944; S 1941) Tool Plan- 
ner Aircraft Production, North American 
Aviation, Inc., and • 1226 Metropolitan, Kan- 
sas City, Kan. 

HAYMAN, A. Eugene, Jr. (A 1941; J 1935; 

5 1930) Sun Oil Co., Marcus Hook, Pa., and 

• 2715 Washington St., Wilmington, Del. 
HAYNES, Charles V. (Li/e Member; M 1917) 

(PrcstdcMial Member) (Pres., 1934 ; 1st 
Vice-Pres., 1933; 2nd Vice-Pres,. 1932; Coun- 
cil, 1926-29; 1932-36) • P. O. Box 26, Ard- 
more, Montgomery Co„ Pa. 

HAZLBHURST. H. 0. (A 1939) Research 
Laboratory Supt., • Base Metals-Research, 
130 E. Garvey Ave., El Monte, Calif. 
HAZLETT, T. Lyle, M. D. (M 1938) Medical 
Dir., * Westinghouae Electric & Manufactur- 
ing Co., East Pittsburgh, Pa. 

HBAGBRTY, William H. (A 1923) Sales Engr., 

• Chandler Bldg., and 6100 N. Capitol St„ 
Washington, D, C, 

HEATH, William R. (M 1081) Asst. Chief 
Engr., Buffalo Forge Co., 490 Broadway, and 

• 119 Wingate Ave., Buffalo, N. Y. 

HEAVEN, Lewis P. (M 1943) Owner, • Heaven 

Bmvineering Co*, 1330 Broadway, and 2942 
Bales Ave., Kansas City, Mo. 

HEBLEY, Henry F, (M 1984) Director of Re- 
search, * Pittsburgh Coal Co., 1137 Oliver 
Bldg., and 216 Jefferson Drive, Mt. Lebanon, 
Pittsburgh 16, Pa, 

HECHT, Frank H. (M 1930) Sales Engr., 

• B. P, Sturtevant Co., 2636 Koppers Bldg., 
and 1467 Bnrnesdale St., Pittsburgh, Pa. 

HECKEL, Edmund P. (M 1918) E. P. Heckel 

6 Associates, 407 S. Dearborn St., Chicago, 
and • 314 Cuttrias PL, Park Bidfi^, 111. 

HECKEL, Edmund P„ Jr. (J 1941) Engr., 

• Buffalo Forge Oo„ 490 Broadway, Buffalo 
4, and 226 Linwood Ave., Buffalo 9, N. T. 

HEDEEN, Laurel E. <M1942; A 1941; J^1938) 
Cons. Engr., M, L* Todd & Associates, 1111 
Independence Ave,, and • 1421 Bertch, Water- 
loo, Iowa, 

HEDGES, H. Berkley (M 1919) Mgr. Indus- 
trial Sales, « John J. Nesbitt, Inc., State Rd. 
Jt Rhawn Sts., Holmesburg, Philadelphia 36, 
and 114 Waverly Rd., Wyncote, Pa, 
HEDLEY, Park S. (M 1928) Partner, • Park S. 
Hedloy Co., 361 Delaware Ave., Buffalo, and 
31 Westgate Rd., Kenmorc, N. Y. 
HEEBNBR, Walter M. <M 1922) Sales Engr., 
Warren Webster & Co., 20 Washington PL, 
Newark 2, and * 282 Highwood Ave., Tea- 
neck, N. J, 

HEIBEL, Walter E. (M 1917) Dist. Mgr., 

• Aerofin Oorp., 11 West 42nd St, New 
York 18, N. Y., and 12 Richmond Dr., Old 
Greenwich, Conn, 

HEILMAN, Russell H.* (M 1923) Sr, Fellow, 

• Mellon Institute, 4400 Fifth Ave., and 
2303 Bccehwood Blvd., Pittsburgh, Pa. 

HBINDEU Richard A. (M 1943) Assoc. Engr. 
(Naval Archt), TJ. S. Navy Dept., Washing- 
ton, D. C., and * 709 S. Ivy St., Arlington, 
Va. 

HEINKEL. Charles E. (J 1938) Branch Mgr., 

• The Trane Co., 310 Postal Bldg., Portland 
4, and 1620 E. Burnside, Portland 14, Ore. 


HEISTERKAMP, Herbert W. (A 1940 ; J 1937) 
Mgr. Dehumidifier Div., • Bryant Heater Co., 
17825 St Clair Ave., Cleveland, and 175 East 
207th St, Euclid, Ohio. 

HELBURN, I, B. (M 1929 ; J 1927) Jr. Asso., 

• Wyman Engineering, 1306 Chamber of 
Commerce Bldg., Cincinnati 2, and 781 Clin- 
ton Springs, Cincinnati 29, Ohio. 

HBLPINSTINE, Roy J, (M 1943) Mech. Engr., 

• Illinois State Geological Survey, 214 Geo- 
logical Survey Laboratory, Urbana, and 65 
E. Armory, Champaign, 111. 

HELLER, Joseph A. (A 1938) • Air Condition- 
ing Utilities Co., 8 West 40th St., and 150 
West 79th St., New York, N. Y. 
HELLMERS, Charles C., Jr. (A 1942 ; J 1937) 
Piping Supervisor, Stone & Webster, Clinton 
Engineer Works, Elza, and 184 Ash, Rock 
Gardens, Alcoa, and • Box 59, Knoxville 1, 
Tenn. 


HBLLSTROM, John (A 1929) Vice-Pres., 

• American Air Filter Co., Inc., 215 Central 
Ave., and 423 Lightfoot Rd., Louisville, Ky. 

HELSTROM, aifford W, (M 1938) Sales Mgr. 
and Vice-Pres., Globe Machinery & Supply 
Co., E. First and Court Ave., and • 1614 
Thompson, Des Moines, Iowa. 

HELSTROM, Herman G. (M 1928) Firebox 
Boiler & Stoker Div., William Bros. Boiler & 
Manufacturing Co., 1067 Tenth Ave., S.E., 
and • 4608 Arden Ave., S., Minneapolis, 
Minn. 

HELWICK, Numa John (M 1940) Partner, 

• American Heating & Plumbing Co., Inc,, 
829 Baronne St., and 809 Greenwood Dr„ 
New Orleans, La. 

HEMINGWAY, John C. (A 1943) No. Calif. 
Distributor, H. C. Little Burner Company. 
Inc., Second & Lincoln St., San Rafael, and 

• 101 Magnolia Ave., Larkspur, Calif. 
HENDERSON, Alexander S* ( J 1940 ; S 1938) 

Designing Engr., • S. P. (Australia) Pty., 
Ltd., Oswald Lane, Darlinghurst, N. S. W., 
and 65 Elastwood Ave., Eastwood, N. S. W., 
Australia. 


HENDRICKSON, Harold M. (M 1984) Asst. 
Branch Engr., • York Gorp*, 6051 Santa Fe 
Ave., Los Angeles 11, and 3901 Liberty 
Blvd., South Gate. Calif. 

HENDRICKSON, Ralph L. (M 1938) 6125 Ken- 
wood, Chicago, HI. 

HENDRICKSON, W. B. (A 1940) Staff Sgt„ 
Harlingen Army Gunnery School, Harlingen, 
Tex., and • c/o Miss Anna M. Hendriclraon, 
840 Carteret St., Camden, N. J. 
HENDRIKSEN, Leonard (A 1938) Owner, 

• Hendriksen Sheet Metal & Heating Ser- 
vice, 1919 Vernon Ave., Flint 6, Mich. 

HENION, Hudson D. (A 1923) Sales Mgr., 

• C. A. Dunham Co., Ltd., 1623 Davenport 
Rd., and 46 Ridge Dr., Toronto, Ont., Can- 
ada. 


HENNESSY, WUlfam J, (M 1938) Air Cond. 
Operation, IT. S. Rubber Co., Munition Div., 
Des Moines Ordnance Plant, and • 128&-47th 
St., Des Moines, Iowa. 

HENRY, Alexander S., Jr. (M 1980) Mech. 
Engr., R. K. 0., 1270 Sixth Ave., and • 800 
Central Park West, New York, N. Y, 
HENRY, Ernest C. (M 1938) • 1116 Park Ave., 
Bay City, Mich. 

HEPBURN, B. M. (A 1940) Branch Mgr., 
• Empire Brass Manufacturing Co., Ltd., 74 
Princess St., and 964 McMillan Ave., Win- 
nipeg, Man., Canada. 

HERBERT, James S. (/ 1940) 1st Lt., U. S. 

Army, and • 166 W. Sevier, Kingsport, Tenn. 
HERBERT, Richard M. (J 1938) Lt., • U. S, 
Army Air Corps, Lubbock Army Flying 
School, and 2314 Sixth St., Lubbock, Texas. 


HEBING, Alfred (M 1986) Pres., Bering Heat- 
ing Co., Inc., and • 1830 Tenbroeck Ave., 
New York 61. N. Y. 
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HEEHAN, NeU B. (A 1943 ; J 1937 ; S 1936) 
Lt. (jg) N.T.S. (1) 44076, Fort Schuyler, 
Bronx, New York 61, N» Y., and • 4217 Gar- 
field Ave,* S„ Minneapolis ,9, Minn. 
HERMANN, Harold N. (M 1942) Pres., • C^l 
J, Kiefer Associates, Inc., 26 E. Sixth St., 
and 3946 Ledgewood Dr., Cincinnati, Ohio. 
HERO, George A. Jr. (M 1940) Lt-Comdr., 
U.S.N,R., and • 2649 Woodley Rd., Washing- 
ton, D. C. 

H3BRRB, Harold A. (J 1941; S 1940) Ensign, 
Engineering Officer, • U.S.S, Humphreys, 
Fleet Post Office, San Francisco, Calif. 
HERRING, Edgar (Life Member; M 1919) 
Chairman and Governing Dir., • J. Jeffreys 
& Co., St. George’s House, 196-203 Waterloo 
Rd., London, S.E. 1, and ’’Kenia,” Keswick 
Rd-, Putney, London, S.W., England. 

HERSH, Franklin C. (M 1939 ; A 1933 ; J 1930) 
Indus. Engr„ Pennsylvania Power & Light 
Co., 901 Hamilton St., and • 317 South 16th 
St,, Allentown, Pa. 

HERSHEY. Albert E,* (M 1940) Research 
Engr., Westinghouse Elec. & Mfg. Co., Re- 
search Laboratories, East Pittsburgh, and 

• 10806 Frankstown Rd., Wilkinsburg 21, Pa. 
HERSKE, Arthur R. (M 1926) Pres., Au-Temp- 

Co. Corp„ 621 Fifth Ave., New York 17, and 

• 101 Brookfield Rd., Mt. Vernon, N. Y. 
HERTY, Prank B. (M 1933) Prof, of Mech. 

Engrg., University of South Carolina, and 

• 1701 Pendleton St., Columbia, S. C. 
HERTZLER, John R. (M 1986; J 1928) Lt., 

U.S.NJB-, Indus. Equip. Sec,, Prod. Branch, 
Office of Procurement & Mat’l., Navy Dept., 
Army Navy Munitions Bd., and • 1109-1 6th 
St., N.W., Washington 6, D. C. 

HESS, Arthur J. (M 1937) Engr., • English & 
Lauer, Inc., 1978 S. Los Angeles St., Los 
Angeles 11, and 897 Linda Vista Ave., Pasa- 
dena 2, Calif. 

HBSSBLSCHWERDT, August L., Jr. (M 1940 ; 
J 1937) Asst. Prof. Mech. Engrg., • Massa- 
chusetts Institute of Technology, Cambridge 
39, and 28 HiUcrest Road, Milton 86, Mass. 
HESSLER, Lester W. (M 1986) Mgr., The 
Trane Co., 1835 N. Third St., and • 6034 N. 
Bayridge Ave., Milwaukee, Wis. 

HESTER, Thomas J. (M 1919) Pres., • Hester 
Bradley Co., 2885 Washington Ave., and 
4406 McPherson Ave., St. Louis, Mo, 
HEWETT, John B. (M 1987; A 1935) Sales 
Mgr., Anemostat Corp. of America, 10 
S9th St,, New York, and • 180 Cochrane 
Ave., Hastings-on-Hudson, N. Y. 

HBYDON, Charles G. (A 1928) Mgr., Sales of 
Western Div„ Wright Austin Co., 815 W. 
Woodbridge SL, and • 2681 Nebraska, De- 
troi t, Mich. 

HEYMSFIELD, Herbert R. (M 1941 ; A 1926) 
Automatic Htg. Instructor, Brooklyn Tech- 
nical High School, and • 478 Third St, 
Brookly n, N. Y. 

mCKEY, Daniel W, (A 1931) Pres., • D, W. 
Hickey & Co., Inc., 1841 University Ave., 
St. Paul 4, Minn. 

HICKMAN. Herbert V. (A 1988) Htg. Engr., 

• Neil H. Peterson Co*, 1129 Folsom St., 
San Francisco, and 11 Palm Ave.. San 
Rafa^ Calif. 

HXERS,. Charles R. (M 1929 ; J 1927) Modine 
Mfg. Co., 101 Park Ave., New York 17, and 

• 19 Westminster Rd., Great Neck, N, Y. 
HIGH, John M. (M 1940 ; A 1988) Mgr., Insu- 
lation Div., • The Ruberoid Co., 600 Fifth 
A ve, New York, N. Y. 

HILDER., Frederick L. (M 1937) Chief Engr., 
Electric Pumace-Man, Inc,, Fourth & Fur- 
nace Sts., Emmaus, and • 2604 Walnut St. 
ABentown, Pa. 

HUX, Charles P. (A 1942 ; J 1986) • Box 1001, 
Houston, Texas. 


HILL, Edward. Jr. (A 1942; J 1939) Capt, 
U. S. Army, • 127 F.A. Bn. Btry. B, A. P, 0, 
36, c/o Postmaster, Nashville, Tenn., and 
2300 Scot St., Nashville 6, Tonn. 

HILL, E. Vernon, M.D.* (Life Mcn?hcr; 
M 1914; A 1912) (Pi esideniial Member) 
(Pres., 1920 ; Ist Vice-Pres., 1919 ; 2nd Vice- 
Pres., 1918 ; Council 1916-21) Pres., E. Vernon 
Hill, and • 6826 Highland Ave., Chicago 31, 
111 . 

HILL, Harold G. (M 1943; J 1938) Mech. 
Engr., Toronto Shipbuilding Co., Ltd., Fleet 
St, W., and • 7 Armadale Ave., Toronto, 
Ont., Canada. 

HILL. Harold H. (M 1935) Field Engr., 

• American Blower Corp., 408 Woodward 
Bldg., Washington 6, and 3002 Kmlman St,, 
N.W., Washington 8, D. C. 

HILL, Jared A. (M 1938) Dom. Utili ration 
Engr., Pacific Gas & Electric Co., 245 Mar- 
ket St., San Francisco, and * 716 Laurel 
Ave., Burlingame, Calif. 

HILL, Vaughn H. (M 1943; J 1038) Mech. 
Engr., Board of Water & Electric Light 
Comm., and • 2111 Colvin Ct., Lansing 10, 
Mich. 

HILL, Walter W. (J 1940) Mgr., United Clay 
Products Co., 931 Investment Bldg., and 

• 3415 Poesenden St., W., Washington. D, C. 
HILLS, Arthur H. (M 1924) Mgr., Sarco 

Canada, Ltd., 86 Rishmond St. W., and 

• 21 Nealon Ave., Toronto, Out,, Canada. 
BILMER, George O. (A 1944) Mech. Designer 

& Engr., Robert « Co., and • Piedmont 
Hotel, Atlanta, Ga. 

HDHELBLAU, Harry (A 1943) Secy.-Treas., 

• Himelblau, Byfield A Co., 36 S. Throop 
St., and 1720 Chase Ave., Chicago 26, 111. 

HIMSEL, Stanley R. (A 1942) Mgr. of Htg. 
& Vtg. Dept, Lloyd I>. Felkcr Co., 102 W. 
Aronald St, and • d03A W. 5th St, Marsh- 
field, Wis. 

HINNANT, C. H., Jr. (M 1943 ; J 1938) Oapt 
C.E., Asst Post Engr., * Ft G. G. Meade, 
and 1 Osborne Ave., Catonsvillo, Md. 
HINRICHSEN, Arthur F. (M 1928) Pres, and 
Treas., • A. P. Hinrichsen, Inc., 60 Church 
St, New York, N. Y.. and 281 Morris Ave,, 
Mountain Lakes. N. J. 

HTRSCH, Martin H. (M 1938) Asst Supvr., 
Cox & Stevens, Naval Archts-, 11 Broad- 
way, New York, and • 104-21 68th Dr,, 
Forest Hilla. L. I.* N. Y. 

HIRSCHMAN, William P. <M 1929) Pres, 
and Chief Engr.. W. F. Hirschxnan Co., 
Inc., 1245 McKinley PI., and • 165 LeBrun 
Circle, Buffalo, N. Y. 

HITCHCOCK, Paul C. (M 1031) Pres., 

• Hitchcock & Bfetabrook, Inc., 521 Sextan 
Bldg., and 5180 Harriet Ave., Minneapolis, 
Minn. 


HOBBIE, E. H. (A 1987) Mgr., Sales Pro- 
motion, • Mississippi Glass Co., 220 Fifth 
Ave., New Yorkl, N. Y., and Mt Kemble 
Ave., B.F.D. 2, Morristown, N, J. 

HOBBS, J. a (M 1920) • 60 Wood St, 
Painesville, Ohia 

HOBBS, William S. (A 1986) Sun Oil Co., 
1608 Walnut St, Philadelphia, and • 827 
Park Ave,, P. 0. Box 269, Swarthmore, Pa. 

HOCKENSMITH, Francis E. (M 1986) Chief 
Engr., • Iiennox Furnace Co., Inc., 400 N. 
Midler Ave., and 468 Plymouth Dr., Ssnra- 
cuse, N. Y. 

HODEAUX, Walter Lw (M 1931) Owner, W. 
^ BCodeaux Plbg. A Htg. Co., 205 Liakevlew 
Ave., and * P. O. Box 684, West Palm 
Beach, Fla, 

HODGE. William R (M 1934) Vlca-Pres., 
Co., 2000 South Blvd., and 
2600 Roswell Ave., Charlotte, K C. 
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HOECKER, George F,, Jfr, (4 1941) Asst. 
Mgr., Sears, Roebuck & Co., Hudson Blvd. 
and 32nd St,, Union City, and • 620 Burton 
Ave., Hasbrouck Heights, N. J. 

HOEY, James K. (A 1938) Mesh. Engr., 

• 48 Quince St., Medford, Ore. 

HOFFMAN, Charles S. (M 1924) Pres., 

• Baker, Smith & Company, Inc., 40 W, 
40th St., and 77 Park Ave., New York, N. Y, 

HOFFMAN, Harry (M 1939) Br. Mgr., • John- 
son Service Co., 232 E. Market St., Greens- 
boro and R.P.D. #1, Guilford College, N. C. 
HOFFMANN, Angelo (A 1938) Vice-Pres.. 

• JLouis Hoffmann Co., 117 W. Pittsburgh 
Ave , Milwaukee 4, and 4860 N, Oakland 
Ave., Milwaukee, Wis. 

HOFFMANN, Walter A. (A 1944) Engr., • L. 
S. Ayres & Co., Indianapolis 9, and 606 
Cottage Ave,, Indianapolis, Ind. 

HOGAN, Edward L, (M 1911) Gen. Cons. 
Engr., • American Blower Corp., I\ O. Box 
68, Roosevelt Park Annex, Detroit 32, and 
8100 E. Jefferson Ave., Detroit, Mich. 
HOGER, B. E. (M 1943) Mech. Engr., Bris- 
bane & Co., and * 3160 Grand Ave., Hunt- 
ington Park, Calif, 

HOKANSON, Carl G. (M 1941) Owner, • C. 
G. Hokanson Co., 8373 Melrose Ave., Lob 
Angeles 40, and 1100 Casiano Rd., Bel-Air, 
Los Angeles 24, Calif, 

HOLDEN, Robert G. (A 1942) Lt., U.S.N.R., 
1 22nd Battalion, Port Hueneme, Calif. 
MOhiiElBtf Leonard H. (A 1941) Mgr., • April 
Showers Co., 4126 Eighth St,, N.W., Wash- 
ington 11, D. 0. 

HOLE, Kenneth W, (A 1943) Plight Lt., 
R.A.F., and * Royal Automobile Club, l^on- 
don, England. 

HOLE, William G. (M 1942) Mgr., Air Filter 
Div„ • Darling Bros. Ltd,, 140 Prince St., 
Montreal, and 1765 Graham Blvd., Mt. Royal, 
Que., Canada. 

HOLLAND, George R, < J 1941 ; S 1938) MM 
2/c, U, S. Navy, • U, S. Navy Section Base, 
.Tompkinsville, S. I., N. Y., and 22-20 12th 
St., N,. Si. Petersburg, Fla. 

HOLLAND, Robert B. (M 1938) Appl, Eugr,. 

• York Corp., 1276 Folsom St., San Fran- 
cisco 8, and 607 Sausalito Blvd., Sausalito, 
Calif. 

HOLLAND, Williani T. (M 1943j A 1941) 
Lt., (Jg) and • 2338 North 71st St, Milwau- 
kee Wls 

HOLMES, 'Richard E. (A 1938; J 1934) Ist 
Lt Ordnance Dept, Tank- Automotive Cen- 
ter, Union Guardian Bldg., Detroit 26, and 

• 2546 Edison, Detroit 6, Mich. 

HOLLISTER, Norman A.* (M 1983) Super- 
vising Air Cond. Engr., • c/o Architect of 
Capitol, Washington, D. C., and 4309 N. 
Pershing Dr., Arlington, Va. 

HOLMAN, Ear! L. (Al 1943) Sr. Engr., Chief 
Bliig. St Utilities Subdiv., Engrg. Div., Dist 
Engr. OfUce, U. S. Army Penahou Campus, 
and *3048 Felix St., Honolulu, T. H. 
HOLMES, Arthur D. (M 1936) Vice-Pres.. 

• Plumber Supply Co., 323 w. First, and 
1843 K. 18th St, Tulsa, Okla. 

HOLMES, Paul B. (A 1936) Wash. Br, Mwr., 

• National Radiator Oo., COO W St, NdS** 
Washington 2, and 4626 Fessenden St, N,W„ 
Washington 16, D. 0. 

BOLSWORTK, Robert C. (M 1940) Mecb. 
Engr., U. S. Navy, and * P. O. Box 1981, 
Corpus OhrisU, Texas. 

HOLT, James (M 1933) (Council, 1948) Assoc. 
Prof., • Massachusetts Institute of Tech- 
nology, Cambridge, and 1062 Massachusetts 
Ave., Lexington, Mass. 

HOLUBA, H. J* iJ 1988) Mgr. Order Dept, 
The Herman Nelson Corp-» and * 1862-80th 
Bt, Moline, XIL 


HOLZER, Rudolph J., Jr. (A 1942; J 1940) 
In service, and • 3738 Octavia St., New 
Orleans, La. 

HONERKAAIP, Frite (M 1937) Chief Engr., 

• Anemostat Corp. of America, 10 East 39th 
St, New York, and 42-06~48th Ave., Wood- 
side, L. I., N, Y, 

HONEY, Robert L. (J 1943) McQuay, Inc,, 
1600 Broadway, N.E., Minneapolis, and • 4136 
Toledo Ave,, St. Louis Park, Minn. 

HOOD, Leslie A. (M 1941 ; A 1929) Asst Sales 
Mgr., • Trane Co. of Canada, Ltd., Rm, 314, 
University Tower Bldg,, and 6210 Somerled 
Ave., Montreal, Que., Canada. 

HOOK, Frank W. (M 1988) Br. Mgr., • John- 
son Service Co,, 814 Rialto Bldg., and 2444 
Larkin St, San Francisco, Calif. 

HOOPER, Frederick W. (A 1942) Vice-Pres., 

• Ross Engrg. of Canack^ Ltd., 920 Dominion 
Square Bldg., and 4418 Earnscliffe Ave., 
Montreal, Que., Canada. 

HOOVER, WilUam L. (A 1943; J 1940) 1st 
Lieut., 0-1108029, 870th Engineers (SS) APO 
967, c/o Postmaster, San Francisco, Calif. 
HOPPE, Marcel F. (M 1938) Cons. Engr., 

• 1021-20th St, N.W., Washington 6, D. C., 
and 6205 Glenwood Rd., Bethesda, Md. 

HOPPER, Garnet H. (M 1928) Engr., Taylor 
Forbes, Ltd., 1088 King St, W., and • 19 
Brommel Ave., Toronto, Ont, Canada. 
HOPPER, John S.* (M 1938) Asst to Dean of 
Engrg., • A & M College of Texas, College 
Station, and 106 W. Dexter, College Park, 

HOPSON, WilUam T. (Life Member; M 1916) 
Pres., • The Hopson St Chapin Manufactur- 
ing Co., and 231 State St, New Iiondon, 
Conn. 

HORNE, Herbert F. (A 1940) Sales Engr., 

• Johns-Manville Co., 1812 Standard Oil 
Bldg., Baltimore 2, and 411 Hollen Rd., 
Baltimore 12, Md. 

HOBNUNG, J. C. {Life Member; M 1914) 
Retired, • 854 Bluff St, Glencoe, 111. 
HORSBURGH, B. J. (A 1942) Dist Mgr., 

• Johnson Temp. Reg. Co. of Canada, Ltd., 
637 Craig St, W., and 4341 Melrose Ave., 
Montreal. Que.. Canada. 

HOSHALL, H. (M 1930) Partner, 

• Allen A Hoshall, Consulting Engrs., 66 
McCall Place, Memphis, Tenn. 

HOSTERMAN, Charles 0. (M 1924) Supt, 
The McMurrer Co., 808 Congress St, Boston, 
and • 25 Bateswell Rd., Dorcheiter, Mass. 
HOTCHKISS, Charles H. B. (M 1927) Vice- 
Pres. and Dir*, • Ameresco, Inc., 60 Church 
St., New York. N. Y*, and 169 Sheridan 
Ave., Hohokus, N. J. 

HOUCK, Robert C. {J 1041) Engr., Kimble 
Glass Co., Crystal Ave., and • R. F. D. 4, 
Delsea Dr., Vineland, N. J. 

HOUGHTEN, Ferry C.* (M 1921) Lt, Comdr.. 
Research Div„ • Bureau of Medicine & Sur- 
gery, Navy Dept, Potomac Annex, 2300 B 
St, N.W., Washington, D. C., and 1136 
Murrayhill Ave., Pittsburgh, Pa. 
HOULIHAN, Edmund T. (M 1943) Asst Sales 
Mgr., Taco Heaters^ Inc., 842 Madison Ave., 
New York 17, N. Y., and • 81 Waldeck Rd., 
Mfltott 86, Mass. 

HOULIS, Louis D* (M 1986) • Master Baker 
Ovens, 558 Pedcettl Ave., Cincinnati 6, Ohio. 
HOULISTON, O- Baillie (A 1928) Dist Repr., 

• Warren Webster St Co., 602 Commercial 
Arts Bldg,, 704 Race St, Cincinnati 2, Ohio, 
and 57 Chalfonte PL, Ft Thomas, Ky. 

HOW, CecU P. (M 1943) Director and Gen. 
Mgr., Heating Dept, The Brightside Foundry 
St Engineering Co., Ltd., 17 Summer Row, 
Birmingham, and * **Fairlawn'* Thomby, 
Thomby Ave,, Solihull, Warwickshire, Eng- 
land 
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HOW. Ralph P, {M 1948) Htg. Engr., • U. S. 
Engineering Co., 914 Campbell St., and 3611 
Norledge, Kansas City, Mo. 

HOW ATT, John* (M 1916) {Pi esidential Mem~ 
her) (Pres., 1986 ; 1st Vice-Pres., 1934 ; 2nd 
Vice-Pres., 1933; Council 1927-361 Chief 
Engr., • Board of Education, 228 N. LaSalle 
St., Chicago 1, and 4816 Kenwood Ave., 
Chicago, 111. 

HOWE. Willis W, (M 1936; A 1917) Retired, 

• 68 Central Ave., Sausalito, Calif 

HOWELL, Lloyd (M 1915) Engr., • Engineer- 
ing Service & Supply Co., 6614 Harrisburg 
Blvd., Houston 11, and 2610 Talbot St., 
Houston, Texas. 

HOWES, Bradford B, (J 1941) Sales Engr., 

• Johnson Service Co., 20 Winchester St., 
Boston 16, and 23 Vine St., lEteading, Mass. 

HOWES, Edward Wl (M 1941) Dist. Repr., 
Air Cond. & ComT. Refrig. Dept., • General 
Kectric Co., 236 Montgomery St., San Fran- 
cisco, and 138 Monte Cresta Ave., Oakland, 
Calif. 

HOYT, Leroy W. (M 1980) Libby & Blinn, 
Inc,, 136 Sheldon St, and • 1133 Farmington 
Ave., Hartford, Conn. 

HOYT, Robert A, (J 1943) Supt. of Furnace 
Installation, Hall-Neal Furnace Co„ 1322 N. 
Capitol Ave., and • 634 S. Rybolt St., In- 
dianapolis, Ind. 

HUBBARD, George W. (Life Memhei ; U 1911) 
Cons. Engr., • 630 Railway Exchange, 80 E 
Jackson Blvd., Chicago 4, and 710 Bonnie 
Brae, River Forest, HI. 

HUBBARD, Nelson B, (M 1919) Engr., 220 
Bagley Ave., and • 2986 Blame Ave,, Detroit, 
Mich. 


HUBBUCH, Nicholas J., Jr. (J 1943 ; S 1939) 
Lt., Saving in the Pacific as Communica- 
tions Officer, and • 422 Breckcnridge lane, 
Louisville, Ky. 

HUBEI^ Enrique (M 1938) Mech. Engr., 

• Productos Mecanicos S.A., Calzada de 
Tlilpam # 2073, Churubusco, Mexico, D. P. 

HUGH, A. J, (Af 1919) Branch Mgr., • Ameri- 
S?? * Standard Sanitary Corp., 

31.2 S. Third St, and 4037 Harriet Ave., 
Minneapolis, Minn. 

HUCl^R, Joseph H. (M 1921) Partner, 

• Hucker-Pryibil Co., 1700 Walnut St, 
Phil^elphia, and 68 N. Highland Ave.. 
Norristown, Pa. 

H^EPOHL, Louis P. (M 1936) Pres., * T. J. 
Conner, Inc, 3290 Spring Grove Ave., Cin- 
Haight Ava, Cincinnati 

23, Ohio. 

HUDSON, Robert A. (M 1984) Partner, 

• Hibson & Grady, Engrs., 525 Market St. 
San ^ancisw. R 2, Box 61, Cordilleras 
Rd., Redwood City, Calif. 

Engr., 

The Poweira Regulator Co., 702 American 
Bldg., and R. R. 4, Box 108, Wynnbume 
Ave-. Cincinnati 5, Ohio, 

1»S6) Mgr.. Mech. Dept, 
7 * tP oi P- 0. Box 362, and 

1410 Roswell St, Marietta, Ga. 

HUGGINS, L. (M 1939) Asst Mgr,, Air 
^nA Dei^., • W^tmghouae Electric Eleva- 
tor Co.. 150 Paeffic Ave., Jersey City, and 
409 Lenox Ave., Westfield, N. J. 

HUGHES, ^ K. (A 1940; J 1936) Pres., 
toward Furnace & Foundries* Ltd 
Yonge St, and. 3 Don Vall^lSr., Toronto 
unt., Canada. ’ 


HUGHES, Samuel (J 1940) CpL, U. S. Arm 
and . 614 W. Lee St, Weatherford Texas 
HUGHES, WiUia« U.’ (iTiSsI} PrJ® T1 
I^m^Brown C3o.. Ltd., 1670 Bishop St., ai 
1610 Sherbrooke St, Montreal, Que., Canad 


HUGHEY, Thomas M. (A 1936) Dist Mgr., 

• Westerlin & Campbell Co., 906 N. Fourth 
St, Milwaukee 3, and 2439 North 03rd St, 
Milwaukee, Wis. 

HUGHSON, Harry H. (M 1927) Sales Engr., 

• The Coon-DeVisser Co., 2061 W. Lafayette 
Ave , Detroit 16, and 58 Florence Ave., 
Detroit 3, Mich. 

HUHN, Walter E. (.1 1943) Contractor and 
Engr , • Walter E. Huhn, 1720 Grand Ave., 
and 1609 Alexander Ct , Waukegan, III 
HUMES, W. Earl (M 1941) Contractor, • 601 
Mill St, and 226 Ridge St, Reno, Nev. 
HUMMEL, George W. (M 1937) Mech. Engr,, 

• The Trane Co., P. O. Drawer 079, and 1421 
N. Third St, Phoenix, Ariz. 

HUMPHREY, D. E. (Af 1921) Htg. and Vtg. 
Engr., Goodyear Tire & Rubber Co., and 

• 2499 Sixth St, Cuyahoga Falls, Ohio. 
HUMPHREY, Leonard G., Jr. (.1 1942; J 1938) 

Assist to Mgr., Federal & Marine Dept., 
Buffalo Forge Co., & Buffalo Pumps, Inc., 
512 Woodward Bldg., Washington 5, D*. C., 
and • 4028 Oliver St , Chevy Chase 15, Md. 
HUMPHREYS Clark M. (Af 1931) Asst I»rof. 
of Mech. Engrg., • Carnegie Institute of 
Technology, Sehenley Park, Pittsburgh 13, 
and 1934 Remington Dr., Pittsburgh 21, Pa. 
HUNGER, Robert F. (M 1927) l^artner, 

• Davidson & Hunger, 220 South 16th St , 
Philadelphia 2, and 239 Cheswold l 4 ano, 
Haverford, Pa. 

HUNGERFORD, Leo (M 1930) Sales Mgr., 
Utility Fan Corp., 4861 S. Alameda St, Los 
Angeles 11, and * 3485 Wonderview PI., Los 
Angeles 28, Calif. 

HUNKEN, Walter L. (Af 1943) Southeastern 
Mgr., *3. F. Sturtevant Co., 708 Guilford 
Bldg., and 118 E. Avondale Rd., Greensl>oro, 
N. C. 

HUNT, MacDonald (A 1936) Cupt, Corps of 
Engineers, U.S.A., • Post Engineers Office, 
ASP Replacement Depot, Camp Reynolds, 
Greenville P. O , Pa. 

HUNTER, Louis N. (Af 1936) Vicf*-Pr^‘s,, Re- 
search, • The National Radiator Co., 221 
Central Ave., Johnstown, Pa. 

HUNTER, Thomas B. (Af 1941 ) Cons. Engr , 
•41 Sutter St^ Rm. 710, and 3020 Clay St„ 
San Francisco, Calif. 

HUNZIKER, Chester E. (.1 1934) Dist. Mgr,. 

• American Blower Corp., 611 State Bl„ 
Schenectady 6, and 1652 Dean St., Schenec- 
tady 8, N. Y. 

HUEWICH, Sidney B. (A 1939) Draftsman, 
Sponge-Aire Seat Co„ 16C Chandler St., 
Buffalo?, and *177 Wyoming Ave., Buffalo 
15, N. Y. 

HUST, Carl E. (Af 1932) Capt., U. S. Army, 
and • 270 McGregor Ave., Cincinnati 19, Ohio. 
HUSTOEL, Arnold M. (A 1930) B-O-C-T Rail- 
road, and • 2414 N. Kedzie Blvd., Chicago, 


HU ivjHjsuw, Clifford R, (J 193S) Field Engr.. 
W. B Connor Engineering Corp., 114 East 
S2nd St, New York 16, N. Y., and • 114 
Ayers Court West Englewood, N. J. 
BTUTCHINS, William H. (Af 1984) Works Mgr., 
JOiv., General Motors Corp,, 
891 Lyell Ave., and • 660 Seneca Pkwy., 
Rochester, N. Y. 

Duty— Air CoiTW, and • 2216 Budford Terrace, 
Cincinnati, Ohio. 

HUTCHINSON, Frank W.* (Af 1940; A X937) 
Mech, Engrg., • University of 
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HUTCHISON, John E. {M 1021) Partner. 

• Moody & Hutchison, 1600 Walnut St., 
Philadelphia 2, and 6723 Emlen St , Phila- 
delphia 19. Pa. 

HVOSLEP, Predrik W. (M 1931; A 1921) 
Supt., Heating Div., • Kohler Co., and 623 
Audubon Rd., Kohler. Wis. 

HYDE. Dayton F. (M 1941) Vice-Pres.. D. F. 
Edwards Heating Co., 2340 Pine St., St. 
Louis, and • 7831 Weil Ave., Webster Groves 
19, Mo. 

HYDE, Elmer H. {A 1937) Tech, Repr., Kop- 
pera Co„ Tar & Chemical Div., Koppers 
Bldg., and • 442 Sulgrave Rd., Pittsburgh, 
Pa, 

HYDE, Eric F. (M 1937) Mech, Engr., Giffels 
& Vallet, Inc , lOOO Marquette Bldg.. Detroit, 
and • 708 Oakland Ave-, Birmingham, Mich. 

HYDE, L, Lyman {M 1940; J 1934) Supt., 
Healy Plumbing & Heating, 278 W. Kellogg 
Hlvd., St. Paul, and • 4031 France Ave., N., 
Robbinsdale, Minn. 

HYNES, Lee P. (M 1919) Pres.-Chicf Engr., 

♦ Hynes Electric Heating Co., West & Clin- 
ton Sts., Camden, and 36 West End Ave., 
Haddoniield, N. J. 

I 

IBISON, James L. (.1 1943; J 1938) Capt., 
Po«t Engineer, • U. S. Army, and 10 Bene- 
dict Ave., Langley Field, Va. 

ICKERINtaLL, John C. (M 1923) Sales, Spen- 
cer Heater Div„ Aviation Corp-, 927 N. 
Ninth St., and • 477 Flamingo St., Roxbor- 
ough, l‘hiladelphia, Pa. 

ILLIG, Ernest K. [J 1938) Sales Engr., Walter 
R. XUig, 1 Cushing St., and • 186 Blossom 
St., Fitchburg. Mutts. 

ILLIG, Walter R. (A/ 1935; A 1927) Owner, 
Walter K. Ilhg, 1 Cushing St., and • 185 
ISloHSom St., Fitchburg, Mass. 

INGALI4S, Frederick D. B. {Life Member; 
M 1906) Cons. Htg. & Air Cond. Engr., 
« 1 Hopkins St., Reading, Mass. 

XNGELS, Margaret* (A/ 1923 ; J 1918) Engrg. 
hklllor, • Ourvicr Corp., Syracuse 1, and 412 
University PI., Syracuse 10, N. Y. 

INGHAM, John F. <A/ 1941) • Mountain Road, 
a, F. D. 3, Geotgeiown, Conn. 

INMAN, C. M* (Af 1940) Ist Lt, Air Corps 
(Army)* Las Vegas Army Air Field, Las 
Vegas, Nevada. 

dTSSERTKLLE, Henry G.* (Life Member; 
M 1913; .1 1912) Retired Electrical Engr., 
General Electric Co., and • 300 S. Broadway, 
Tarrytowu, N. Y. 

IVERSON, H. R. {M 1036) Lt. (Jg) D-V (s) 
U.S.N,R., Navy Dept., Bureau of Ships, Air 
Oond. Sect., Code 688, and • 1601 Argonne 
PL, N.W., Washington, D. C. 

tVERSTROM, Carl {A 3040; J 1939) Engr., 
Navy I)<‘pt.. Bureau of Ships, Washington, 
and • 2018 Ft- Davis St., Washington 20, D.C. 

r/ATT, (fcorge S- (M 1943) Supt. of Bldgs., 

* Board of Education, City Hall, and 32 
Beulnh Ave,, Hamilton, Ont., Canada. 

J 

JACKSON, Charles H- (Life Member; M 1923) 
VU*e-Pr<*s., • Blower Application Co., 918 N. 
Fourth Kt., Milwaukee 3, and 2706 N. Par- 
well Ave,, Milwaukee U, Wis. 

JACKSON, George O. (.1 1028) Pres., •Jack- 
son Enginet^ring Co.. 926 Architects Bldg., 
IndianiipoIiK 4, and 132 East 44th St., Indi- 
anap<dlh 5, Ind. 

JACKSON, Gilbert R. (A/ 1988) Mgr., Boiler 
and Radiator Dept., * Crane, Ltd., 45-61 
Liwan St,M I^ondon, B. 1, England, 

JACKSON, Marshall S* <Af 1919) Mfrs. Repr., 

• 260 Delaware Ave., Buflfalo 2, and 108 
Larchrtwmt Rd., Buffalo 14, N. Y. 


JACKSON, Walter F. (A 1943; J 1939) Project 
Engr., • American Stove Co., 1200 Long 
Ave, Lorain, and 116 Bell Ave., Elyria, 
Ohio. 

J.^OBL Bmce A. (J 1939; S 1936) Chief 
Engr., Lerner Stores, Inc , 354 Fourth Ave., 
New York, and • 1731 East 17th St., Brook- 
lyn, N. Y. 


K. c. S. (A 1939) Dist. Mgr.. 

• The Imperial Electric Co., 46 South 40th 
St., Philadelphia 4, and 17 Aldwyn Lane, 
Villanova, Pa. 

JACOBUS, David S. ((Life Member; M 1916) 
Retired, The Babcock ^ Wilcox Co., and 
» Montclair, N. J. 

1^38) Pfc. 13150626. 
U. S. A^y, Co. E, 801st S.T.R., Camp 
Murphy, Fla. 

J.^ONACK, Irwin G. (M 1940; A 1983; 
S 1930) Chief Mech. Engr., Levitt & Sons, 
Inc., Northern Blvd., Manhasset, and • 88- 
Park, N. Y. 

JAMES, Hamilton R. (M 1931) Service Equip. 
Engr., Day & Zimmermann, Inc., Packard 
Bldg., Philadelphia, and • 65 W. Drexel Ave., 
Lanbdowne, Pa. 

JAMES, John W.* (Af 1937 ; J 1933) • Iron 
Fireman Manufacturing Co., 3170 West 106th 
St., Cleveland, and 15918 Clifton Blvd., l,ake- 
wood, Ohio. 

J.^BT, Harry L, (M 1920) Engr., Buen&od- 
Stacey, 60 East 42nd St., New York, and 

• 688 Decatur St., Brooklyn, N. Y. 

JANOS. William A. (M 1940) Sr. Mech. Engr., 

• Western Electric Co., 196 Broadway, New 
York, and 21-ll-23rd Terrace, Astoria, L. I., 


JARCHO, Martin D. (A 1939 ; J 1936) Vice- 
Pres., • Jarcho Bros,, Inc., 804 Bast 45th St., 
110-66-72nd Rd., Forest 

XXlllS^ 2^4 JL « 

JARDINf^ Douglas C. (Af 1929; A 1926) 
Owner, • Douglas Jardine, P. 0. Box 126, 
and 1216 N. Cascade Ave., Colorado Springs, 
Colo. 

JARVIS, George E. (M 1923) Vice-Pres. and 
Secy., • A. B. Holmes & Bro. Co., 911-16 
Banks Ave., and 2628 Hughitt Ave., Superior, 
Wis. 

JEHLE, Ferdinand (M 1938; A 1937) Dir. of 
Engrg., • Hoffman Specialty Co., 1001 York 
St., Indianapolis 7, and 8065 N. Meridian St., 
Apt. 9, Indianapolis 8, Ind. 

JELINEK, Frank R. (A 1941 ; J 1987) Branch 
Mgr., * Johnson Service Co., 2606 Commerce 
St, and 4486 Emmerson, Dallas, Texas. 

JENKINS, Sydney D. (M 1940) Prop., S. D. 
Jenkins. Engrg. & Htg. Supplies, and 
• 2212-33rd Ave., S.W., Calgary, Alta., Can- 
ada. 

JENKINSON, V. Jack <A 1940) Sales Engr., 
■ Minneapolis-Honeywell Regulator Co., Ltd., 
117 Peter St., Toronto 2B, and 3 Highgate 
Rd., Toronto 9, Ont., Canada, 

JBNNEY, Hugh B. (A 1933) Sales Mgr., Htg. 
Div., • Standard Sanitary & Dominion Radi- 
ator, Ltd., Royce & Lansdowne Aves., and 
96 Dawlish Ave., Toronto, Ont., Canada. 

JENNINGS, Burgess H. (M 1942) Prof, of 
Mech. Engrg. and Dept. Chairman, North- 
western University, Northwestern Techno- 
logical Inst, and • 2049 Hawthorne Lane, 
Evanston, 111. 

JENNINGS, Hal K. (M 1986) Mgr., • Avery 
Engineering Co., 1632 Madison Rd., and 3718 
Middle Brooke Ave., Cincinnati, Ohio. 

JENNINGS, Irving C. (M 1924) Pres., • The 
Nash Engineering Co., and 138 Flax Hill 
Road, South Norwalk, Conn. 

JENNINGS, Stanley A. (M 1935) Asst. Chief 
Engr., Trane Co. of Canada, Ltd., 4 Mowat 
Ave-, and • 7 Glen Oak N., Toronto, Ont., 
Canada. 
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JENNINGS, W. G. (A 1930) Vice-Pres.. • Min- 
neapolis-Honesrweli Regulator Co., 799 Bea- 
con St., and 1960 Common weaJtli Ave., Bos- 
ton, Mass. 

JENNINS, Henry H. {Life Member \ M 1901) 
Retired, • 29 Greyehiels Ave., Leeds 6, Eng- 
land. 

JOHANNESEN, Ralph C. (M 1948) Mech. 
Engr., Giffels & Vallet, Inc., 1000 Marauelte 
Bldg., Detroit, and * 617 Louis Ave., Royal 
Oak, Mich. 

JOHNS, Charles F. (M 1939 ; A 1931) Souadron 
Leader, Royal Canadian Air Force, Air Force 
Hdq.., Lisgar Bldg., and *120 Wurtembarg 
St., Ottawa, Ont., Canada. 

JOHNS, Harold B.* (JW 1928 ,* J 1927) Bell & 
Gossett Co., Morton Grove, and • 543 N* 
Elmwood Ave., Oak Park, Bl. 

JOHNSON, Allen J> <M 1936) • Anthracite 
Industries, Inc., 2204 Walnut St., Philadel- 
phia, and 344 Congress Ave., Lansdowne, Pa. 

JOHNSON, Carl E. (A 1939 ; J 1930) Htg. and 
Vtg. Engr., • G. E. Johnson & Associate, 
401 Bona Allen Bldg., and 1164 Ridgewood 
Dr., N.E., Atlanta, Ga. 

JOHNSON, Carl W. (M 1912) Pres., • C. W. 
Johnson, Inc., 211 N. Desplaines St.. Chi- 
cago 6, and 1809 Morse Ave., Chicago 26, 

JOHNSON, C. W. (M1983; J1931) Dist.Mgr., 

• Canadian Siroccg Co., Ltd., 630 Dorchester 
St„ W., and 123 Dobie Ave., Town of Mt. 
Royal, Montreal, Qne., Canada. 

JOHNSON, Edward B* (M 1919) Draftsman, 
Bethlehem Steel Co., 8076 Richmond Terr., 
Staten Island 3, and • 164 Wardwell Ave., 
Staten Island 2, N. Y. 

JOHNSON, Fred W. (M 1916) Pres., • John- 
son Larsen Co., 6680 Beaubien St., Detroit, 
and Adams & Beaver Rds., R. F. D. No. 2, 
Birmingham, Mich. 

JOHNSON, Helge S. (A 1933 ; J 1927) Partner, 

• Koithan & Johnson, Reprs., Buffalo Forge 
Co., 39 Cortiand St., New York 7, and 15 
Tonstall Rd., Scarsdale, N. Y. 

JOHNSON, Leslie 0, {M 1988; J 1980) U.S. 
N.R.^ and • 624 14th St., Huntington, W. Va. 

JOHNSON, Oliver W* (M 1938) Chem. Engr., 
Standard Oil Company of California, 226 
Bush St., San Francisco, and •1831 Waverly 
St. Palo Alto, Calif. 


JOHNSON, Ralph B. (M 1922) • Ralph B. 
Johnson & Co,, 201 Petroleum Bldg., and 
2111 W* Main St., Houston, Texas. 
JOHNSON, Raymond L. (A 1943 ; J 1942) Re- 
search Engr., Young Radiator Co., 709 S. 
Marquette St, and • 3719 Sixteenth St, Ra- 
cine, Wis, 

JOHNSON, Russell A. (J 1942; S 1941) Re- 
search Mech, Engr,, Anthony Co., Inc., and 

• 1104 E. Main, Streator. Dl. 

JOHNSON, Tracy IL (M 1924) Branch M g r., 

• The Trane Co,, 6510 Forest Ave., Des 
Moines 11, Iowa. 

JOHNSTON. Arthur K. (A 1942) Owner, 

• 1238 N.W, Glisan, Portland 9, Ore. 
JOHNSTON, James A^ (M 1912) lEIngr., 

• Carn^ Johnston & Wright Atlantic Life 
Bldg., Richmond 19, Va. 

JOHNSTON, Harriott T. {M 1989) Engr., 
Bankers-Life 711 High St, and • 6716 
Pleasant Dr,, D'es Moines, Iowa. 
JOroSTON, Robert B, (M 1929; A 1926) 
Pres.. • R. R Johnston Co., Ltd., 1070 Homer 
8842 West 38rd Ave., Vancouver, 
B. C., Canada. 


JOHNSTON, Robert M. (A 1942 ; J 1937) Lt 
M^ne Engineering, 
U. S. Naval Academy, and • 192 Duke of 
Gloucester St, Annapolis, Md, 

JONES, ^fred (M 1928) Cons. Engr., • Arm- 
strong Cork Co., and 218 N. West End Ave., 
Lancaster, Pa. 


JONES. Alfred L. (M 1926) Plbg. and Htg, 
Contr., • 431 Greenwich Ave., Greenwich, 
and Breezemont Ave., Riverside, Conn. 
JONES, Allan T. (M 1987; J 1935) Chief 
Engr., • S. A. Armstrong, Ltd.. 116 Dupont 
St, and 264 Westwood Ave., Toronto, Ont, 
Canada. 

JONES, Bernard G. (M 1928) Acme Fan & 
Blower Co., 868 Arlington St., Winnipeg, 
Man,, Canada. 

JON]^, Donald R, A. (A 1942) Indus. Gas 
Engr., Southern California Gas Co., 516 E. 
Compton Blvd., and • 404 S. Chester Ave., 
Compton, Calif. 

JONES. Edwin 1933 ; J 1924) Engr. and 
Estimator, • Watt Plumbing, Heating & 
Supply Co., 608 S. Cincinnati, and 1436 East 
17th Place. Tulsa, Okla. 

JONES. Edwin A. (M 1919) • 211 Gray Ave., 
Webster Groves, Mo. 

JONES, Harold L. (M 1920) Supt , • W, W. 
Farrier Co., 44 Montgomery St, Jersey City, 
and 11 Cambridge Rd., Glen Ridge, N. J, 
JONES, Harold S. (J 1942; S 1940) 1st Lt, 
XJ. S. Army, Hq. & Hq. Sq., 17th Air Depot 
Group, APO 628, c/o Postmaster, New York, 
N. Y., and • 216 B Jefferson Ave., Danville, 
Va. 

JONES, Hubert L. (M 1943; A 1938) Dial. 
Superv., Air Conditioning I3ept, • Westing- 
house Electric Elevator Co., 405 N. Griffin 
St., and 638 N. Edgefield. Dallas, Texas. 
JONES, Janies T. (A 1939) Capt, Post En- 
gineer, • Presidio of San Francisco, Calif. 
JONES, John P. (M 1937) Sr. Partner, • John 
Paul Jones, Cary and Millar, 448 Terminal 
Tower, Cleveland, and 3041 Fairfax Rd„ 
Cleveland Heights, Ohio. 

JONES, Lawrence K. (M 1989) Mgr., Special 
Test Section, • Pittsburgh Testing Lab., 1830 
Locust St, and 320 S. Aiken Avo., Pitts- 
burgh, Pa. 

JONES, Sprague {M 1936) 916 Elm St, Van 
Wert, Ohio. 

JONES, Thomas S. (A 1941) Mgr., • Crane 
Kansas City 7, Mo. 
JWES, Wilham C. (M 1941) Mgr., • Johnson 
S^ervice Co., 1981 K St, N.W., Washington, 
D. C., and Triadelphia Rd„ B. F. D. #2. 
EUicolt City, Md. ^ 

William T. (M 1916) (PresidenHaf 
Member) (Pres., 1933; 1st Vice-Pres, 1982; 
2nd Vice-Pres., 1931; Council, 1926-34) 
Treas., Barnes & Jones. 128 Brookside Ave., 
Ja^ica Plain 80, and • 16 Harvard St., 
Newtonville 60, Mass. 

JORDAN, P»oI E (M 1943) PrCfl., - Paul R. 
Jordan & Co., 631 S. Delaware, and 2218 
East 75th, Indianapolis, Ind- 
JORDAN^, Richart C.* (M 1940 iJ 1936 : 1933) 

Assp. Asst Dir., * Engineering Ex- 

University of Minnesota, 
Minneapolis, Minn. 
U.S.N.R., Nor- 

xOjxCp v'fl* 

JOS^HSON, Simon (A 1942; J 1986) Pres., 
•Astor Plumbing & Heating Corp.. 166 
Brooklyn, N, Y. 

JOSLIN, Gwrge C. (A 1948) Sales Mgr,, 
•Tanner & Co., 409 S. Pennsylvania St, 
Indianapolis 9, and 626 N. Colorado Ave,, 
Indianapolis 1, Ind. 

JOYCE, James J. (A 1941) Branch Mgr., • The 
Rai^Jator Co., 208 Balter Bldg., and 
2328 State St, New Orleans, La. 

Jt^G^S, wutet A. (A 1840) Owner, 
•Walter A. Juergens, 802 Times Star 

eSneWto!*' 

JUNG, John S. (M 1930; A 1928) Owner. 
•Jung Hearing Co., 2409 W. Greenfield Ave!, 
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JUNKERf W". H. (M 1936) Wks, Mgr., Emery 
Industnes, Inc.. June & Long Sta., Cincin- 
nati 17. and • 6068 Dryden Ave., Cincinnati 
13, Ohio, 


KACZENSKI. Chester (A 1939; J 1933) De- 
signer, M. W, Kellogg Co.. 225 Broadway, 
New York, and • P. O. Box 156. Bridge^ 
Hampton. N. Y. 

KADEL, George B. (A 1940; J 1938) Bngr., 
E. R. Stiiiibb & bona, 25 Columbia Heights, 
Brooklyn, N. Y and • 55 Cleveland Ave. 
Highland Park, N. J. 

KAERCHER, Carl M. H. (M 1937) Mgr. 
Central Bureau for Heating and Air Condi- 
tioning, and • 2560 Ashursl Rd., University 
Heightii 18, Ohio. 

KAGEY, I. It, (.W 1941; A 1938; J 1929) 
Branch Mgr., • Carrier Corp., 348 Peachtree 
St., N.E., Atlanta 3, and 264 Alberta Drive, 
N.K., Atlanta, Ca. 

KAHN, Charles R., Jr. (J 1939) Lt., U.S.N.R.. 
Navy 94, Elect I*,0., New York, and • 118 
Wood Lane, Woodmere, L. I., N, Y, 
KAISER, Fred (M 1936) Regional Mgr,, 

• Mmneapolis-Honoywell Regulator Co., 433 
K, Erie St., Chicago, and 424 Barton PI., 
Kvaimton, 111, 

KAJUK. Andrew E. (M 1936) Engr., Austin 
Company, 16112 Euclid Ave., and • 1843 
Grantham K<I., Cleveland, Ohio. 

KAPLITN, Eugene (A/ 1043) Cons. Engr., 1728 
Grand Central Terminal Bldg., New York, 
and • 75 Park Terrace, East, New York 34, 

KAPPEL, George W. A. {M 1921) Pr€S.-Treas,, 

• Camden Heating Oo„ 8 Market St, Cam- 
den , and 421 Maple Ave., Westmont, N. J. 

KARAKASU. Theodore J. (A 1940; J 1936) 
Krigr. in Chi<‘f, • Carrier Air Conditioning 
l)opt, C. A A. Baker, Ltd., P. 0, Box 468, 
iHtanhnI, Turkt'y. 

KAR<;iSS, Albert (A 1935) Mgr.. The James 
Stewart Mfg. Co., Ltd., Tecumsoh St., Wood- 
stock, Out., ami • 37 Perry St, Woodstock, 
Cnt.. Canada. 

KAUI^SON, AlCred F. (M 1918) Chief Engr., 

• Parkw-Crnmor Co., P. O. Box 444, Pitch- 
hurt?, and 1H0 JTospect St, North Iico- 
min:d<‘r, Mass, 

KAUl^TKEN, Gustav H. {M 1985) Plant 
Engr., Dunlop Tire & Rubber Corp., Station 
B, Buftalo, and ♦ lh>x 56, Route 1, Tona- 
wamin, N. Y. 

KARSUNKY, WRlIain K. (M 1989) Cons. 
Kngr., 1223 Connecticut Ave., N.W., Wash- 
ington, 1). C., ami * Three Oaks, Kensington, 
Md. 

KABAMEYEIL Alfred L. (M 1943) Engr., 
Bldg. Operation Dept,, Detroit Edison Co., 
2906 Sivoud Ave., and •11414 Marlovre, 
Detroit, Mich. 

KAUFMAN. IL J. (M 1937) • The H. J. Kauf- 
man Co,, 13215 Itoselawn Ave., Detroit 
Mich. 

KAUP, Edgar O. (M 1938) Prod. Appl. Engr.. 
303 Kiaito Bldg., San Francisco 5, and 

• 1332 IIopklnH Court, Berkeley 6, Calif. 
KAVENY, J. (Gordon {HI 1943) Pres., Kaveny 

Bros. Co„ 32 Valley Rd., Montclair, and 

• Fairfield H<1„ Little PallH, N. J. 

KAYAN, Carl F. {M 1942) Asat Prof. Mcch. 

Kngrg, * Schixd of Engrg., Columbia Uni- 
versity, Morningaido Heights, and 425 River- 
side Drive, New York, N. Y. 

KAVBER, PhilWp G. U 1942) Jr. Mech. Engr., 
MfQuuy, Inc., 1090 Bmadway, N.E., and 

• H29 K, Franklin Ave., Minneapolis, Minn. 
KAXLOUSKAS, Anthony (J 1948) Jr. Mech. 

Engr., • Wilbur Watson & Associates, 4614 
ProaiKHSt Avii,, and 2057 K. 88th St, Cleve- 
land, Ohio. 


KEARN, Jeff {A 1943) Mgr., Jeff Kearn Co., 
— Park St, W., Windsor, Ont., Canada. 
KEARNEY, Joseph S. (M 1939) Pres, and 
Gen. Mgr., Northwestern Heating & Plumb- 
ing Co., 1465 Sherman Ave., and • 2001 
Bennett Ave., Evanston, 111, 

KEATING, Arthur J, (M 1937) Engr., • Powers 
Regulator Co., 2720 Greenview Ave., and 
4429 W. Congress St., Chicago, lU. 

KEEFER, Donald M. <J 1941) Asst Chief 
Estimator, Solar Aircraft Co., 1212 W.* 
Juniper St, and • Rt 3, Box 962, San 
Diego 2, Calif. 

KEELING, Fred V. (M 1943; A 1940) Mech. 
Engr., • Public Works Dept Bldg. No. 1, 
XT. S. Navy Yard, and 960 Arrott St, 
Philadelphia, Pa. 

KEENEY, Frank P. (A 1015) Pres., • Keeney 
Publishing Co., 6 N, Michigan Ave., Chi- 
cago, 111. 

KEETON. Rob^t W., M.D. (M 1943) Head, 
Dept of Medicine, • Univ. or 111., College of 
Medicine, 1863 W. Polk St, Chicago 12, and 
6566 N. Sheridan Rd,, Chicago. 111. 
KE6ARISE, Ralph R. (M 1943) Chief Mech. 
Engr., • Skidmore-Owinga-Memll, Box 546, 
Oak Ridge, Tenn., and New Castle, Pa. 
KEHM, Horace S. (M 1928) Pres., • The Kehm 
Corp., 51 E. Grand Ave., and 180 E. Dela- 
ware PI., Chicago, 111. 

KEIM, Eugene C. (M 1944) Branch Mgr., 

• U. S. Radiator & Pacific Steel Boiler Corp., 
314 E. New York St., and 3222 Park Ave., 
Indianapolis, Ind 

KEITH, James P. (M 1938) Vice-Pres.. 

• Canadian Domestic Engrg. Co., Ltd., 1440 
St Catherine St W., Rm. 408, and 4985 
Glanranald Ave., Montreal, Que., Canada. 

KELBLE, P. R, (M 1928) Vice-Pres.-Mgr., 

• Huffman-Wolfe Co. of Philadelphia, 4660 
North 18th St, Philadelphia, and 205 
Pleasant Ave., Glenside, Pa, 

KELL, Waldo It (M 1948; A 1934) Vice-Pres., 

• The Marley Co., Inc., 8001 Fairfax Rd., 
Kansas City, Kans., and 1007 West 68th 
Ter., Kan«ias City, Mo. 

KELLA, Waldon B. (M 1939) Mgr. Air Cond. 
Dept, • Fairbanks, Morse & Co., 217 S. 
Eighth St., and 4 Salisbury, Airport Park, 
St Louis, Mo. 

KELLEY, James J. (A 1924) Fuel Oil and 
Burner Asst, • Colonial Beacon Oil Co., 378 
Stuart St, Boston, and 142 Governors Ave., 
Medford. Mass. 

KELLOGG, Winston T. (A 1988) Capt A.C., 
Base Executive, • 3rd Ferrying Group, Rom- 
ulus Army Air Field, Romulus, Mich., and 
2020 Country Club Lane, Little Rock, Ark. 
KELLY, Charles J. (M 1931) N. Y. Repr., 

• James P. Marsh Corp., 155 East 44th St, 
New York, N. Y., and 440 Fairmount Ave., 
Jersey City, N.< J. 

KELLY, Francis C. (J 1942) Pres., • Kelly & 
Cracknell, Ltd., 2869 Dundas St W., and 
15 Keele St, Toronto, Ont, Canada, 

KELLY, n. J. (A 1940) Sales Engr. and 
Owner, • 816 Howard Ave., and 8006 Nelson 
St, New Orleans, La. 

KELLY. James a (A 1942) Mgr., SulKvan 
Valve & Engineering Co., $. 124 Wall St., 
Spokane 8, and • W. 1805 Pacific Ave., 
Spokane 9, Wash. 

KELLY, Olin A. (S 1940) Aviation Cadet, U. 
B. Army Air Forces, A.C.T.D. 42-4-Chanute 
Field, in., and * Shelby, Mich. 

KELLY, Wilbur C. <M 1936) Field Engr., 

• The Iron Fireman Manufacturing Co. of 
Canada, Ltd., 602 King St, W., and 68 
Elmsthorpe Ave., Toronto, Ont, Canada. 

KEMF, Gordon C. (A 1941) Gen, Sales Mgr., 

• Chatham MalleaMe & Steel Products, Ltd., 
6X3 C.P.R. Bldg., and 296 Armadale Ave., 
Toronto, Ont, Canada. 
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KENNEDY, Maron (A 1936, J 1930) Appl. 
Engr., • York Corp-, 5051 Santa Fe Ave., 
Los Angelos 11, and 2704 Carlaris Ed., San 
Marino 9, Calif. . , , ^ 

KENNEDY. Walter W. (M 1941) Mech. Engr., 
Barber-Colman Co . 150 Loomis St., and 

• 2220 Douglas St., Eoakford, 111, 
KENNETT, V. A, (M 1986) Mgng. Dir., 

• Air Conditioning & Engineering, Ltd., 
Victoria Works, Higher Bents Lane, Bred- 
bury, Cheshire, and Sherwood House, Clem- 
ent Road, Marple Bridge, Stockport, England. 

KENT, A. Douglas (J 1941) Mech. Bngr., 
Aluminum Co^ of Canada, Ltd., and • 499 
Hunt St., Arvida, Que., Canada. 

KENT, Laurence F. (A 1927; J 1924) Pres . 

• Moncnef Furnace Co., P. 0. Box 1678, and 
1615 Morningside Dr., N.B., Atlanta, Ga. 

KENT, Richard L. (M 1936) Dist. Mgr , 

• Trane Co. of Canada, Ltd., 303 New Har- 
grave Bldg., Hargrave St., and 147 Welling- 
ton Crescent, Winnipeg, Man., Canada. 

KERBEL, Jesse (J 1944) Designer-Draftsman, 
Chemical Construction Corp , 30 Rockefeller 
Plaza, New York, and • 136-14-78th Rd., Kew 
Gardens Hills, Flushing, N. Y. 

KERN, Joseph F., Jr. (A 1987) 149 Broadway, 
New York 6, and • Box 695, Massapequa, 
N. y. 

KERN, Raymond T. (M 1927) Chief Engr., 
Jennison Co., Fitchburg, and • 51 Clafiin St,, 
Leominster, Mass. 

yp.M, Gerald C. (A 1940) Acoustical Engr., 

• T^lor-Seidenbach, Inc., 1401 Tshoupitoulas 
St., and 626 Pine St., Apt. 2, New Orleans, 
La. 

KERR, Robert (M 1943) Gen. Mgr., • Universal 
Sheet Metals, Ltd., 980 Queen St., E,, and 
80 Woodington Ave„ Toronto, Ont , Canada. 
KERR, William E. (M 1987) South Carolina 
Repr.f • Barnes & Jones, Inc., 1201 Hyatt 
Ave, Columbia, S. 0. 

KERSHAW. Melville G, <M 1932; A 1926; 
J 1921) Vtg. and Air Cond. Engr., • E. 1. 
duPont de Nemours & Co., Wilmington, Del., 
and 7313 North 21st St., Philadelphia, Pa. 
KESSLER, Clarence P. (M 1938) Asso. Prof.- 
Mech. Engrg., • University of Michigan, 
241 W. Engineering Bldg., and 1756 Broad- 
way, Ann Arbor, Mich, 

KETCHUM, E, R. (M 1948) Engr., The Mar- 
ley Company, Inc., 3001 Fairfax Ed,, Kansas 
City 16, Kan., and • 8637 Benton Blvd., Kan- 
sas City 3, Mo. 

KEYES, Marcus W. (M 1942) Lt. U.S.N.R., 
and 6514 Brennon Lane, Chevy Chase, Md. 
KEYSER, Herman M. (A 1937) M. W. Sales & 
Co., 801 W* Baltimore, Detroit, and • 10703 
Hart, Huntington Woo^, Mich. 

KICZALES, Manrice D. (M 1985) Chief Air 
Cond. Engr., • U. S. Army Motion Picture 
Service, Tower Bldg., 14th & E Sts., Wash- 
ington 25, D. C. 

KIDD, Charles R. (M 1942 ; A 1938) Sr. Mech. 
and Elec. Maintenance Engr., Federal Public 
Housing Authority, Em. 411, Longfellow 
Bldg., and • 54 V St., N.W., Washington, 
D. C. 


KIEFER, E. J. <A 1932 ; J 1928) Mgr., • H, C. 
Archibald Co., 406 Main St., and 108 N. 
Sixth St., Stroudsburg, Pa. 

KILLEEN, Edmund P. (A 1941) 854 Barker 
Bldg., Minneapolis, Minn. 


KILLIAN, Vic J, (A 1937) Pres., • V. J. 

Killian Co., 907 Unden Ave., WJnnetka, IIL 
KILLIAN, William J. (A 1940) Lt, U.S.N.R., 
Bureau of Yards & Docks, Navy Dept, War 
Plans Division, Washington 26, D. C., and 
• 4629 36th St, S., Arlington, Va. 
KILLOREN, Donald E. (S 1941) 1st Lt, U S 
Aiw, Co. P 27th Bn., Ft McClellan, Ala., 
and * 306 Forny Hall, Jacksonville, Ala 


KILNER, John S. (M 1929) Detroit Hepr., 

• Dellinger Corp., 1091 Seminole Ave., Detroit 
14, Mich. 

KILPATRICK, William S, (M 1923) • W. S. 
Kilpatrick & Co., 1100 East 33rd St . Los 
Angeles. Calif. 

KIMBALL, Charles W. (M 1915) Pres., 

• Richard D. Kimball Co., 6 Beacon St.,’ 
Boston, and 65 Prescott St, West Medford, 
Mass. 

KIMBALL, Dwight D.+ (Life Member; M 1908) 
(Presidential Member) (Pres., 1915 ; 2nd 
Vice-Pres., 1914 ; Board of Governors, 1912- 
13 ; Council, 1914-16) Cons. Engr., • 1728 
Grand Central Terminal Bldg., and 145 West 
58th St, New York, N. Y. 

KIMBLE, Carl W. (A 1943; J 1938) Owner, 

• Advance Heating & Sheet Metal Works, 
815-24th St., and 2020 -3Sth St., Rock Island 
III. 


KING, A, C. (M 1936) Cons. Engr., • 35 S. 

Dearborn St, Chicago 3, 111 
Kl^G, John S, (A 1940) Engr., Anthracite 
Industries Laboratory, and • P. O, Box 77, 
Primes, Delaware Co., Pa. 

KING, Thomas E. (M 1943) Vice-Pres., 

• Lord & Burnham Co., 2 Main St, Irving- 

N. y., and 47 Jane Ave., Hartsdale, 

KINGSLAND, George D. (M 1935) •RE 3 
Eureka, Mo. 

KINGSWELL, William E. (M 1935) Pres., 

• William E. Kingswell, Inc., 3707 Georgia 
Ave., N.W., Washington, D. C., and R. P. D 
1, Sliver Spring, Md. 

KINNEY. Aldon M. (M 1936) Pres., • A. M. 
Kinney, Inc., 1211 Enquirer Bldg., Cincin- 
nati 2, and Box 168 Indian Hill Rd., Indian 
Hill, Cincinnati, Ohio. 

KIPE, J. Morgan (M 1919) Dir. of Education, 
Anthracite Industries, Inc., 2204 Walnut St , 
Philadelphia, and • 801 Homestead Ave.! 
Beechwood, Upper Darby P, O., Pa, 
KIRKBRIDE, J. Owen (M 1938) Partner, 
Parent & Kirkbride, Fourth & Locust Sts., 
Philadelphia 6, Pa., and 1121 Eldridge Ave., 
West Gollingswood, N, J. 

KIRKENDALL, Horton J, (Af 1942; .1 1938) 
Sales Repr., Htg. Equipment, • 20l Catalpa 
PL, Pittsburgh 16, Pa, 

KIRKPATRICK, Arthur H. (M 1935; ,/ 1931) 
Dist Mgr., • Ilg Electric Ventilating Co., 
416 Brainard St, and Hotel Webster Hall, 
Detroit, Mich. 

KIRSCHHOFER, Ferd J* (A 1943) Owner, 

• Federal Home Htg. Co., 187 Delaware 
Ave., Buffalo 2, N. Y. 

KIRTIaAND, Eugene M. (A 1940) Pre^,, 

• Engineering Specialty Co„ 204 W. Ridge 
Rd., and 2900 W, Beverly Drive, Gary, Ind. 

KITCH, Richard B. (AT 1941) Regis* Engr., 
Mfrs. Repr., • 314 Palmer Bldg., and N. 

Atlanta, Ga. 

KITCHEN, Darley E. (A 1044) Owner, Kitchen 
Coal & Heating Co,, and • 364 E. Hunter, 
Logan, Ohio. 


KITCHEN, Francis A. (A 1927; J 19231 
• American Warming & Ventilating Go., 
1514 Prospect Ave., Cleveland, and 2077 
Campus Rd., South Euclid, Ohio. 

KITCHEN, John H* (Li/c Member* M 1906) 
Pr€s.-Mgr., • John H. Kitchen & Co., 1016 
Baltimore Ave., and 5015 W<*«twoo<l Ternieo, 
Kansas City, Mo. 


KITCHEN, William H, J. (A 1 938) Elec'l. Lt. 
(Installation Officer) • Royal Canadian Naval 
Volunteer Reserve, Box 713, and 219 Yonge 
St., W., Midland, Out., Canada. 

KLAGES, Frank E, P. (M 1940) Diafc. Mgr,, 
• The Pwgrs Regulator Co., 1034 JefferHon 
Standard Bldg., and 1512 iE^ednle lid., 
Greensboro, N. C. 
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KLEIN, Edward W. (M 1917) Kepr., • Warren 
Webster & Co., 162 Nassau St., N.W., At- 
lanta 3, and 3846 Peachtree Rd., Atlanta. Ga. 
KLEINKAUP, Henry Y. {M 1938; ,/ 1937) 
Partner, * Natkin & Company, 506 South 
IHth St., Omaha 2, and la.'iS South 90th 
St., Omaha, Nebr. 

KLEINHOMER, WUliani G. (A 1943) Vent. 
Enprr,, Gielow, Inc., 26 West 43rd St., New 
York, and • 2142 Troy Ave., Brooklyn, N, Y. 
KLIE, Walter {M 1915) Pres., • The Smith & 
Ohy Co., 6107 Carneprie Ave., Clevelands, 
and 18411 S. Woodland Rd, Shaker Heights, 
Ohio. 

KLIEFOTH, Max H. (A 1939) Treas., • Re- 
search Pioducta Corp., 1015 E. Washington 
Ave., and Woodward Grove, Madison, Wise. 
KLINK, Erwin J. (J 1942) 230 E. Alexandrine, 
Detroit, Mich, 

KLtrOKHUHN, Frederick H. (./ 1940) Army 
Air Corps, Aviation Cadet, AAFTI'S — ^Rm, 
2683 Entrance L., Sterling Hall, Yale Univ., 
New Haven, Conn,, and • 1110 Montgomery 
Ave., l^iurcl, Md. 

KLUGE, Burnett M. (A 1944; ./ 1938) Sales 
Engr., Baylcy Blower Co,. 1817 South 66th 
St., and * 1236 South 46th St., Milwaiukee, 
Wift. 

KKAB, Edward A. {M 1930) Sole Owner, 

• K. A, Knab, Htg. & Plbg. Contr.. 4823 N. 
Bartlett Ave., Milwaukee 11, Wise. 

KNEPPER, H. H. (A 1938) • Box 862, Mar- 
shall, Texas. 

KNIBB, Alfred E. (A/ 1930) Htg. Engr., • L. 
L. McConuchie Co., 1003 Maryland Ave., 
iKdroitSO, and 9333 K. Jefferson Ave., 
Detroit 14, Mich, 

KNIGHT, John T., Jr. (A/ 1941) Cons. Engr., 

• 629 Comm<ju St., and 1638 Fourth SL, New 
Orleans, La. 

KNOWLES. Elwin L. (A 1937) Prop., 

• Knowles Air Conditioning, Marshall Heat- 
»rtg <‘<*., 1324 Marshall St., N.E., and 400 
Thomas Ave., S., Minneapolis, Minn. 

KNOX, John C. (A 1938) Vice-Pres. • Water- 
loo Register Co,, 600 Anita St., and 176 
Onten SL, Waterloo, Iowa. 

KNOX. Walter (M 1948) Development Engr., 

• H, D, Conkey Co., Mendota, III. 

KOCH, Albert H. {M 1938) Regional Manager, 
Mitmeapolis-Honeywell Regulator C<»., W'l 
Marietta Bldg., and *116 Terrace Dr., N.E., 
Atlanta, Ca. 

KOCH, Richard G. (A 1936) House Heating 
Engr., * Milwaukee Gas Light Co., 626 B, 
WiKConsin Ave., Milwaukee 2, and 5707 W. 
Brooklyn Ph, Milwaukee 10, Win. 

KOEHLER, 0. Stewart (A 1936) Sales Engr., 
Minneapolls-Honeywell Regulator Co., 221 
Fourth Ave., and ♦ 4374 Richardson Ave., 
New York 66, N. Y. 

KOEHLER, Geo. N* (M 1943) Dist Repr., 
MlnneapoUa-Honcywell Regulator Co., and 

• 6713 Colbert St„ New Orleans, 


KOENIG, Andrew C. (J 1940) T/Sgt. S6156S77, 
M. & S. Co., nath Engr. Bn., a. P. 0. 38, 
Camp Livingston, La., and • 701 E. Missouri 
St., Evansville 11, Ind. 

KOLAKOSKL Roman (A^ 1942) Owner and 
Mgr., * Clarendon Plumbing & Htg. Co., 
4846 26th Rd., N., Arlington, Va. 


KOLASA, Marlon J. 

Wood In<iuslrie«, Htg. Div., 7924 Riopelle, 
and ♦ 2603 Frederick, Detroit, Mich. 


KOLB, Fred W. (M 1933) • 698 Monadnock 
Bldg., San Prenciflco 5, and 82 Macondray 
St., San Francisco, Calif. 

KOLB, Robert F. (M 1939) Lieul.-Comdr., 
U.S.N.E., * Postgraduate School, U. S. Naval 
Academy* Annapolis, Md., and 215 May St., 
WorciV'ter, Mass. 


KOLLAS, Will J. (M 1939) Chief Engi , Mon- 
tag Stove & Furnace Works, 2011 N. Colum- 
bia Blvd., and • 6104 N. Missouri Ave., Port- 
land, Ore. 

K0N20, S.+ (M 1937 ; A 1986 ; J 1932) Special 
Research Prof., • University of Illinois, 1108 
W. Stoughton St., Urbana, and 510 S. 
McKinley Ave., Champaign, 111. 

KOOISTRA, John P. (M 1983) Branch Mgr., 

• Carrier Corp., 626 Market St., San Fran- 
cisco 6, and 1128 Cortez Ave., Burlingame, 
Calif. 

KORN, Charles B, (M 1922) Member of Firm, 
Reber-Korn Co., 817 Cumberland St., and 

• 1022 S. Eighth St., Allentown, Pa. 
KOSTER, Howard H. (A 1942; J 1939) Asst. 

Prof. Mech. Engrg., George Washington Uni- 
versity, Washington, D. C., and • Sylvan 
Drive, Sleepy Hollow, Falls Church, Va. 
KRAMIG, Robert E., Jr. (A 1933) Vice-Pres. 
and Treas., • R. E. Kramig & Co., Inc., 222-4 
East 14th St., Cincinnati 10, Ohio. 
KRAFOHL, William H. (M 1941) Sr. Engr. 
(Htg.) U. S. Government, 31 St. James- 
Ave., Boston, and • 79 Prospect St,, W. Rox- 
bury, Mass. 

KRATZ, Alonzo P.* (M 1926) (Council, 1938- 
48) Research Prof., • Dept, of Mech. Engrg., 
University of Illinois, and 1003 Douglas 
Ave., Urbana, 111. 

KREINER, Jack (A 1940) Owner, • 153 East 
26th St., New York, N. Y. 

KREMER, R. H. (M 1943) Secy., • Kupferle- 
Hicks Heating Co., 8974 Delmar Blvd., St. 
Louis 8, and 473 Oakwood Ave., Webster 
Groves 19, Mo. 

KRENZ, Alfred S. (M 1937; A 1986) Pres.- 
Treas., • Krenz & Co., 6114 W. Center St,, 
Milwaukee 10, and 7933 W. Milwaukee Ave., 
Wauwatosa 18, Wis. 

KREZ, Leonard (A 1936) Vice-Pres., • Paul J. 

Krez Co., 444 N. LaSalle St., Chicago, HI. 
KR1BS> Charles L., Jr. (M 1985) Proem ement 
Mgr., Winston-Haglin-Missouri Valley-Sollitt, 
P. O. Box 761, Beaumont, and • 3416 Drexel 
Drive, Dallas, Tex, 

KRIEBEL, A. E. (M 1920) Sales Engr., 

• Haynes-Blankin Corp., 1124 Spring Garden 
St., Philadelphia, and Berwyn, Chester Co., 
Pa. 

KROEKER, J. Donald** (M 1936) Capt., C.E., 
U. S. Army, and • 6881 N.E. Siskiyou St., 
Portland 18, Ore. 

KRUEGER, James I. (Life Member; M 1921) 
Retired, • c/o Capt. A. P. Krueger, 1770 
Arch St., Berkeley, Calif. 

KRUSE, W. C.. Jr. (M 1938) Owner, • Kruse 
Engineering Co., 24 Commerce St., Newark, 
and 32 University Court, South Orange, N. J. 
KUCERA, Henry T. (M 1943) Vice-Pres, 

• Marsh Tritrol Oo., 600 S. Michigan Ave., 
Chicago, and 16 Elder Lane, La Grange, 111. 

KUCHER, Andrew A. (M 1988) Director of 
Research, • Bendix Aviation Corp., Research 
laboratories, 4865 Fourth Ave., Detroit 1, 
and 98 Merrlweather Rd., Grosse Pointe 
Farms 30, Mich. 

KUCINSKI, WHUam V. (A 1939) Pres., Gen- 
eral Conditioners, Inc., 589 Summer Ave., 
Newark, and • 827 Union Ave., Belleville, 
N. J. 

KUECHENBERG, Wmiarn A. (M 1937) Pres., 

• R, B. Hayward Co„ 1714 Sheffield Ave., 
Chicago, and 427 Elmore Ave., Park Ridge, 
111 . 

KUEMFEL, Leon L. {M 1936 ; J 1929) Owner, 
Kuempel Engineering Co., 2831 Gilbert Ave., 
and • 3702 Homewood Rd., Cincinnati, Ohio. 
KUGEL, H. Kenneth (M 1988) Chief Engr., 
Smoke Regulation & Boiler Inspection, 102 
District Bldg., Washington 4, and * 3825 Mor- 
rison St., N.W., Washington 16, D. C. 
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KUHLMANN, Sadolf (M 1928) Mgr., • Amer- 
escOj^ Inc., 50 Church St., New York, and 21 
Delta Place, Goshen, N. Y. 

HUMMER, Calvin J. (A 1942 ; J 1938) 1st Lt., 
• 72nd F.A., Fort Bragg, N. C., and R. E. 3, 
Box 180, Louisville, Hy. 

KUNBN, Herbert (J 1938) Ensign. Ft. Schuy- 
ler, New York, and * 139-06 Pershing Cres- 
cent, Jamaica 2, N. Y. 

KUNTZ, Edward C. (J 1937) Asst. Engr., U. S. 
Engineers, 1114 Market St., and • 6516a Mor- 
ganford Ed., St. Louis 16, Mo. 

KUNZOG, Theodore W. (M 1939) Sales Engr., 
Moraine Products Div., 1420 Wisconsin Blvd„ 
Dayton 1, and • 116 Wisteria Drive, Dayton, 
Ohio. 

KURTH, Prana J. (M 1937) Vice-Pres., • Ane- 
mostat Corporation of America, 10 East 39th 
St., New York, and 510 Oortlandt Ave., 
Maxnaroneck, N, Y. 

KURTZ, Otto (M 1941) Cons. Engr., Plumbing- 
Heating - Ventilating - Electric, and • 3618 
Grove St.. Oakland 9, Calif. 

KURTZ, Robert W. (J 1936) Capt„ Ordnance 
Dept., U. S. Army, • Elwood Ordnance Plant, 
Joliet, 111., and Air Conditioning Co., 3216 
McKinney, Houston, Texas. 

KWAN, L K, (M 1933) (Mail Returned) 

L 


LABONNE, Henri (A 1940) Capt., Canadian 
Army, • 64 B Brooks St., Sherbrooke, Que., 
Canada. 

LADD, David (M 1938) Lt. Comdr., U. S. 
Naval Reserve, and • 306 Wadsworth Ave., 
Philadelphia 19, Pa. 

LAGODZINSKI, Harry J. (A 1927; J 1920) 
Sales Engr., • Ilg Electric Ventilating Co., 
222 N. LaSalle St., Chicago, and CiTstal 
Lake, HI. 

LAIB, Paul H. (M 1940) Indus. Engr., Stone 
& Webster Engineering Oorp., 49 Federal 
St., Boston, and • 60 Dwhinda Ed., Waban, 
Mass. 


LAMONTAGNE, A. P. (A 1936) Sales Mgr., 

• Gurney Foundry Co., Ltd., 100 Principal 
St., St. Laurent, and 5040 Victoria Ave., 
Montreal, Que., Canada. 

LANDAU, Mitchel (M 1937) • 1861 Widencr 
PL, Philadelphia, Pa. 

LANDAUEE, Leo L. (M 1938; J 1932) Lieut. 
(CEC) U.S.N.B., c/o Bureau Yards & Docks, 
Navy Dept., and * 3726 Connecticut Ave., 
N.W., Washington, D. C. 

LANDERS, John J. (M 1980 ; J 1924) • Landers 
Engineering Co., 170 Franklin St., Buffalo, 
and 120 Burroughs Drive, Snyder, N. Y. 
LANDES, Bates E. (M 1938) Mech. Engr., 
Lake Shore Tire & Rubber Co., East 24th & 
Scott, and • 1608-47th St., Des Moines 10, 
Iowa, 

LANDFRIED, Charles L, (M 1942) Chief Engr., 

• Tattle & Bailey, Inc., and 5 Texas Drive, 
New Britain, Conn, 


LANGAN, James (S 1943) P.F.C., U. S. Army. 

and • 608 Femfaill Ave., Pittsbnrgh 26, Pa. 
LANGBERG, BJartin (A 1941) Engr., Carroll 
Sheet Metal Works, 4610-70th St, Winfield, 
and^ 3215-9Srd St, Jackson Heights, L. L, 


LANGDON, Edwin H. (M 1941) Partner, 
• Langdon-Faulkner Co., 966 Dexter-Horton 
Bldg., Seattle 4, and 426 W. Roy St, Seattle 
99, Wash. 


LANGDON, To'm C, (J 1943) Owner. • T. 0. 
Langdon Co., 511 S.W. Pine St., Portland 4. 
and 1910 N.E. Weidler St., Portland, Ore. 
LANGE, Fred P. (A 1934) Lt, U.S.N.R.— 3289, 
® Mechanical Service Co„ 809 Pence 

Ave.. 

S.W., Faribault Minn. 
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lANGE, Rasrmond T. (M 1936) Project Engr., 
Axial Flow Fan Designs, Lear Avia, Inc., 
PiQua, and • 224 Jackson St., Piqua, Ohio. 

LANING, Benjamin A- (M 1942) Utility Offi- 
cer, • Veteran's Administration, Veteran’s 
Hospital, Columbia, S. G. 

LANOU, J. Ernest (M 1931) Mgr., • F. S. 
Lanou & Son, 90 St. Paul St, and 48 
Brookes Ave., Burlington, Vt. 

LaRAUS, Julius (A 1943 ; J 1940) Prod. Engr., 
General Instrument Coip., 829 Newark Ave., 
Elizabeth, N. J., and • 22-21~76th St., Jack- 
son Heights, L. I., N. Y. 

LaROI, George H., II (A 3942 ; J 1936) Elec'l. 
Engr. and Adv. Mgr., • McDonnell & Miller, 
Wngley Bldg., Boom 1316, Chicago 11, and 
606 Vine Ave., Park Ridge, 111. 

LARSON, Carl W. (M 1936) Htg. Engr. and 
Sales Repr., Barnes & Jones, Inc., Rm. 1219, 
Industrial Trust Bldg,, Providence, R. I,, 
and •184 Sycamore St., Roslindale, Mass, 

LARSON, Clifford P. (A 1989; J 1980) Sgt., 
• Hq. Co. and Sch. Bn., Camp Savage, Minn. 

LARSON, G. L.* (M 1923) (Preetdcnital Mem^ 
her) (Pres., 1936 ; Isl Vice-Pres., 1936 ; 2nd 
Vice-Pres., 1984; Council, 1929-37) Prof, of 
Mech. Engrg. • University of Wisconsin, 
Mechanical Engineering Bldg., and 1213 
Sweetbriar Rd., Shorewood Hills, Madison, 
Wis. 

LaRUE, Perry {M 1938) Director, Bldgs, and 
Groimds Dept, • Independent School District, 
629 Third St, and 1321-43rd St, Des Moines, 
Iowa. 


LASETER, Frank L. (M 1938) 1st Lt Co. FE, 

• 14 Capitol Parkway, Montgomery, Ala. 

La SALVIA, James J. {M 1980) Cons. Engr.. 

• 2615 Eaton Rd., University Heights, Cleve- 
land, Ohio. 

LASHLEY, Walter L., Jr. (J 1943) Gen. Fore- 
man of Air Cond., Allison Division, General 
Motors Corp., and • 6427 Park Ave., In- 
dianapolis, Ind. 

Henry, Jr* (J 1940) Prod. Mgr., 
Paige Engineering Service, 4908 Hampden 
Beth^da, Md., and • 3600 Macomb St, 
N.W., Washington, D. C. 

LAUBE, H. L. (M 1943) Carrier Corn,, Syra- 
cuse, and • Route 1, Jamesville, N. Y. 
LAra]^ Harold B* {M 1930) Vice-Pres.. • Eng- 
lish & Lauer, Inc.. 1978 S. X.os Angeles St, 
Los Angeles, and 462 S. Spaulding Dr., 
Beverly Hills, Calif. 

LAUER, Rodney P. (M 1941 ; A 1940 ; J 1936) 
S5**^‘* 215 Investment 
<2. and 418 B. Le- 
land St., Chevy Chase 16, Md. 

LAUPKETTER, F. C. (M 1986) • Supt of 
Maintenance, Hotel Jefferson, and 7056 W. 
Park Ave., St Louis, Mo, 

LAUTERBACH. Henry, Jr, (M 1935) Contract 
Engr., • Carrier Corp., 20 N. Wacker Drive, 
Jwwgo 6, and 6969 Merrill Ave., Chicago 

I^igning Engr*, 
Holston Ordnance Works, Tennessee ikwt- 
man Corp., Kingsport, and * R. F. D. #1. 
Johnson City, Tenn,^ ^ 

Anthony E. (A 1942) Vice-Prc»„ 
Plumbing & Htg. Co., 
2841 East 22nd St., Cleveland, Ohio. 

Mgr. Milwaukee Sales, • L. J. Mueller Fur- 
Ave., Milwau- 

11* Ave., Milwaukee 

’^®T***‘ Heating 

Div., The James Robertson Co.. Ltd., 216 
Spediua Aveu, and • 60 Armadale Ave., To- 
ronto, Ont, Canada* 
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LAWRENCE, Cliester T. {A 1940) Branch 
Mfi-r., U. S. Radiator Corp., 901 Wesley 
Temple Bldg:., and • 6213 Washburn Ave., S., 
Minneapolis, Mmn. 

LAWRENXE, Floyd B. (A 1938) Sales Engr., 
• Clarage Pan Co., 500 Fifth Ave., Rm. 1024, 
Now York IS, N, Y„ and 60 Gardiner St., 
Noroton Heights, Conn. 

LAWRENCE, L. Frank, Jr. (M 1942 ; J 1988) 
Branch Bngr„ • Minneapolis-Honeywell Reg- 
ulator Co., 304-101 Marietta St. Bldg., At- 
lanta 3, and 79G Amsterdam Ave., N.E., 
Atlanta, Ga, 

LEAS, Nat N. {A 1043) Service & Installation 
Dept., Western Air & Refrigeration Co., 

l nc, , and • US N. Alexandria Ave., Los 
Angelos 4, Calif. 

LECDREUX, Ezra K. (A 1943) Htg. and Mech. 

Engr., F, O. Box 666, Florence, Ala. 

LEE, Burton H. {A 1940) • Mance Air Condi- 
tioning Corporation, 1841 Broadway at 60th 
St., New York 23, N. Y., and 34th St. & 
Holly Rd.. Virginia Beach, Va. 

LEE, Carl M. (A 1044) Supvr., Air Cond., AMi- 
8on Division, General Motors Corp., R^ymond- 
Tibbs, and * 4606 Farnsworth, Indianapolis, 

l nd. 


LEE, James A* (Af 1943; A 1937) Production 
Buyer, • Nash Kclvinator Corp., 25th Ave., 
and 7301 Fifth Ave., Kenosha, Wis. 

LEE, Robert J. (AZ 1941) Mech. Engr.. The 
Ballinger Company, 106 South 12th St., and 

♦ 2366 77th Ave., Philadelphia 38, Pa, 

LEF^ liobert T. (J 1937 j S 1936) Engr. in 

Charge, Charlotte War Products Pool, P. O. 
Box 69, ami • 2406 Shenandoah Ave., Char- 
lotte, N. C. 

LEEK, Charles W. (Af 1088) Managing Dir,, 
Leek & Co., Ltd. 1111 Homer St., and • 4682 
W. Sixth Ave., Vancouver, B, C., Canada. 
LEEK, Walter (Life Member; M 1908) Pres., 

• Leek & Co., Ltd., 1111 Homer St., and 
4769 W. Second Ave., Vancouver, B, C., 
Canada. 

LEFEBVRE, Eugene J. (M 1987) Engr., War- 
den King, Ltd., 2104 Bennett Ave., Montreal, 
Que., Canada, and * 378 Wood Ave., West- 
mount, Cue., Canada. 

X^EPFEL, Paul a (A 1941) Owner, The Leffel 
Company, 3323 Main, and * 316 East 76th 
St., Kansas City, Mo. 

LEGLER, Frederick W, (M 1035; A 1983) 
Pm., •The Waterbary Co,. 17 West 28th 
St., and 2010 Johnson St., N.E., Minneapolis, 
Minn. 

LEHMAN, John L. (Af 1942) Prod. Control 
Kngr.. Federal Tel. & Radio Corp., 1000 
Passaic Avc„ East Newark, and • 12 Pitts- 
fteld St., Cranford, N. J. ^ 

LEHMAN, Max O. (A 1937) Owner. ♦ M. O. 
I,ehman, 720 O St., and 2011 Worthington, 
IJncoln, Nebr, 

LElCHNITaS, Robert W. (A 1944? J 1986) 
l^rogrcssman, Puget Sound Navy Yard, 
Bremerton, and • 208 Belmont, N., Seattle 2, 


Wash. 

LEIUCH, Roger L. <Af 1922) Pres., • The 
Wallace Stebbins Co„ 100 S. Charles St., and 
Uuxton, Baltimoro County, Md. 


LEINBERGER, Richard J. P, (./ 1942) * 1618 
South 22n<l St., Milwaukee, Wis. 
LEINROTH, J, P. (M 1920) Gen. Industrial 
Fuel Repr., * Public Service Electric A Gas 
Co., 80 Park PI., Newark, and 87 The Fair- 
way, Montclair, N. J. 


LEtTCH. Arthur S. (M 1908) Pres: and Man- 
aging Dir., Arthur S. I<e»tch Co., Ltd., 
1128 Bay SL, Toronto 6, and • 421 Russel 
Hil! Rd„ Toronto 12, Ont, Canada. 

LEXTOABEL, Kenneth A. (£1941; S 1989) 
Exp. Test Engr., Pratt A Whitney Aircraft, 
East Hartford, and • Apt, B-6, 18 Denison 


St„ Hartford, Oonru 


LELAND, Warren B* (M 1929) Sr. Indus. 
Analyst, Redistribution Div., War Production 
Bd., New Municipal Bldg., Washington, 
D. C,. and • 4609 Four Mile Run Drive, 
Arlington, Va. 

LELAND, William E, (Life Member ; M 1916) 
Partner, • Leland & Haley, 58 Sutter St., 
San Francisco, and 704 The Alameda, Berke- 
ley 7, Calif. 

LENIHAN, WilUam O. (A 1936) Vice-Pres., 

• Laverack & Hain^, Inc., 718 White Bldg., 
Baltic 2, and 703 W. Ferry St., Buffalo, 

LBNONE, Jose M. (M 1919) Lt. Col., Design- 
ing Engr.. • Wilson & Co., 4100 S. Ashland 
Ave., and 4932 Lake Park Ave., Chicago 15, 

LEONARD, Lorcan C. G. (J 1937) Tech. Mgr., 

• McCann Jeffreys, Ltd,, 19-20 Ellis* Quay, 
and 266 Clontarf Rd., Dublin, Ireland. 

LEONARD, Richard R, (A 1942; J 1941) Field 
Service Engr., • A. M. Byers Co., 634 Mun- 
sey Bldg., Washington, D. C. 

LEONHARD, Lee W. <M 1986) Asst. Supt., 
Eastman Kodak Co., Kodak Park, and • 1076 
Winona Blvd., Rochester, N. Y. 

LEOPOLD, Charles S. (M 1934) Consulting 
Engr., •213 S. Broad St., Philadelphia 7, 
and 7600 West Ave., Elkins Park, Pa. 
LeRICHE, Raymond E. (A 1941) Dist. Mgr., 
Minneapolis-Honey well Regulator Co., 2210 
Second Ave., and • 6345~39th S.W., Seattle 6. 
Wash, 

LESER, Fred A. <M 1941 ; A 1937) Dist. Mgr., 

• Ilg Electric Ventilating Co., 608 Mills 
Bldg.. 17th & Penn Aves., N.W., Washing- 
ton 6, and 7201 Cobalt Rd., Wood Acres, 
Md., Washington 16, D. C, 

LESSINGER, Edgar F. (A 1941) Owner, • Les- 
Binger Plumbing & Heating Co., 221 S. 
Tenth St., and 814 North 18th St., Boise, 
Idaho. 

LEUPOLD, George L. (A 1937) Capt., Meteoro- 
logical Division, Ripley Bldg., 429 N. Main 
St., Dasrton, Ohio. 

LBUTHESSER, Fred W., Jr. {M 1987) Secy., 

• National Metal Products Corp., 21 N. 
Loomis St., Chicago, and 1715 North 77th 
Court, Elmwood Park, 111. 

LEVINE, Charles (A 1943; J 1989) Refrig, 
and Air Cond. Mechanic, New York Navy 
Yard, and • 1171 Ocean Parkway, Brooklyn 
30, N. Y. 

LEVINEy Lawrence J. (J 1940) Ensign, V, S, 
Navy, and • 1378 East 12th St., Brooklyn, 
N.Y. 

LEVITT, Leroy L. (A 1942 ; J 1940) Lt., TT.S. 
NJt., and • 3826 Gwynns Falls Pkwy., Balt4- 
more, Md. • 

LEVY, Marion L (M 1988; A 1936; J 1981) 
Pros., • Viking Air Conditioning Corp., 6600 
Walworth Ave., Cleveland 2, Ohio. 

LEWIS, Carroll E. (M 1930) Gen. Sales Mgr., 
Delco-Appliance Div., General Motors Corp., 
891 Lyell Ave,, and • 9 Sh^wood Dr., Roches- 
ter 10. N. Y. 

LEWIS, Harry E. (A 1942; J 1939) Wool 
Prod. Supvr., General Prod, Engr., • Owens- 
Corning Fiberglas Corp., Nicholas Bldg., and 
1606 Potomac Drive, Toledo, Ohio, 

LEWIS, Herald F. (M 1940; A 1937) Capt., 
CAC* • Ho. Co. E.D.C., Governors Island, 
N. Y., and Vice-Pres., Dwight Oil Heat, 147 
Dongan Ave., Albany, N. Y. 

LEWIS, John G. <Af 1926) Pres., • John G. 
Lewis Plbg. & Htg. Co., Inc., 412 East 31st 
SL, and 8648 Charlotte St., Kansas City, Mo. 
LEWIS, L. L** (M 1918) Vice-Pres., • Carrier 
Corp., S. Geddes St., Syracuse 1, and 207 
Sedgwick Dr., Syracuse, N. Y. 
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LEWIS, Samuel R.-» (Life Member; M 1905) 
(Presidential Member) (Pres., 1914 j 2iid 
Vice-Pres., 1910 , Board of Governors, 1909- 
12 , Council, 1914-16) Cons. Mech. Engr„ 
♦ 407 S. Dearborn St., Chicago 6, and 4737 
Kimbark Ave., Chicago, III. 

LEWIS, Thornton (M 1919) (Presidential Mem- 
ber ) { Pres., 1929 ; 1st Vice-Pres., 1928 ; 2nd 
Vice-Pres., 1927; Council, 1928-80) Chief 
Indus, Relations Br., Readjustment Div., 
Headquarters Army Service Forces, 687 Pen- 
tagon Bldg., Rm. 3C, and *2123 California 
St., Washington, D. C. 

LEWIS, V. I. (Mrs.) (A 1943) Secy. Treas., 
and Gen. Mgr,, • Dwight Oil Heat, 147 Don- 
gan Ave , Albany, and Nassau, N. Y. 

LEWIS, W. Warner (A 1939) Mgr. Refrig, 
and Air Cond., • Major Appliance Dept., 
Beeson Hardware Co., P. O. Box 1390, and 
604 Woodrow Ave., High Point, N. C. 

LEY, Ralph B. (A 1940) Chief, Assignment 
Sect., Corps of Eng. War Dept., 23rd & C 
Sts., N.W., Washington, D. C., and • 916 
Park Ave., Palls Church, Va. 

LIBBY, Ralph S. (A 1939 ; J 1933) Sales Engr., 
Sheldons, Ltd., 96 Grand Ave., S., and • 34 
Elliott St., Galt, Ont., Canada. 


LICANDRO, James P. (A 1943; J 1938) 
Branch Engr., • Carrier Corp., 1200 Statler 
Bldg., Boston 16, and 40 Elm St., Stoneham 
SO, Mass. 

LICHTY, C. P. (Life Member; M 1920) Mgr., 
♦ C. P. Lichty Engineering Co., 1120 W. 
Main St , Durham, N. C., and 102 Ridge 
Road, Birmingham, Ala. 

LIEBLICH, Murray (J 1943 ; S 1940) Lt. ( jg) 
U-S.N R., Naval Air Station, Norman, 01^. 

LIPTON, David (J 1942; S 1939) Lt., Green- 
wood Army Air Field, Greenwood, Miss. 

LIGE, Walter W. (M 1941 ; A 1940) Produc. 
Mgr., * Bell & Gossett Co., 8200 N. Austin 
Ave., Morton Grove,, and 904 Forest Ave., 
Deerfield, 111. 

LIGHT, John C. (A 1938) Capt, Ord. Dept., 
Executive Officer, • Frankford Ordnance De- 
pot, Frankford Arsenal, Philadelphia 87, and 
17 Belmar Rd., Hatboro, Pa. 

LIGHTHART, Charles H. (M 1935) Mfrs. Sales 
Engr , • P. 0. Box 112, Niagara Sq. Station, 
Buffalo, and Eden, N. Y, 

LILJA, Oscar L. (M 1943; A 1987; J 1986) 
Sr. Mech. Engr., Plant Engrg. Sect, North- 
west Airlines, Inc., 1886 University Ave., 
St. Paul, and • 6000~16th Ave., S., Minne- 
apolis, Minn, 

LIMBACHER, Howard R. (M 1948) Research 
Engr., • IngersoU Steel & Disc Division, 
Borg-Warner Corp., 763 E. Vine St., and 625 
Edgemoor Ave., Kalamazoo, Mich. 

LINCOLN, Roland L. (M 1985) Mgr., Dnst 
Lab,, B. F. Sturtevant Co., B^de Park 86, 
Boston, and • Box 97, Dover, Mass. 

I^INDSAY, GriflSth W., Jr, (M 1937) Pvt., Co. 

‘ S,” 1st Regiment Aberdeen Proving 
Ground, Md., and ♦ 301 N. Garland Ave.. 
Dayton, Ohio. 


LINDSLEY, Forrest A, (A 1943) Salesman 
and Serv. Engr., Crane Co., 150 Randolph. 
Detroit 26, and • 15543 LaSalle, Detroit 21, 
Mich. ' 


LINDSTROM, Donald P. (t71941) Assoc. Engr., 
Alvin L, Lindstrom, Cons. Medh. Engr., lO-lS 
Atlanta 3, and 

• 623 Yorkshire Rd., N.E., Atlanta, Ga. 
LINGEN, Ralph A. (A 1939; J 1988) Dist 
Ainencan Foundry & Furnace Co.. 
709 North 11th St., Milwaukee, and 6028 W. 
Wisconsin Ave,, Wauwatosa. Wis. 

A??"’;? Servio*' Link 

Co., 414 N. Blackstone, and • 607^ W 
Irankhn St, Jackson, Mich. ^ 


LINSKIE, George A. (J 1939) Sect. Head, 
Plbg. & Htg, Sect, War Dept., U. S- Engi- 
neers, Denison Dist, and • P. O. Box 493, 
Denison, Texas. 

LINTON, John P. (M 1927) Pres,, • Engineer- 
ing Installations, Ltd., 1151 Beaver Hall 
Square, Montreal, Que., Canada. 
LIPSCOMBE, Harold W. J. (M 1938) Mgr, 
Air Cond. Dept., Davidson & Co., Ltd., Cen- 
tral House, Kingsway, London, and • ‘‘Glen- 
more,” Woodland Way, West Wickham 
Kent, England. 

LITTLE, Kenneth B. (,1 1935) Owner, • Ken- 
neth B. Little Co., 832 Temple Bar Bldg., 
Cincinnati 2, Ohio. 

LITTLE, Raymond (A 1943) Utilization Engr 
Equitable Gas Co.. 436 Sixth Ave.. and • 81 
Roycroft Ave., Pittsburgh 16, Pa. 
LITTLEPORD, Wallace H. (M 1936) Vice- 
Pres., • E. J. Pebrey & Co„ Inc., 616 New 
York Ave., N.W., Washington, D, C., and 
4208 Edmonston Ave., Hyattsville, Md. 
LIVELY. George P. (M 1942 1 Sr. Engr 
(N.A.), Bureau of Ships, Navy Dept, Wash- 
ington, D. C., and • 4006 Fifth St., N., Ar- 
lington, Va. 

LIVERMORE, James N.-* (M 1039) Mech 
Engr., • The Detroit Edison Co., 2000 Second 
Ave., Detroit 26, and 5 Hanover Rd,, Pleas- 
ant Ridge, Mich. 

LLOYD, Edmund H. ( I 1943; ./ 1936) Cant 
A.V.S. (C.E.) Office, Chief i.f Engrs.; Re: 
pairs and Utilities Br., New War Bldg., 2l8t 
& Virginia Ave., and • 2614 39th St., N.W.. 
Washington, D. C. 

LLOYD. IMward C. (M 1927) Armstrong Cork 
Co., and • R. D, 6. Old Philailelphia Pike, 
Lancaster, Pa. 

LOBSTETN, Melville C. (M 3911) Chief Engr.. 
Museum of Science & Industry, 57th St. & 
Outer Dr., Chicago 37. and* 1401 S. High- 
land Ave., Berwyn, 111. 

LOCHMAN, Edward W. (M 1942) Owner and 
Jfer., • Edward W. Lochman Co.. 1421 
Cherry St, and 634 East 73r(i Terrace, Kan- 
sas City, Mo. 

LOCK, Rowland H. (M 1939) Gen. Mgr., J. H, 
Lock & Sons, Ltd., 221 Sterling Rd., and * 24 
Kennedy Park Rd., Toronto, Ont, Canada. 
LOCKE, James S. (M 1939) Sales Engr., Min- 
neapolis-Hone 3 nvell Regulator Co., 433 K 
Erie St, Chicago, and • 1828 Fairview Ave' 
S., Park Ridge, 111. 

1^35) Lt Comdr,, U.S. 
N.R., 1530 Washington 6, 
a C., and • 500 N. Union St, Middletown, 

Harold A. (.1 1036; J 1936) 
Chief Engr., Bell Sc OoHsett Co„ 8200 N. 

Norton Grove, and • Box 
it, R, ;fit2, Des Plaines, 111, 

LOEPFLER, Prank X. (M 1914) Pres., • Loef. 
fler-Greene Supply Co., 1604 N.W. Fifth 
St, Box 5^, and 1«U Northwest 39th St., 
Oklahoma City, Okla. 

LOESER, Chester M, (.1 1943) Serretary of 
•Elizabeth Cornice Works, Inc., in S. 
Union St, and 924 Park Ave., Elizabeth, N. J. 
LONDON, Maurice (A 1941) Pres., * S. & L 
Mermaid Ave., ami 
2926 Mermaid Ave,, Brooklyn 24, N. Y. 

^ j ^ Mowat Ave., Toronto, 

ada * Ont„ Can- 

^^-^Ametiean Ateways, A. P. O. 

*’**■> 2ni2 S. 

Fifth St,, Springfield, 111. 



ROLL OF MEMBERSHIP 


LONG, Wayne E. (M 1936) Capt., Signal 
Corps, U. S. Army, 800th Sig, Ser. Reg,, 
Camp Crowder, Mo., and • Texas Agricul- 
tural & Mechanical College, College Station, 
Tcxab-, 

LONGCOV, Grant B, (M 1933) Engr., Joseph 
Breslove, Cons. Engr., 1149 Leader Bldg., 
Cleveland 14, and • 1215 Ramona Ave., Lake- 
wood 7, Ohio. 

LOO, Ping Yok (A/ 1938) Gen. Mgr., • China 
Engineering Co.. 30 Brcnan Rd., Shanghai, 
and 271-73 Dunbarton Rd., Tientsin, China. 

LORIMER, Carl F. (M 1943) Mcch. Engr., 

• Kewanec Boiler Corp., 101 N. High St., 
Columbus, and 710 Blacklxck St., Groveport, 
Ohio. 

LOirCKS, D, W. { 1 1930) Supvr., Indus. Elec, 
and Steam Salt*H, • Duquesnc Light Co., 433 
Si-^th A\o., and 1049 Osage Dr., Pittsburgh 
21. Pa. 

LOITGHRAN, Patrick IL, Jr. (J 1937) Ensign 
D-V (SI, U.S.N.R., • East Boothbay. Maine. 

LOVE. Clarence IL (M 1919) Mfrs. Agent, 

• Nash Engineering Co., 421 Chamber of 
('ommerco. Buffalo 2, and 16 Lexington Ave., 
Apt, lA, Butfalo, N. Y. 

LOWE, Robert A. (A 1944; J 1938) Engr., 
United States Government, and • 1206 Long- 
wood Ave., Los Angeles 6, Calif. 

LOWNSBERY, B. F. (M 1920) Purchas, Engr., 
Benjamin K. Shaw Co., 601 E. Second St, 
and • 21 S. Sycamore Si., Wilmington, Del. 

LUCK, Alexander W, (Lr/n Member; M 1919) 
ntg. Engr., 632 Woodward St., an<l • Wyomis- 
hing Club, Fifth & Walnut St., Rending, Pa. 

LUCRE. Charles E. ^(M 1924) Prof. Emeritus 
of Mech. Engrg., « Columbia University, Pu- 
pin Bldg., xmd 186 Riverside Dr., New York, 
N. y. 

LUDI.OW. Harold M. (Af 1940) Sales and 
BJngrg.. • H. M. Ludlow. 32H W. Capitol St, 
and 060 i*ecan Blvd., Jack.Mm, Miss. 

LUDWIG, Willis D, (M 1942) Br. Constr. 
Supt, * York Oorp., P. O. Box 2210, Atlanta, 
uikI 143 Kings Highway, Decatur, Ga. 

LUND, aarence B.* (M 1036 ; J 1936 : 5 1933) 
As^t. Dir. and Assoc. Prof., University of 
Minnesida Engineering Experiment Station, 
and* 4817 -12111 Ave,, S., Minneapolis, Minn. 

LUNT, Wilbur P. (J 1943) Prop., Lunt Heat- 
ing Co., an<l * 32 Cliff Ave., Cape Elizabeth 
7, Me. 

LlfTTRELL, Lee W. {M 1943) Chief Engrg. 
Draftsman. U. S. Coast Guard Headouarters, 
Civil Engrg. Div., 1300 E St, N.W., Wash- 
ington. D. 0., ax>d • 3012 Sixth St., S., Ar- 
lington, Va, 

HfTY, Donald J. (A/ 1933) Chief Research 
Kngr. and Gen. Mgr.. Htg. Div., • Gar Wood 
Induhtrios. Inc,, 7924 Riopelle St, Detroit ll, 
and 3<» (’olorado Ave., Detroit 8, Mich. 

LYFORD, Robert G. (A 1944 ; J 1939) Ensign, 
U. S. Navy, addrcbs unknown. 

LYMAK, Samuel B. (.4 1924) Itucnsod-Stacey 
Air ComlitUming, Ine., 60 Slast 42nd St, 
New York, N. V., and * 866 Hueaton St , 
Union, N. J. 

LVN<?Hr James R. (>l 1940) Owner. • Lynch 
Furnace Co„ 1H04 N, E. Union Ave., Port- 
land, Ore. 

lA'NCIL 'WUliam L. {M 1928) Pres., • Rome- 
Turney Ra<Hator Co., and 1205 N. George 
St, Rome, N. Y. 

LYNN, Frederick E. (M 1938) Refrig. Engr., 
Elect ric Products Corp,, 6624 Penn Ave., 
Pitt‘<burgb, and • 3X2 Moyhend St, Spring- 
dale, Pn, 

LYON, Douglas M. (A 1941) Pfc. B47263, 
U.S.M.C.R., • Drill Inatructor. 6th Bn., Marine 
Barrneks, l^tvrris Island, S. C., and 4 Semi- 
nary St., Cazenovia, N, Y. 


LYON, P. S. (Af 1929) Pres, and Gen. Mgr., 
• Cochrane Corp., 17th St & Allegheny Ave., 
Philadelphia 82, and 3416 Warden Dr., Phila- 
delphia 29, Pa. 

LYONS, Cornelius J. (A 1932) Sales Engr., 
Nash Engrg. Co., and • 6 Olmatead PI., S. 
Norwalk, Conn. 


M 

MABLEY, Louis C. (M 1937) Lieut, U.S.N.R., 
Commanding OflScer of the U.S.S. Sc. 763, 
and • 57 Meadow Lane, Grosse Pointe Farms, 
Mich. 

MABLEY, T. Hollister (M 1939) Chief Engr,, 

• Mechanical Heat & Cold, Inc., 7704 Wood- 
ward Ave., Detroit 2, and 2323 Yorkshire 
Rd., Birmingham, Mich. 

MABON, James E. (J 1942; S 1939) Engr.- 
Draftsman, Glenn L, Martin Co., and • 103 
East 33rd St, Baltimore 18, Md. 
MACGUBBIN, Howard A* (Af 1934) Buyer, 
Htg. Equip., Montgomery Ward & Co., and 

• 6639 N. RockiveU, W., Chicago, 111. 
MacDERMOT, Sidney G. (M 1948) Mgr. Con- 
struction Dept , Canadian Johns-Manville 
Co., Ltd,, Montreal, and • 18 Dufferin St., 
Ste. Rose, Laval County, P. Q , Canada. 

MACDONALD, Donald B. (M 1980) Engr , 
Sordoni Construction Co., 46 Owens St., 
Forty Fort, and *101 E. Walnut St, Kings- 
ton, Pa. 

MACDONALD, Douglas J. (M 1936) Vice- 
Pres., Htg. Div., • Standard Sanitary & Do- 
minion Radiator Co., Ltd., Royce & Lans- 
downe., and 96 Hudson Dr., Toronto, Ont, 
Canada. 

MacEACHIN, Graham C. (M 1938) Major, 
862nd Engineer Aviation Battalion, A.P.O. 
875, c/o Postmaster, New York, N. Y., and 

• 5112 Byers Ave., Fort Worth 7, Texas. 
MACFARLAN, Norris S.JM 1942) Htg. Engr., 

The Philadelphia Gas Works Co., 1401 Arch 
St., Philadelphia, and • 320 W. Wharton 
Road, Glenside, Pa- 

MacGREGOR, Cecil M. (A 1939) Major, Ord- 
nance Dept., U.S.A., Hq. Army Service 
Forces, Pentagon, Washington, D. C., and 

• 3349 B S. Wakefield St, Arlington, Va. 
MACHXN, Donald W. (A 1943 ; J 1935) Corn- 

bus. Engr., ♦ The Pittsburgh & Midway Coal 
Mining Go., 610 Dwight Bldg., and 6129 Oak 
St, Kansas City, Mo. 

MACK, Emil H. (A 1938) Asst Sales Mgr., 
The Vilter Manufacturing Co., 2217 S. First 
St, and • 2225 N. Booth St., Milwaukee, Wis. 
MACK, Ludwig (M 1936) Dist. Mgr,, Cooling 
& Air Cond. Div., B. F. Sturtevant Co., 
Cresmont & Haddon Aves., Camden, N. J., 
and * 412 W. Hortter St, Philadelphia 19, 
Pa. 

MACKEY, C. O. (M 1943) Prof, of Heat- 
Power Engrg,, • Cornell University, and 617 
Highland Rd., Ithaca, N. Y. 

MacLACHLAN, Victor D. (A 1939; J 1988) 
Flight Lt, Royal Air Force Volunteer Re- 
serves, • Honeywell-Brown, Ltd., Wadsworth 
Rd., Perivale, Greenford, Middlesex, and 
R.A.F. Station, Digby, Lincoln, England. 
MacLBAN, H. A, (M 1989) • P. O. Box 400, 
and 89 Tremoy Rd., Noranda, Que., Canada. 
MacMILLAN, Alexander R. (M 1936) Lt Col , 
Hq. Army Air Forces, Office of The Air In- 
spector, Washington 26, U. C. 

MACRAE, Robert B. (A 1939 ; J 1935) Engr., 

• E. J. Nell Co., P. O, Box 1640, Manila, 
and #6 Palm Court, Pasay, Eizal, P. I. 

MACROW, Lawrence (A 1941; J 1936) Dist. 
Chief Engr., • Carrier Corp., 12 South 12th 
St., Philadelphia, and 226 Buttonwood Way. 
Glenside, Pa. 
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MacWATT, Donald A. (M 1938) Sales Engr., 
Powers Begulator Co., 231 Bast 46th St., 
New York, and • 93 Woodedge Rd., Plan- 
dome, N. Y, 

MADDEN, Alfred B. (M 1942) Mgr., Htg. 
Dept., • Crane, Ltd., 1170 Beaver Hall Sa.» 
and 6367 Eamscliffe Ave., Montreal, Que., 
Canada. ^ ^ ^ 

MADDUX, O. Lloyd (M 1935 ; A 1983) Owner, 
O. Lloyd Maddux, 53 Park PI., New York, 
N. Y., and • 17 Tallmadge Ave., Chatham. 
N. J. 

MADELY, Frederick J. (A 1936) Chief Esti- 
mator, Eastern Steel Products, Ltd., 1336 
Delorimier Ave., and • 6370 Louis-Heraon St., 
Montreal, Que., Canada. 

MADISON, Richard D. (M 1926) Research 
Engr., • Buffalo Forge Co., 490 Broadway, 
Buffalo 5, and 218 Brentwood Rd., Snyder, 
(Buffalo 21). N. Y. ^ 

MAEHLING, Leon S. (M 1982) Supt. Appli- 
ance Service, Equitable Gas Co„ 6804 Penn 
Ave., Pittsburgh 6, and * 778 Country Club 
Dr., Pittsburgh 16, Pa. 

MaGlRL, WiUis J. (M 1934; A 1931; J 1927) 
Partner, • P. H. MaGirl Foundry & Furnace 
Workn, 418 E. Oakland Ave., and 1119 E, 
Monroe St., Bloomington, 111. _ . ^ 

MAGNUSSON, Nicholas (A 1938) Estimator- 
Designer-Sales, Montgomery Ward & Co., 
160-15 Jamaica Ave., and • 188-05 Linden 
Blvd., Jamaica, L. I., N. Y. 

MAHON, B. B. (Miss) (M 1936) Principal of 
the S^ool of Air Conditioning, • Interna- 
tional Correspondence Schools, Wyoming 
Ave. & Ash St, Scranton 9, and 433 Fig 
St., Scranton 6, Pa. 

MAHONEY, David J. (M 1930 ; A 1926) Branch 
Mgr., • Johnson Service Co., 503 Franklin 
St, and 140 Lin wood Ave., Buffalo, N. Y. 

MAIER, George M. (M 1921) Mfg. Dept, 

• American Radiator & Standard Sanitary 
Corp., Bessemer Bldg., Pittsburgh 22, and 
136 Longue Vue Drive, Mt Lebanon, Pa. 

MAKIN, Henry T., Jr. (M 1939) Engr. and 
Arch. Repr., American Radiator & Standard 
Sanitary 2212 Walnut St, Philadel- 

phia, Pa., and • 21 Valley View Terrace, 
Moorcstown, N. J. 

MALADY, Edward C. (M 1944) Engineering 
and Estimating, 2514 Bethel Ave., and • 8515 
N. Pennsylvania, Indianapolis, Ind, 

MALIN, Beniamin S. (M 1940 ; J 1939) Capt, 
U. S, Army, Springfield Armory, Ordnance 
Dept, U.S.A., and • 107 High St, Springfield 
5, Mass. 

MALLIS, WiUiam (M 1914) Arch., • 330 Lyon 
Bldg., and 1215 Seneca, Seattle, Wash. 

HALLY, Chester P. (M 1940; A 1988) Gen- 
eral Mgr.-Chief Engr., Air Heating Co., 
20420 Woodward Ave., Detroit, and • 292 W. 
Woodland Ave., Ferndale, Mich. 

MALONE, Dayle G. (M 1929; A 19'2^ Vice- 
Pres, and Br. Mgr., • Petroleum Heat & 
Power Co., 8301 S. California Ave., and 7387 
S. Merrill Ave., Chicago, 111. 

MALONE, James S. (A 1936) Dist. Repr., 

• Hoffman Specialty Co., 7124 Waterman 
Ave., St. Louis, Mo. 

MALVIN, Ray C. (M 1929) Pres., • Malvin & 
May, Inc., 310 S. Michigan, Rm. 803, Chi- 
cago 4, and 8220 Dante Ave., Chicago, HI. 

MANDELL, Thomas P, (A 1937) Sales, Carrier 
Corp., 1200 Statler Office Bldg,, and • 192 
Commonwealth Ave., Boston, Mass. 

MANE, Merrill (A 1939) Owner, • Merrill 
Mank Co., 14 Bonnefoy PI., and 16 North 
Ave., New Rochelle, N. Y. 

MANN, Walter N, (iff 1939) Gen. Mgr., Brock- 
house Heater Co,, Ltd., Victoria Worfe, West 
Bromwich, and • “Moneymore** CanweU, Sut- 
ton Coldfield, Warwickshire, England. 


MANNEN, D. Edward, Jr. (J 1939) Vice-Pres., 
The Mannen & Rotl) Co., 9108 Woodland 
Ave., Cleveland, and • 4157 Silsby Rd,, Uni- 
versity Heights, Ohio. 

MANNING. C. E. (A 1942; J 1937) Engr., 
Packard Electric Div., General Motors Corp., 
and • 339 Homewood Ave., S.E., Warren, 
Ohio. 

MANNY, J. Harvey (A 1936) Pres,, • Robin- 
son Furnace Co., 4600 W, Monroe St., and 
242 N. Parkside Ave,, Chicago, 111. 

MARC, Henri M. (iff 1943) Asst. Dir. of Re- 
search, * The Philip Carey Mfg. Co., Lock- 
land, Cincinnati 16, and 7342 Parkdale Ave,, 
Roselawn, Cincinnati 16, Ohio. 

MAKCONETT, Vernon G. (A 1936) Supt., The 
Farquhar Furnace Co., 150 Owen Ave., and 

• 216 Fulton St., Wilmington, Ohio. 

MARIN, AxeP (iff 1936) Assoc. Prof. Mech. 

Engrg., • University of Michigan, 241 W. 
Engineering Bldg., and 2476 Whitmore Lake 
Rd., Ann Arbor, Mich. 

MARINO, Frank A. (A 1941) Tech, Sgt., U. S. 
Army, and • 3348-28th St., Long Island City, 

N. Y. 

MARKERT, John W. (A 1940) Naval Archt. 
Htg. & Vlg., U. S. Maritime Commtesion, 
Rm. 4526, Dept, of Commerce Bldg., *Wash- 
ington, D. C., and • 8606 Garfield St., Be- 
ihesda, Md. 

MARKLAND, Charles E. (M 1989) Supervising 
Engr., • University of Illinois, 110 Fhy, Pit. 
Service Bldg., Urbana, and 807 W. Clark St„ 
Champaign, III. 

MARKS, Alexander A. (A 10^0) Dir. of Re- 
search, Richmond Radiator Co., and *8X8 
Fayette Title & Trust Bldg., Unioniown, Pa, 
MARKSON, Wesley H. (J 1942) Jr, Engr., 
MeQuay, Inc., 1600 Broadway, N.E., and 

• 8140 Clinton Ave., S., Minneapolis, Minn. 
MAEKUSH, Emery U. (iff 1981) Secy., • East- 
ern Mechanical Corp., 226 East 21st St., New 
York 10, and 84-80-85th Ave., Woodhaven, 
L. I., N. Y. 

MARK, J. M. (A 1944) Chief Engr., Aladdin 
Heating Corp., 2222 San Pablo Ave., and 

• 95 Moss Ave., Oakland, Calif. 

MARRINKR, John M. S. (iff 1934) Comdr., 

R.C.N.R., and Vice-Pres., • Taylor Engineer- 
ing & Construction Co„ Ltd., 80 Richmond 
St., W., Toronto 1, Ont., Canada. 

MARSALIS, Marlin B. (A 1943) Owner, 
American Metal Products Co., and • Box 66, 
Sylvania Station, Ft. Worth, Texas. 
MARSCHALL, Peter J. (iff 1980; J 1927) 
Engr., Abbott Laboratories, North Chicago, 
and • 2009 Greenwood Ave,, Wilmette, 111. 
MARSHALL, Albert W, (iff 1937) Inspector 
and Engr., Hartford Steam Boiler Inspection 
& Insurance Co., 1806 Arrott Bldg., Pitts- 
burgh 22, and ♦ 1120 Highview Rd., Dravoa- 
burg, Alleg., Pa. 

MARSHALL, James (iff 1948; J 1939) Asst. 
Chief Engr., • The Bahnson Co., 1001 S. 
Marshall St., and 933 S. Hawthorne Rd., 
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Ine. ; Kenney & Lanr.Iais, Eloe. Contrs., P. O. 
Pox 17HS, Uiehmond, and • 260 Lonox Ave.. 
Ookl«n<l, CaiiT. 

MARTIN, Albert IL ("A/ 1917) Chicaf?o Branch 
• K(*wanee Boiler Corp., 640 W. Wash- 
iin.'ituu CUieai'.o, and 907 Vine St., 

Wirtnefka, HI. 

MARTIN, G. I). <M 3041) Br. Mgr., Grinnell 
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M,^HISON, Russell St. Clair (A 1938) Asst. 

(Canada) Ltd., 593 
Adelaide St., W., and • 44 Strathgowan Ave., 
Canada. 
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N.R., and ♦ P. O. Box #366, Scotland Neck, 
N. C. 

McELGIN, John W,* (A 1987; J' 1931) Engr., 
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McGUINESS, C. H, (A 1943) Sales Engr., 
Carbon Coal Co., 408 Sixth Ave,, and • 218 
Franklin, Des Moines, Iowa. 

McILVAINE, John H. (Af 1929) Pres., • Mcll- 
vaine Products, Inc., 1516 Callowhill St„ 
Philadelphia 30, and 601 Pembroke Rd,, Bryn 
Mawr, Pa. 

MeINDOE, James F. (M 1939; A 1931) Re- 
gional Priorities Mgr,, War Production 
Board, 1356 Market St., San Francisco, and 

• 1340 Bernal Ave., Burlingame, Calif. 
MeINTIRE, James F.^ (M 1915; A 1914) 

{Presidential Member) (Pres., 1989; IstVice- 
Pres., 1938; 2nd Vicc-Pres., 1937; Council, 
1926-28; 1932-40) 1st Vice-Pres., • U. S. 
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Flower St., and • 3806 Boyce Ave., Los An- 
geles, Calif, 
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man Ave., St. Louis 12, Mo. 
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MEAGHER, Arthur T. (M 1938) Dir. and 
Sales Mgr., Plbg. & Htg. Dept., Wm. Stairs, 
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MEHNE, Cari A. (M 1929) Htg. and Vtg. Ex- 
pert, • 86 E. Livingston St., Valhalla, N. Y. 
MEILLER, Daniel Y. (A 1941) Supvr., Gas 
Utilization and Testing, * Public Service 
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Whipple St., Chicago 26, lU. 

MERGARDT, Albeit P. (A 1940) Prop., 

• American Heating Co„ 65 K St, S^E., 

Washington, B, C., and 8905 N, Fifth St, 
Arlington, Va. ^ » 

MERRILL, Carle J. (Ai 1919) Treas., • C. J, 
Merrill, Inc., 54 St John St, and 31 Craigie 
St., Portland, Me. ^ 

MERRILL, Frank A. (M 1934) Cons. Engr., 

• Office of Hollis French, 210 South St., 
Boston, and 19 Auburndale Rd., Marblehead, 
r^8>SS 

MERZ,* Robert A. (S 1940) Student, Michigan 
State College, and • 810 W. Grand River 
Ave., Bast Lansing, Mich. 

MERTZ, Walter A. (M 1919) Secy., • The 
Eehm Corp., 61 E. Grand Ave., and 8753 N. 
Keeler Ave., Chicago, 111. 

MERWIN, GUe E. (M 1924; J 1923) Mgr.. 

• The Trane Co., 6012 Parker St., Omaha 4, 
Nebr. 

METZGER, A. F. (M 1940) Supvr. of Steam 
Utilization Div., • Allegheny County Steam 
Heating Co., 435 Sixth Ave., and 8421 Horne 
St, Pittsburgh, Pa. 

METZGER, H. J. (A 1937) Pres., • Wheeler- 
Blaney Co., 137 E. Water St., and 706 Locust 
St, Kalamazoo, Mich. 

METER, Frank L.* (M 1982; J 1928) Pres., 

• The Meyer Furnace Co., Peoria 2, and 9 
Cole Court, Peoria 6, 111. 

METER, Henry C., Jr.* (Life Member; M 
1898) (Council, 1916-16) Pres., • Meyer, 
Strong & Jones, Inc,, 101 Park Ave., Nev/ 
York, N. Y., and 25 Highland Ave., Mont- 
clair, N. J. 

MEYER, Karl A. (M 1938) Design Engr., 

• 1225 1 S. W^tem Ave., Blue , Island, HI. 
METERS, Carl F. (A 1942) Engr., Coblentz 

Equipment Co., 1119 Peach St, and * 142 
East 35th St, Erie, Pa. 

MICHIE, D, Fraser (M 1938; A 1930) Htg. 
Engr., • Crane, Ltd., 93 Lombard St, and 
176 Green Ave., Winnipeg, Man., Canada. 
MILENER, Eugene D, {M 1936) Secy., • Ameri- 
can Gas Association, 420 Lexington Ave., 
New York 17, N. Y. 

MILES, Janies C. (M 1914) Consultant, • The 
(jeometric Stamping Co., 1111 East 200th 
St, Cleveland 17, and 1972 Ford Drive, Cleve- 
land 6, Ohio. 

MILLARD, Junius W. (M 1929) Lt, U. S. 
Navy — ^Atlantic Fleet, and • 1026 Laird St, 
Key West 3Pla. 

MILLER, Archibald T. (M 1938) Sales Engr., 
Eclipse-Pioneer Division, Bendix Aviation 
Corp., Teterboro, and • 126 Godwin Ave., 
Ridgewood, N. J. 

MILLER, Bruce (M 1935; A 1980) Mech. 
Engr., • R. K. Werner, Consulting Engr., 816 
W. T. Waggoner Bldg., Ft Worth, Texas. 
MILLER, Charles A. (A 1917) Salesman, • The 
H. B. Smith Co., Inc., 331 Madison Ave., 
New York, and 2964 Decatur Ave., Bronx, 
New York, N. Y. 

MILLER, Charles W. (M 1919; J 1908) Pres., 

• The Rado Co., Rm. 204, 769 N. Milwaukee 
St, Milwaukee 2, and R. 1, Box 42, Menomo- 
nee Falls, Wis, 

MIl^ER, Edgar R. (A 1986) Chief Engr., 

• Winnipeg Cold Storage Co., Ltd., Salter A; 
Jarvis Ave., and P. O. Box 1384, Winnipeg, 
Man., Canada. 

MILLER, Floyd A. (M 1911) Retired, • 944 
Montrose Ave., Chicago, 111, 


MILLER, Frederick T. J. (A 1943) Hurst Oil 
Co., 924 West 21sl St., Norfolk, and • 6713 
Herbert St, Norview2, Norfolk, Va, 

MILLER, George F, (M 1936) Sales Engr., 

• George F. Miller. 1614 K St, N.W., Wash- 
ington, D. C., and 5608 Grove St, Chevy 
Chase, Md. 

MILLER, Jacob (M 1936) Pres., • Hy-Grade 
Construction Co., Inc., 342 West 14th St, 
New York, and 20 East 68th St., Brooklyn, 
N. Y. 

MILLER, John W. (M 1941) Research Engr,, 
Motor Wheel Corp., and • R. 6, Box 498, 
Lansing, Mich. 

MILLER, Leo B. (M 1926) Sales Exec., • Per- 
fex Corp., 600 W. Oklahoma Ave., and 3481 
N. Hackett Ave., Milwaukee, Wis. 

MILLER, Lorin G.*" (M 1933) (Council, 1942- 
43) Prof, and Head, Mech. Engrg. Dept, 

• Michigan State College, R. E. Olds Hall of 
Engrg., and 232 University Dr., East Lan- 
sing, Mich. 

MILLER, Mahlon S. (A 1942) Asst Gas Engr., 

• Iowa Public Service Co., and 917 W. Main 
St., Cherokee, Iowa. 

MILLER, Robert A.* (M 1931) Tech, Sales 
Engr., • Pittsburgh Plate Glass Co., 2200 
Grant Bldg., Pittsburgh 19, and 1211 Car- 
lisle St., Tarentum, Pa. 

MILLER. Robert T. (A 1927) Chief Engr., 
Sales Dept, • Masonite Corp,, 111 W, Wash- 
ington St, Chicago, and Evans Rd-, PloB4^- 
moor, 111. 

MILLER, William T. (M 1988) Prof. Htg.. 
Vtg., • Purdue University, and 625 Hayes 
St., West Lafayette, Ind. 

MILLHAM, Franklyn B. (M 1938) Sr. Indus. 
Specialist, War Production Board, 7-207 
Tempo B, and • 2606 N St, S.E„ Apt. 108, 
Washington 19, D. C. 

MILLIGAN, Donald G. (A 3941) Checker, 
Vent. Dept, G. G. Sharp, Naval Arch., 30 
Church St, and • 804 Lexington Ave., New 
York 16, N. Y. 

MILLIKEN. J. H.* (M 1923) Repr., • Ameri- 
can Air Filter Co., Inc., 228 N. LaSalle St, 
Chicago 1, and 1021 Ridge Court, Evanston, 

MIILIS, Linn W, (Life Member; M 191 H) 
Secy., Security Manufacturing Co., 1630 Oak- 
land Ave., and • 3634 Wabash Ave., Kansas 
City 3, Mo. 

MILLS, Doremus L. (A 1943) Research & De- 
velopment Engr., • Revere Copper & Brass, 
Inc., and 1407 N. Madison St, Rome, N. Y. 

MILLS, D. M. (A 1940) Mgr., Houston Div., 

• F. J. Evans Engineering Co., 3223 Milam 
St, Houston 6, and 2726 Robinhood, Houston 
5, Texas. 

MILLS, Hartzell C. (A 1936) Ind. Engr., Min- 
neapolis Gas Light Co., Eighth & Mar<iuetto, 
and • 4137 Tenth Ave., S., Minneapolis, Minn. 

MILNE, A. H. (M 1938) Dir. Dept, of Bldgs., 

• Protestant Board of School Commissioners, 
City of Montreal, 3460 McTavish St., and 
4786 Grosvenor Ave., Montreal, Quo., Canada. 

MILWARD, Robert K. (M 1943; A 1920) 
Branch Mgr., U. S. Radiator Corp., 127 
Campbell Ave,, and • 2441 Calvert Ave,, De- 
troit, Mich. 

MINER, H. Harvey (A 1940) Partner, • Miner 
Supply Co., 129 W^ Front St., Red Bank, and 
71 Sllverton Ave., Little Silver, N. J. 

MINBXER, WUIiam A. (M 1940) Sales Mgr., 

• Young Radiator Co., and 920 W. Lawn 
Ave., Racine, Wis, 

MINOR, James E. (S 1943) Ensign, U.S.N.R., 
and • 26 Courtney Ave., Ensworth, Pitts- 
burgh, Pa. 

MINSON, Frederick L. (J 1943) Marino Engr., 
•United States Maritime Commission, 348 
Baronne St., and 67 Allard Boulevard, New 
Orleans, La. 
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MIBABILE, J. James (A 1938) Engr., Yovk- 
Sfaiplcy, Inc.» 161 Roosevelt Ave., and • 1526 
Third Ave„ York, Pa. 

MITCHELL, Alva E. (M 1939) Lt. (ig) U.S. 
N.R., Burean of Ships, Washington, D. C., 
and ♦ 6501 Sligo Parkway, Hyattsville, Md. 

MITCHELL, A. J. (M 1938; J 1930) Lt. (jg) 
U.S.N.R., * 624 Niels Espenson Bldg., and 
193G Dryden Kd., Houston, Texas. 

MITTBN0ORPP, B. M. {M 1932) Engr., • Sarco 
Co., Inc., Sarcothern Controls, Inc., Mer- 
chandihC Mart, Rm. 975, Chicago 64, and 
772 Grove SL, Glencoe, HI. 

MOESEL, F. Albert (A 1939) AssL Mgr., 

• W, A. Ca^ie & Son Manufacturing Co., 81 
Main St., Buffalo 3, and 382 Argonne Dr„ 
Kcnmorc, N. Y- 

MOFPAT, Ormond G. (Af 1940 ; A 1937) Mgr., 
Air Cond. D'iv,, Canadian Westinghouse Co., 
Ltd., and ♦ 141 George St., Hamilton, Ont., 
Canada. 

MOHN, H. Leroy (M 1987) Chief Engr., The 
Milton Manufacturing Co., and • 705 Hep- 
bum St,, Milton, Pa. 

MOHRPELD. Herbert H. (A 1943; J 1985) 
Vic^Prt»fi. and Treas., • C. P. Mohrfeld, Inc., 
24 Ave., OoIBngswood, and 670 Station 
Ave., Haddonfitdd, N. J. 

MOLEB, Wm. H. (M 1027) Diet. • Gov- 
ernair Corp., 004 Groat National Life Bldg., 
Dallas, and R. P, D. #1. Box 60B, Irving, 
Tc-kuh. 

MOLPINO. Philip (M 1938) Mcch. Engr., Le- 
land & Haley, 58 Sutter St, and * 126 Clay- 
ton St, San Francisco, Calif. 

MOLLANBEB, Eric D. (A 1940) Dir., Register 
& Grille Mfg. Co., Inc., 70 Berry St, Brook- 
lyn, and • 1564 Cnionport Ed., New York 62, 
N. Y. 

MOLLENBEBG. Harold J. (Af 1936) Pres., 
• Mollonhcrg-BetJ! Machine Co., 22 Henry 
St. Buffalo, and 172 Westgate Rd., Kenmore, 
N. V. 


MOLONEY, Roger R. (M 1937) • 26 Bonner 
Av^*.i Manly, Sydney, Australia. 

MONICK, Fred R. (A 1036) Mgr^, ♦ Americ^ 
iU<Unfor & Stan<lard Sanitary Corp„ 606 E. 
Eighth St., and 1114 S. Sixth Ave., Sioux 
Fails, S. I>. ^ , 

MONTGOMERY. Edward G. 1038) Special 
Hepr.. Steel Co. of Canada. Ltd., 526 Do- 
minion St, Montreal, and • 20 Finchley Rd., 
Hamp>it<v\d, Quo., Canada. 

MONTGOMERY, John R. (A 1937) Mgr., 
StnndardH A HoKoarch, • Trusepn Steel Co., 
Albert St., and 296 Granada Ave., Youngs- 


town, Ohio. 

MOODY, Lawrence E, 

• Moody A Hutchison, 1600 Walnut St, 
Philadelphia 2, Fa., and 224 Bellevue Ave., 
Hadtlonfu'ld, N, J. 

MOON, L. Walter (At 1916 ) ( Council 1933^6) 
Secy.. Trr*w.. St. Louis Industrial Truck Co., 
7700 K. Railroad Aw., and * 1137A Hornsby 
Av 4*,. St. lA»uiH 15, Mo. 

MGORE, Bryant W. {A 1939) Mgr., 
ing A Allowance Dept, Commcrcml Iron 
Works, Box 2230, and • 7010 Southeast 30th 
Ave., Portland 2, Ore. 

MOORE* Prank 0. (A 
Vttptir Car Htg, Co, of Cana^i, 

Yonge Bt, Rm. 1X«4, and • 44 Lola Rd., 
Torontn, Ont, Canada, i., . 

MOORE. M. Carlten-* <M 1936) Enp., 

A Eddy, 1300 Statler Bldg.. JJfaton* 

# 146 Beaumont Ave., Newtonville. Mass. 
MOORE, H. Lee <M 1919) (Couhcil, 

Engr., • 431 Fulton Bldg., 

and 7066 2‘7aecu8 Rd., Ben Avon, Pitt»but»h 


2, Pa. 


MOORE, Henry W. (Ai 1936) Ist Lt, Chief, 
Cartridge Case Sect., Army Service Forces, 
Cincinnati Ordnance Dist, Big Four Bldg., 
and • 3164 Queen City Ave., Cincinnati 11, 
Ohio. 

MOORE, Herbert S. (A 1923) Dist. Repr., Iron 
Fireman Manufacturing Co. of Canada, Ltd., 
602 King St., W„ and ♦ 107 Clendenan Ave., 
Toronto, Ont., Canada. 

MOORE, MacDonnell (A 1940) Pres., Gen. 
Mgr., • The Moore Fuel Corp., 23 Rose St., 
and 16 Farview Ave., Danbury, Conn. 

MOORE, Robert E. (A 1943) Arch., • Moody 
and Moore, 216 Graham Ave., Winnipeg, 
Man., Canada. 

MOORE, R. E. (A 1928) Vice-Pres., • BeU A 
Gossett Co., 8200 Austin Ave., Morton Grove, 
and 426 Merrill Ave., Park Ridge, 111. 

MOORE, Wesley R. (M 1937) Regional Mgr., 

• Minneapolis-Honeywell Regulator Co., 6006 
Euclid Ave., Cleveland, and 14211 Ashwood 
Rd., Shaker Heights, Ohio. 

MORAWECK. Alvin H., Jr. (J 1941) 1st Lt, 
Cavalry, United States Amy, A.G.F.R.D. 
#1, Ft Meade, Md., and • 86 Woodland Rd., 
Maplewood, N. J. 

MOREHOUSE, H. P. (M 1933) Gen. Htg. and 
Air Cond. Repr., • Public Service Electric A 
Gas Co., 80 Park PI., Newark, and 30 Tim- 
ber Acres Rd., Summit, N. J. 

MOREHOUSE J. Stanley (Af 1938) Dean of 
Engrg., • Villanova College, Villanova, and 
102 Llandoff Rd., Upper Darby, Pa. 

MORGAN, Arthur S. (M 1938) Mgr., Fess Oil 
Burners of Canada, Ltd.. 85 King St, W., 
and • 156 Glenmanow Dr., Toronto, Ont, 
Canada. 

MORGAN, Edwin H., Jr. (J 1942) Htg. Engr., 
Chemical Construction Corp., 30 Rockefeller 
Plaza, New York, N. Y., and • 411 Chestnut 
St., Roselle Park, N. J. 

MORGAN, Glenn C. (M 1911) Partner, • Mor- 
gan-Gerrish Co., 307 Essex Bldg., and 4308 
Fremont Ave., S„ Minneapolis, Minn. 

MORGAN, Robert C- (LiU Member; U 1915) 
Chairman of the Board, * Stewart A. Jcllett 
Co., 1200 Locust St, and 314 W, Seymour 
St., Philadelphia 44, Pa. 

MORGAN, Robert W. (M 1938) Asst. Chief 
Engr., Bridgeport Thermostat Co., 1226 Conn, 
Ave., Bridgeport, and • Wilton Rd. A McCobb 
Lane, Westport, Conn. 

MORIARTY, John M. (M 1937) Owner, • Con- 
solidated Heating A Ventilating Co., 1709 W. 
Eighth St., Los Angeles 14, and 1616 Bald- 
win Ave., Arcadia, Calif. 

MORIN, A. B* (A 1938) Mgr., Refrigeration 
Dept., Macklanbuxg Supply Co., Inc., Ill 
Northwest 2Srd, and • 2115 Sherman, Okla- 


homa City, Okla. _ 

MORRIS, C. Raymond {M 1921) Pres., • Power 
A Heating Equipment Sales, Inc., 56 N. 
Spring Garden Ave., Nutley, N. J. 

MORRIS, Edward J. (M 1942) Mgr., • Moi^s 
Eiigrg. Co.» 818 N. Calvert St, and 3414 
Gwynns Falls Pkwy., Baltimore, Md. 
MORRISON, Chester B. (M 1931) IVtonaging 
Dirccftor, • York Shipl(^7, Ltd., North Circu- 
lar Rd., Hendon, London, N.W. 2. England, 
and Fl/it 168, 66 Park Lane, London, S.W* 1, 

MORRISON, Frank (M 1948) Salesman, ♦ M 
Neal Furnace Co., 1324 N. Capitol, Indian- 
apolis, and Cloverdale, Ind, - 

MORRISON, W. Bruce (A 1542 : J 1939) Bngr^ 
United States Engineer Dept, 628 Pittock 
m iftCK Tsr W- 27ih Ave.. Portland 


MOBR^ON, W. L. (A 1988) • 3422-16th St, 
Great Bend, Kane. 

MORRO. John J. (M 1940) Enpr-, 

Co., Inc., 60 Van Dam St, Brooklyn 22, and 
#130 IBast 40th St, New York 16, N. Y- 
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MORROW, J. DeWitt (A 1938) Pres, and Mgr., 

• The Warren Co., Inc., 614 Walker Ave., 
and 6503 La Branch, Houston, Texas. 

MORSB, Clark T. (M 1918) Pres., • American 
Blower Corp., P. O. Box 58, Roosevelt Park 
Annex, Detroit 32, and 16222 Shaftsbury 
Rd., Detroit 19, Mich. 

MORSB, Floyd W. (A 1934) Vice-Pres. and 
Gen. Branch Mgr., • Chamberlin Metal 
Weather Strip Co., 1264 LaBrosse St., De- 
troit 26, Mich. 

MORSE, Louis S., Jr. (M 1938; J 1936) Lt. 
(jg) U.S.N.R., Naval Torpedo Station, New- 
port, R. I. 

MORSE, Robert 0. (M 1936) • 414 Vance 
Bldg., Seattle 1, Wash. 

MORTON, Harold S. (M 1931) Lt. Col., * Ord- 
nance Dept,, Technical Division, Pentagon 
Bldg., Washington* D. C., and 128 Maple 
Ave., Takoma Park, Md. 

MORTON, Paul S. (A 1943 ; J 1939) Heating 
and Plumbing Electrical Sales and Engrg., 

• 609 Bangor Road, Lawrence, Mich. 
MOSES, Walter B.. Jr. (J 1940 ; S 1936) Asst. 

Naval Arch., Pendleton Shipyards Co., Inc., 
383 St. Charles St., New Orleans 12, and 

• 8330 Spruce St., New Orleans 18, La. 
MOSHER, Clarence H. (A 1919) Owner, • C. 

H. Mosher Co„ 423 Ashland Ave., Buffalo, 
N. Y. 

MOSKOWITZ, Samuel (A 1942) Prop , 

• American Steam & Oil Heating Co., 4604 
Fort Hamilton Parkway, and 116&-44th St., 
Brooklyn, N. Y. 

MOSS, Alfred W. (J 1943) Mgr., • Walter 
Woods, Ltd,, 179 Bannatyne Ave., and Gray- 
stone Arms, Winnipeg, Man., Canada. 
MOTZ, 0. Wayne (M 1932) Cons. Engr., • 920 
E. McMillan St., Cincinnati 6, and 2606 
Briarcliffe Ave , Cincinnati 13, Ohio, 
MOULD, Harry W., Jr. (J 1941) Engr., Fed- 
ders Manufacturing Co., Inc., 67 Tonawanda 
St., Buffalo, and • 23 Tremont Ave., Ken- 
more, N. y. 

MOULSDALE, Thomas DeWitt (M 1948) Heat- 
ing Engr., Lehigh Valley Oil Co,, 1200 Wal- 
nut St„ Allentown, and • 818 Coleman, 
Easton, Pa. 

MUCKLE, James (M 1939) Dept. Chief, • An- 
dersen, Meyer & Co., Ltd., 21 Yuen, Ming 
Yuen Rd., Box 265, and 11 Park Rd., Apt. 8, 
Shanghai, China. 

MUELLER, H. C. (M 1936 ; A 1980) Gen. Mgr., 

• The Powers Regulator Co., 2720 Greenview 
Ave., Chicago, and 1277 Forest Glen Dr., N., 
Winnetka, HI. 

MUELLER, Harold P. (M 1936) Pres., • L. J. 
Mueller Furnace Co., 2005 W. Oklahoma 
Ave,, and 611 R Monrovia Ave., Milwaukee, 
Wis. 

MUELLER, John R (M 1937) Mgr. CommT. 
Customer Dept., • West Penn Power Co., Box 
No. 1736, Pittsburgh 80, and 810 Parkside 
Drive, Pittsburgh 16, Pa. 

MUENZENMAYER, Willard R. (A 1941) 
Owner-Mgr., • Muenzenmayer Sheet Metal 
Co., Junction City, Kan. 

MUESSIG, James W. (M 1938) Sales Engr., 

• Clarage Fan Co., 833 N. Michigan Ave., 
Chicago, and 406 Lodge Lane, Lombard, IlL 

MUIRHEID, John G. (A 1940; J 1937) Vent. 
Engr., Bureau of Ships, Navy Dept., and 

• 1201 M St,, N.W., Washington, D. C. 
MULREY, Maurice D. (M 1944) Owner, • T. A 

Mulrey & Son, 8161 N. Illinois St, In- 
dianapolis, Ind. 

MUNIER, Leon L. (M 1919; J 1915) Pres., 

• Wolff & Munier, Inc , 222 East 41st St., 
New York 17, and 68 Columbia Ave., Harts- 
dale, N. Y. 


MUNKELT, Frederick H. (M 1938) Vice-Pres., 

• W. B. Connor Engineering Corp., 114 East 
32nd St, New York 16, and 317 East 17th 
St., Brooklyn 26, N. Y. 

MURDOCH, John P. (M 1937) Pres., • John 
P. Murdorii Co., 3630 Haverford Ave., Phila- 
delphia 4, and 735 Beechwood Dr., Beech- 
wood, Pa. 

MURHARD, ErroU A. (M 1939) Partner, Muir- 
head & Murhard Co., 801 S.W. Stark St., 
Portland 6, and • 2805 S.W. Greenview Court, 
Portland 1, Ore. 

MURPHREE, Robert L. (A 1940; J 1936) 
Engr., Rogers Plumbing & Heating Co., 2127 
Eighth St, and • P. O. Box 864, Tuscaloosa, 
Ala. 

MURPHY, Charles G. (M 1942; A 1935) Foun- 
dry Engr., Wright Aeronautical Corp., Lock- 
land, and • 6717 Murray Ave., Mariemont, 
Ohio. 

MURPHY, Daniel C. (A 1940) Sales Repr , 

• C. A. Dunham Co., 214 Old Colony Bldg., 
and 3900 Grand Ave., Des Moines, Iowa. 

MURPHY, Delacour I. (M 1941) E. C. Cooley 
Go., 625 Market St, San I^ancisco, and 

• 3027 Millsbrae Ave., Oakland, Calif. 
MURPHY, Edward (M 1915) Vice-Pres., 

• Carrier Corp., 302 S. Geddes St., Syracuse 
1, N. Y. 

MURPHY, Eugene F. (A 1944; J 1942) In- 
structor in Mech. Engrg., • University of 
California, and Faculty Club, Berkeley, Cahf. 
MURPHY, Howard C.' (M 1923) Vice-Pres., 

• American Air Filter Co., Inc., 216 Central 
Ave., and 495 Lightfoot Rd., Louisville, Ky. 

MURPHY, Joseph R. (4/ 1934, A 1925) Vice- 
Pres., Taco Heaters, Inc., 342 Madison Ave., 
New York, N. Y., and • Terrace Ave., River- 
side, Conn. 

MURPHY, William W. (M 1930) Treas., • W. 
W. Murphy Co., 424 Worthington St, and 
25 Mansdeld St., Springdeld, Mass. 

MURRAY. H. G. S. (M 1942; A 1941; J 1936) 
Sales Engr., • Canadian Comstock Co., Ltd., 
80 King St., W., and 19 Elora Rd., Toronto, 
Ont, Canada. 

MURRAY, Thomas F. (M 1923) Sr. Htg. and 
Vtg. Engr., Div. of Architecture, N. Y. State 
Dept, of Public Works, State Office Bldg., 
and • 14 S. Lake Ave., Albany, N. Y. 
MURSINNA, Gilbert P. (.*1 1939) Owner, • Gil- 
bert P. Mursmna, 640 Tafcl St., Cincinnati 
14, and 3657 Boudinot Ave., Cincinnati, Ohio. 
MUSGRAVE, Merrill N. (A 1936) Owner, 

• Merrill N. Musgrave & Co., 2019 Thirrl 
Ave., Seattle 1, and 1006 E. Roy St, Apt. 13, 
Seattle 2, Wash. 


MUSSER, John M, {A1 1042) Mech. Engr., 
U.S. Engrs., 110 E. Garden St, and • 530 
Turin, Rome, N. Y. 

MUSSER, Neil B. (AI 1043) Naval Arch, and 
Marine Engr., Joshua Handy Iron Workh, 
Sunny Vale, and • 1016 Fresno Ave., Berke- 
ley 6, Calif, 

MYER, Haydn (^L 1920) Pres., • Haydn Myer 
Co., Inc., 2224 Comer Bldg,* Birmingham 3, 
and 1411 Avon Circle, Redmont Park, Bir- 
mingham 5, Ala. 

MYERS. George W. F. (M 1930; .1 1<J2R ; 
J 1923) Owner, Myers Engineering Enuir>- 
ment Co., 3800 W. Pine BIvd„ St Louis 
and* 476 Pasadena Ave., WeUstor Groves 10, 
Mo. 

MYLER, William M.. JrA {M 1037) Cha^f 
Engr., Janitrol Engrg. Dept, * Surface Com- 
bustion Div,, Genenil Properties Co., Inr., 
400 Dublin Ave., and 1546 Grenoble Ed., 
Columbus, Ohio. 

MYTINGER, Kenneth L. (M 1036) District 
Appeals Chief, War Production Board, Km- 
*pire State Bldg., New York City, and • 3S- 
19 '60th St., Long Island City, N. Y. 
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NACHMAN, G«ors:e P. (M 1938) Treas.» • The 
Spohn Heating & Ventilating Co., 1776 East 
46th St., Cleveland, Ohio. 

NAMAN, Isreal A. (J 1940) Mech. Engr., 
Planning Div , Ventilation Gionp, Puget 
Sound Navy Yard, and • P. O. Box 46, Brem- 
erton, Wash. 

NAROWETZ, Louis L., Jr. {M 1929; A 1912) 
Pres,, ♦ Narowetz Heating & Ventilating Co., 
1722 Washington Blvd., Chicago 12, and 112 
S. Northwest Highway, Park Ridge, HI. 
NASS, Arthur F. (M 1927) Pres., • McGinness, 
Smith & McGinness Co., 627 First Ave., 
Pittsburgh 19, and 29 Elmhurst Rd., Pitts- 
burgh 20, Pa 

NATHANSON. Max (.1 1943) Chief Engr., 
Gen, Mgr. & Owner, • Canadian Armature 
Works, 6596 Si. Urbam St., and 6467 Vic- 
toria Ave., Montreal, Que., Canada. 
NATION, Oslin (/I 1944 ; J 1942) Texas Agri- 
cultural & Mechanical College, and • 9702 El 
Patio Dr., Dallas 18, Texas. 

NEAL, James P. (A 1939) Capt., U. S. Army, 
Cincinnati Ordnance Dist., 280 E. Ninth St., 
and * 1428 Herschel Ave., Cincinnati, Ohio. 
NEARINGBURG, Arthur (A 1938) Sales Engr., 

• Sheldons, Ltd., 1221 Bay St„ and 130 Floyd 
Ave., Toronto, Ont., Canada. 

NEE, Raymond M. (Af 1936) Principal Engr,, 

• Chemical Construction Corp., 30 Rockefel- 
ler Plaza, New York 20, and 6 East 82nd St., 
New York 28, N. Y. 

NEILANS, John L. (J 1943) Draftsman, Trane 
Company of Canada, Ltd., 4 Mowat Ave., 
and • 63 Beaty Ave., Toronto, Ont., Canada. 

NEILER, Samuel G. (Liic Member; M 1898) 
Owner, • Neilor Rich & Co,, Cons. Mech. & 
Elec. Bngrs., 431 S. Dearborn St., Chicago, 
and 737 N. Oak Park Ave., Oak l*ark, 111. 
NELSON, Axel A. (A 1942) Chief Engr., 

• Federal Reserve Bank Bldg., 926-27 Grand 
Ave., Kannas City, and R. #4, Northcrest 
Suh. D’iv., North Kansas City, Mo. 

NELSON, D. W.* (M 1928) Assoc. Prof. Mcch. 
Engrg., • College of Engineering, University 
of Wisconsin, Mech. Engrg. Bldg., and 3906 
Council Crest, Madison, Wis. 

NELSON, George O. (M 3923) Engr. and Gon. 

Siipt., • Carstens Bros., Ackley, Iowa. 
NELSON. Harold M. (M 1937) Pres., • H, M. 
Nelson & Co„ Inc., 1228 Connecticut Ave., 
Washington 0, D. C., and Falls Church, Va. 
NELSON, Herman W. (Life Member; M 1009) 
Chairman of the Boani, • The Herman Nel- 
son Corp., 1S24 Third Ave., Moline, 111. 
NELSON, lAurence K. (M 1940) Assoc., 

• James M. Todd. Mech. & Cons. Engr., 410 
Maritime Bldg., New Orleans 12, and 2602 
Palmer Ave,, New Orleans, La. 

NELSON, Richard R. (A 1933; J 1928) Pres, 
and (Jen. Mgr., The Hermati Nelson Corp,, 
1824 Third Ave., and • 1303 30th St., Moline, 
HI. 

NELSON, Roy 0. <M 1938) Sales Engr,. C. H. 
Bevingtiin Cc>„ 600 S. Michigan Ave , and 

• 6036 N, Bernard St., Chicago, HI. 
NESBITT, Albert J.* (A/ 1921) Pres., • John J. 

Inc., State Rd. & Rhawn St., 
Holnu'itburg, Philadelphia 36, atul Roekfield 
Farm, Tennln Ave, dt Welsh ltd., Ambler, Pa. 
NESMITH, Oliver E. (A 1928) Eiu-rr., WUHams 
Oil-O-Math? Heating Corp., Bell & Hanna, 
and • 107 Warner, Itloomingtun, HI. 

NESS. William H, C. (Af 1931) Secy, and Gen. 
Mgr.* • Master Fan Corp., 1323 (’-banning 
St„ Lo>* AngeU'^ 23, an<l 216 N. Kingsloy 
Dr., Loh Angelcrt, Culif, 


NESSBLL, C. W. (M 1937) Asst, to Vice Pres., 

• Minneapolis-Honeywell Regulator Co., 1101 
Vermont Ave., N.W., Rm. 406, Washington, 
D. G., and 2120 Forest Glen Rd., Silver 
Spring, Md. 

NEST, Richard £. (M 1936) Consultant, « 6018 
Morello Rd., Baltimore, Md. 

NEUBAUER, Edwin W. (M 1939) Engr., 

• Campbell Norquist & Co., 1127 S.W Mor- 
rison St., Portland 6, and 4804 N.E. Davis, 
Portland 15, Ore. 

NEWBY, Ira P. (M 1941) Htg. and Fuel Unit. 
U, S. Army, 8th Service Command, Santa 
Fe Bldg., and • 6326 Bryan P’kwy., Dallas 
14 76Xi£LS* 

NEWMAN,* Harold E. (M 1938) Mgr., • B. A. 
Newman Co., Box 107, and 419 Buckingham 
Way, Fresno, Cahf. 

NEWPORT, Charles P.* (Life Member; 
M 1906) Sales Engr., Weil-McLain Co., 
Michigan City, Ind„ and • 10001 Longwood 
Drive, Chicago, 111. 

NEWTON, Albert E. (A 1943) Engr., • Hall- 
Neal Furnace Co., 1324 N. Capitol Ave , and 
4515 E. Washington, Apt. 1, Indianapolis, Ind. 
NEWTON, Alwin B.* (M 1938) Mgr. Refrigera- 
tion Controls Div., • Minneapolis-Honeywell 
Regulator Co., 2747 Fourth Ave., S., Min- 
neapolis 8, and 18 W. Rustic Lodge Ave., 
Minneapolis 9, Minn. 

NICHOLLS. John M. (M 1939) • Robbins Gam- 
well Corp., 68 West St., and 136 Bartlett 
Ave., Pittsfield, Mass. 

NICHOLS, Howard R. (A 1943) Engr., Healy 
Plumbing & Heating Co., 278 W. Kellogg 
Blvd., St. Paul and • 6416 Park PI., Minne- 
apolis, Minn. 

NICHOLSON, Sterling J. (A 1941) Pres., 

• Nicholson, Inc., Box 817, Durham, N. C. 
NICKLE, Arthur J. (A 1936) Sales Engr., 

• Darling Brothers, Ltd., 140 Prince St., 
and 486C Marcil Ave., Montreal, Que„ Can- 
ada. 

NICOLL, Scott P.* (M 1939) Mech. Engr., 

• York Corp., York, and 1433 First Ave., 
Elmwood, York, Pa. 

NICOLS, J. A. (M 1941) Mgr., B. F. Sturte- 
vant Co., 31 Clinton St., Newark 2, and 

• 440 Kimball Turn, Westfield, N. J. 
NIEMOELLER. Arthur R. (A 1943) Sales 

Engr., Art Niemoeller, Elec. Equip., and 

• 6817 Itaska St., St. Louis 9, Mo. 

NIESKE, George F. (M 1943) Engr., C. N. 

Flagg & Co., Inc., 79 Griswold St., and 

• 794 Bee St., Meriden, Conn. 

NIESSE, Joe H. (M 1988) Indiana Br. Mgr., 
Hg Electric Ventilating Co., 836 Architects 
& Builders Bldg., Indianapolis 4, and • 6887 
Winthrop Ave., Indianapolis, Ind. 
NIGHTINGALE, George F, (A 1031) • 2136 
Linneman St., Glenview, HI. 

NOBBS, Waller W. (M 1919) Cons. Engr., 
26 Victoria St., London S.W. 1, and • 60 
Fairhazel Gardens, London N.W, 6, England. 
NOBIS, H. M. (M 1914) Owner, • Nobi.s Heater 
Co., 3936 Union Commerce Bldg,, Cleveland, 
and 1827 Stanwood Rd., E. Cleveland X2, 
Ohio. 

NOBLE, Milner (M 1940; A 1929; J 1924) 
Pres., • Aerofin Corp,, 410 S. Geddes St., 
and 701 Allen St., Syracuse, N. Y. 

NOLAN, James J., Jr. (M 1939) Principal 
Engr., Repairs & Utilities, Br. Office, Chief 
of Engrs., War Dept., 21st & Virginia Ave., 
Washington 26, and • 4024 Calvert St., N.W., 
Washington 7, D, C. 

NOLAN, John J. (M 1943) Prop., • J. J. 
Nolan & Co,, 78 Washington Ave., and 1GU6 
Goodbar, Memphis, Tenn. 

NOLL, WilHam F* (M 1924) Prop., • Wm. F. 
Noll, 629 North 27th St,, Milwaukee 8, and 
4823 W. Townsend St., Milwaukee If), Wis. 
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NOORD, Donald F. (J 1941 ; S 1935) Mech. 
Engr.» Rust Engineering Co., c/o American 
Viscose Corp., and • Browntown Rd., Front 
Royal, Va. 

NORAIB, Henry (M 1938) Pres,, • Norair En- 
gineering Corp., 1114-22nd St., N.W., and 
590^32nd St., N.W., Washington, 0. C. 
NOBBY. Karl H. (A? 1943 ; A 1938) Mgr. Heat- 
ing Dept., Tacoma Plumbing Supply Co., 316 
South 23rd, Tacoma, and • Box 113, Park- 
land, Wash. 

NORDINE, L. P. {M 1914) Mgr., Washington 
Office, The Trane Co., 2701 Ontario Rd., 
N.W., Washington, D. C., and • 812 Silvmr 
Springs Ave., Silver Spring, Md. 

Nordstrom, Fielder a. (S 1943) student. 

University of Minnesota, and • 420 Oak St., 
S.E., Minneapolis, Minn. 

NORFOLK, Leslie W. (A 1941; J 1939) Lt- 
Col., Royal Engrs., H. M. Forces, P. H. 2, 
Gibraltar, and • 42 Hampden St.. Notting- 
ham, England. 

NORMAN, Roy A. {M 1937) Prof, of Mech. 
Engrg., lovp'a State College, Mech. Engrg. 
Dept., and • 716 Ridgewood Ave., Ames, 
Iowa. 

NORRINGTON, Walter L. (A 1943; J 1938) 
Capt., Ordnance Dept., Office of Chief of 
Ordnance, Washington, D. C., and • 306 Bar- 
bara Fritchie, Beverly Plaza, Alexandria, Va. 
NORRIS, W. F. (A 1944; J 1938) Asso. Bngr., 
U. S. War Dept,, Corps of Engrs., • U. S, 
District Engrs. Office, Em, 611, Santa Fe 
Bldg., and 1718 Ave. P, Qalveston, Texas. 
NORTE, Wabur R. U 1942) Indus. Sales, 

• Crane Co.. 632 Eighth Ave., S., NashviUe^ 
Tenn. 

NORTH, Clarence P. {M 1942) Chief Engr., 
Campbell Heating Co., P. O. Box 838, Des 
Moines 4, and 3614 E. Seventh St., Des 
Moines 16, Iowa. 

NORTH, Sam L. (A 1942) Partner, • North 
Brothers, P. O. Box 262, Atlanta 1, Ga. 
NORTH. Waham R. (A 1940) Sales Engr., 

• 27 S. Gay St., Baltimore 2, Md. 

NORTON, John A. (M 1940) Mgr., Htg. Sales 

Div., Crane, Ltd., 306 Front St., W., To- 
ronto, and • 136 Hanna Rd,, Leaside, Ont., 
Canada. 

NORTON, L. Ivan (A 1941) Engr., • Eveready 
Plbg. & Htg. Co., 614 W. Main St., Wash- 
ington, Iowa. 

NOTTAGE^ Herbert B. (J 1943) Asst. Project 
Engr,, Pratt & Whitney Aircraft, East Hart- 
ford 8, and *14 Beech St., Manchester, Conn. 
NOTTBERG, Gustav (A 1933) Vice-Pres., 

• U. S. Engineering Co., 914 Campbell, and 
1835 East 68th St. Terr,, Kansas City, Mo. 

NOTTBERG, Henry J. (M 1919) Pres., • U. S. 
Engineering Co., 914 Campbell St,, and 150 
West 54th St., Kansas City, Mo, 
NOTTBERG, Henry, Jr. (J 1987) Secy., • XT. S. 
Engineering Co., 914 Campbell St., and 150 
West 54th St., Kansas City, Mo, 
NOVOLANSKY, Sydney I. (J 1943) Flight 
Sgt., Inspector, 8 Repair Depot, R. 0- A. F., 
and • 787 Pritchard Ave., Winnipeg, Man., 
Canada. 


NOWITZKY, Herman S. (A 1931) Supt. Con- 
struction, Wilmer Sc Vincent Corp., 1776 
Broadway, New York, N. Y., and • 821 
Llewellyn Ave., Norfolk, Va, 

NOYES, Richard R. {J 1938) Field Engr., 
• Canadian Sirocco Co., Ltd., 680 Dorchester 
St,, W., and 5552 Queen May Rdi, Apt. 4, 
Montreal, Que., Canada. 


Nl^IST, F. J., Jr. (M 1943) Asst. Chief 
Engr., L, J. Mueller Furnace Co., 2005 W, 
Oklahoma, and • 628 North 19th St., Mil- 
waukee, Wis. 


NUSBAUM, Leo* (M 1916) Owner, • Pennsyl- 
vania Engineering Co., 1119-21 N. Howard 
St., Philadelphia, and 3p Carpenter Lane, 
Germantown, Philadelphia, Pa. 

NUSBAUM. S. Richard (A 1944; J 1940) Mgr., 

• Pennsylvania Engineering Co., 1119-21 N, 
Howard St., Philadelphia, and 662 Mont- 
gomery Ave., Haverford, Pa. 

NUTTING, A.* (M 1940) Chief Engr., • Ameri- 
can Air Filter Co., 215 Central Ave., and 
4040 Ormond Rd., Louisville, Ky. 

NYE, L. Bert, Jr. (A 1943 ; J 1936) Staff 
Engr., Washington Gas Light Co., 1100 H 
St., N.W., Washington, D, C., and • McLean, 
Va. 

NYLAND, J. A. (A 1944) Owner, • Nyland 
Sheet Metal Co., 2323 W. Tenth St., and 1426 
West 34th St., Indianapolis, Ind. 

NYQUIST, John D. (J 1942; S 1941) Model 
Shop Supt., Collins Radio Co., and • 1535 
Bever Ave., Cedar Rapids, Iowa. 

o 

OAKLEY, LeRoy W. (M 1937) Owner, • L. W. 
Oakley Sales Co., 40S W. Clinch Ave., and 
2003 Laurel Ave., Knoxville, Tenn. 

OAKS, Orion O. (M 1917) Consulting Mech. 
Engr., 511 Fifth Ave, New York, N. Y., and 

• 119 Oakridge Ave., Summit, N. J. 
O'BANNON, Lester S.* (M 1928) Research 

Engr., • Kentucky Agricultural Experiment 
Station, University of Kentucky, and 123 
State St., Lexington, Ky, 

OBERG, H. C. (A 1933) Mgr. Engrg. Dept, 
Crane Co., Fifth and Broadway, and • 1362 
W. Minnehaha St., St. Paul, Minn. 
OBERLIN, James A. {J 1942 ; S 1940) Engr., 

• Allied Products Corp., Plant 3, and 211 
Union St., Hillsdale, Mich. 

OBERSCHULTE, Richard H. (A 1944 ; J 1938) 
Sales Engr., * D. T. Randall & Co., 404 
Blvd. Bldg., Detroit, and Box 76, Franklin, 
Mich. 

O'BRIEN, Thomas J. (M 1943) Partner, • Al- 
lied Architects & Engrs., 1030 Exchange 
Bldg., and 1483 Vance Ave., Memphis, Tenn. 
O'CONNELL, Thomas D'Arcy (A 1942) Pres., 
Thomas O'Connell, Ltd., 1169 Ottawa St., 
and 1505 Mountain St, Montreal, Que.» Can- 
ada. 

O’DANIEL, James A. (M 1942) Owner, • Maple 
City Furnace Co., 603 S. Main St, Mon- 
mouth, 111. 

O'DOWER, Hugh J. (A 1938) Field Engr., 

• Vllter Manufacturing Co., #Xl4 W. Tenth 
St, and 6844 Locust, Kansas City, Mo. 

ODUM, Ralph A. <A 1930) • R. 1, Box 173, 
Holly Hill, Fla. 

0EL60ETZ, J. F, (M 1038) Sole Owner, • J. F. 
Oelgoetz Co., 8566 N. High St, and 279 B. 
North Broadway, Columbus, Ohio. 
OESTERLE, A. L, (M 1940) 8420 Live Oak 
PI., New Orleans, La, 

OFFBN, l^n (M 1928) Owner, Htg. and Vtg, 
Engr., • B. Offen & Co., 343 S. Dearborn 
St, Chicago, lit 

OPFNER, Alfred J.* (AT 1922) (Treos,, 1936- 
88; Council, 1936-43) Cons. Engr,, * 130 East 
68rd St, New York, and 160-16 lllh Ave., 
Beechurst, L. I., N. Y, 

O’GORMAN, J. S., Jr. (A 1934) Mgr., Detroit 
Office, • Johnson Service Co., 230 B. Alexan- 
drine Ave., Detroit 1, and 147 Abbey IM., 
Birmingham, Mich. 

OLD, William H. (M 1987) Asst Mgr,. • Glanz 
& Killian Co., 1761 Forest Avo,, W., Detroit 
8, and 18246 Devonshire Rd., R. F. D, 6, 
Birmingham, Mich. 

OLSEN, Carlton F. (A 1925; J 1920) Engr. 
and Sales, Kewanee Boiler Corp., 649 W. 
Washington Blvd., and • 1000 West 100 St, 
Chicago, 111. 


5S 



ROLL OP MEMBERSHIP 


OLSEN', GuHtay E. (M 1930) Sales Mgr., Fitz- 
sribbotia Boiler Co., Tne., 101 Park Ave., New 
York, anti • OS-09 Beach Channel Dr., Ar- 
verne, L, I., N. Y. 

OLSON, Barney (A 1929) • Barney Olson, Inc., 
122 S. Michigan Avo., and 6724 N, Natoma 
Ave., Chicarto, 111. 

OLSON, Erlinj; O. (A 1943) Service Engr., 
Oil Burner Service Co., Inc., 316 W, Iiake 
St., Minncnpolis, and • 2106 Randolph St., St. 
Paul, Minn. 

OLSON, Kui?ene O. (M 1942) Asst. Prof., 

* Iowa State GoUejrc, Eni^inecrins Extension 
St*rvi<*o, Ames, Iowa. 

OLSON, Gilbert E. (M 1930) Southern Mgr., 

* H. K. Ferguson Co., 1606 Commerce Bldg., 
and H359 Park Place Blvd., Houston, Texas, 

OLSON, Milton JT. (A 1941; J 1937) Vice- 
PrcH., Olson Bros., 2651-55 St. Mary's Ave., 
and * 6627 Williams St., Omaha, Nebr. 

OLVANY, William J. (Liftt Member; M 1912) 
Pres,, * Wm. J. Olvany, Inc., 100 Charles 
St., New York 14, and 109-40-71st Bd., 
Forest Hills, N. Y, 

O'NEILL, James W. (Af 1929 ; A 1927; J 1926) 
Chief Engr., Trane Company of Canada, 
litd., 4 Mown! Ave., Toronto, and • 65 High- 
view Crescent, Toronto 10, Ont., Canada. 

OONK, W. J. m 1937) Dist- Engr., B. P. 
Sturtevanfc Co„ 1316 Syndicate Trust Bldg., 
St. liouia 1, and • 4648 Red Bud Ave., St. 
X^uis 15, Mo. 

OOSTEN, Louie S. (A 1044 j J 1988) Asst, 
Chief Engr., Bell & Gossett Co., 8200 N, 
Austin Avo., Morton Grove, and • 726 Case 
Si., Evanston, 111. 

DREAR, Andrew G. (M 1942; A 1980) Pres., 
« Trade-Wind Motnrfans, Inc., 6726 S« Main 
St., Los Angeles 87, and 1016 E. Raleigh St., 
Glendale 6, Calif. 

O'RBAR, L. R. (M 1034) Pres., • Midwest 
Plumbing A Heating Co., 2460 Blake St., 
and 825 S, Josephine St„ Denver, Colo. 

ORGELMAN, George H. (J 1942 ; S 1940) Btry. 
A, 140 AAA, Fort Bliss, Texas. 

ORMISTON, Jack B. (A 1940) Owner, • Or- 
miston Plumbing & Heating Co., 106 Man- 
ning Avc„ and 287 Mile Souare Rd., Yonk- 
ew 2, N. Y. 

OSBORN, Wallace J. (A 1927) Vicc-Pres,, 
Keeney Publishing Co., 1734 Grand Central 
Terminal Bldg., New York, N. Y., and • 1029 
Old Post Rd., Fairdeld, Conn. 

OSBORNE, G. H. (M 1922) Managing Dir., 
The Ventilating & Blow Pipe Co., Ltd., 714 
St. Maurice St., and * 836 Pratt Ave., Outre- 
mont, Montreal, Que., Canada. 

OSBORNE, J. M. (A 1944) Field Engr.. The 
Herman Nelson Corp., Moline, 111., and • 1108 
16th St., N.W., Washini^nO, D. 0. 

OSBORNE, Stanley B. (M 1039) Promotion 
Engr., * Chase Brass 4k Copper Co., Water- 
bury 91* and 116 Grove St., Maugatuck, 
Conn. 

O'SHEA, John J, (A 1941) Sales Repr., Buf- 
falo Forge Co., 306 Teckwood Dr., N-E., and 

* 714 Greenview Ave,, N.E., Atlanta, Ga. 

OSTER, William P, (M 1940) Vice-Pres., 

* Iktuitable Skiulpment Co., Inc., 410 Camp 
8tn New Orleans 12, La. 

OSTROM, Erfo W. (M 1987) Chief Engr,, Air 
Cond, Dept., A/B Svensfca Plaktfabriken, 
Kungsgatan 16. and * John Ericssonsgatan 
18. St^kholm, Sweden, 

OTT, M. Earl <M 1942) SupL, Lakeside Metal 
Service, Inc., 23 East 116th 31, and * 8635 
S, Wabash Ave., Chicago, XU. 

OTT, Oran Wt (M 1926) (Council 1934-36) 
Cons. Mesh. Engr., • Washington Bldg., Los 
Angelos, and 1462 Waverly Rd., San Marino. 
Calif. 


OTTO, Robert W. (M 1912) Mech. Engr., Toltz 
King & Day, Inc., 1609 Pioneer Bldg., and 

• 2147 Carroll Ave., St. Paul, Minn. 

O'TTS, John G. (A 1942) 1st Lt, • Ordnance 

Dept., Post Ordnance Office, Fort Dix, N. J., 
and c/o Dr. W. W, Carson, Fort Valley, Ga. 
OTTUM, Alvin L. (A 1943) Hgt..Vtg. Engr., 
Glenn L. Martin, Modification Center #8, and 

• 6218 Corby St., Omaha, Nebr. 

OURUSOPP, L.* (M 1931) Mgr. of Utiliza- 
tion, • Washington Gas Light Co„ 1100 H 
St., N.W., Washington, D. C. 

OUWENEEL, W. A, (M 1937) Asst. Wks. 
Engr., Fairchild Aircraft Div., and • 845 
Woodland Way, Hagerstown, Md, 
OVERTON, Sidney H. (M 1929) Repr., • Ideal 
Boiler & Radiators, Ltd. & American Radi- 
ator & Standard Sanitary Corp., P. O. Box 
6986, Johannesburg, South Africa. 

OWEN, Charles K (M 1941) Cons. Engr,, 
Mfrs. Agent, Owen Engineering Service, and 

• 1218 S. Thompson St,, Carbondale, 111. 
OWEN, JejBf Davis (M 1937) Piping Engr., 

Stone & Webster Engineering Corp., Box 
370, Baytown, and • 4070 East Blvd., Culver 
City, Calif. 

OWEN. W. Harold (M 1948) Engr,. • Harry 
Cooper Supply Co., 223 East Water, Spring- 
field, and Republic, Mo. 


P 

PABST, Charles S. (M 1934) Pres., Pabst Air 
Conditioning Corp., 219 Eagle St„ Brooklyn, 
and • 8727~98th St., Woodhaven, L. L, N. Y. 
FACKTOR, Bernard M, (A 1941) Engr., 
Worthington Pump & Mach. Corp., Appleton 
St., Holyoke, and • 6 Decker PI., Springfield, 


PAETZ, George A. (J 1942; S 1940) Lt. (jg) 
XT.S.N.R., Naval Training Station, and • 1721 
Preston Rd., Alexandria, Va. 

PAETZ, Herbert E. (M 1922) Div. Sales Mgr., 
♦ American Blower Corp., 632 Fisher Bldg., 
Detroit 2, and 1416 Parker, Detroit, Mich. 

PAGE, Arvin (M 1936) Chief Engr.. • The 
Bahnson Co., Salem Station, and 628 Roslyn 
Rd., Winston-Salem, N. C. 

PAGE, Harry W. (M 1923) Pres.. Chicago 
Blower Co„ and • Box 820, Lake Delton, Wis. 

PAGEI, Vernon C. (A 1986) Supt., Navy Fab. 
Div., • Fitzgibbons Boiler Co., Inc., and 116 
W. Fourth, Oswego, N. Y. 

PAINE, H. AUan (J 1940) Ensign, U.S.N.R., 
and • 602 N. Ninth St., Brainerd, Minn, 

PAINTER, D. Howard (M 1937 ; A 1924) Mfr. 
Repr., * 8031 Manor Ed., Rte. 7, Kansas City 
6, Mo. 

PALMER, Cecil N, (A 1948) Mgr. Stoker Div., 
Pease Foundry Co., Ltd., 227 Victoria St., 
and • 71 Huntley St., Toronto, Ont,, Canada. 

PALUMBO, Bernard F. (A 1943; J 1941) 
Chief Lofting Insp., Vought Sikorsky Air 
Craft, Stratford, and • 60 Foster Sa-, Bridge- 
port, Conn. 

PAaUET, Jean-M, (A 1940; J 1986) Engr., 
J. A. Y. Bouchard, Inc., 97 Cote D' Abraham, 
and • 9 Bote Jolx, Quebec, Que., Canada. 

PARENT, Harold M. (M 1938) Partner, • Par- 
ent & Kirkbride, N.W. Cor. Fourth & Locust 
St., Philadelphia 6, Pa., and 324 Pitman 


Ave., Pitman, N. J. 

PARK, Harold E. (A 1988; J 1936) Sales 
Engr., • Shaw-Perkins Mfg. Co., 1645 Oliver 
Bl(^., Pittsburgh 22, and 106 W. Littlewood 
St., Etna, Pittsburgh 23, Pa. 

PARK, J. Frank (M 1937; A 1936; J 1980) 
Pres., ♦ Western Air & Refrigeration, Inc., 
1234 S. Grand Ave., Los Angeles 16, and 
2160 Kenilworth Ave., Los Angeles 26, Calif. 

PARK, Nicholas W. <M 1986) Heintz Manu- 
facturing Co., Front & Olney Ave^ Phila- 
delphia, and • 609 Jericho Rd., Abington, Pa. 
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PARKER, Herbert B. (M 194S) Engr., BetMe- 
hem Steel Co„ East Howard St.. Quincy, 
and • 74 Sealund Ed., North Quincy, Mass. 
PARKER, Richard A. (A 1938) 1st Lt., • 749th 
Military Police Hetachment, and 2922 Gough 
St., San Francisco, Calif. 

PARKINSON. John S.* (A 1940) Lt. Comdr., 
U.S.N.R., David Taylor Model Basin, Navy 
Dept., Washington, D. C., and • 8907 Oneida 
Lane, Bethesda, Md. 

PARKS, Charles E. (M 1937) Pacific Coast 
Mgr., • Ilg Electric Ventilating Co., 815 W. 
Fifth St., Los Angeles 13, and 7267 Holly- 
wood Blvd., lios Angeles 46, Calif. 
PARROTT, Lyle G. (M 1922) Cons. Engr., 

• Snyder & McLean, 2214 Penobscot Bldg., 
Detroit 26, and 3788 Gladstone, Detroit 6, 
Mich. 

PARSONS, John H. (A 1942) Chief Engr., 
California Shipbuilding Corp., Terminal 
Island, and • 4119 Fourth Ave., Los Angeles, 
Calif. 

PARSONS, Roger A. (A 1942; J 1983) Htg. 
Engr., • Board of Water & Electric Light 
Commissioners, 114-16 W« Ottawa St., and 
2609 Clifton St., Lansing, Mich. 

PARTLAN. Robert L. (J 1940) Pres., • Part- 
lan Sheet Metal Works, Inc., 14268 Goodard 
Ave., Detroit 12, and 9100 Pinehurst Ave., 
Detroit 4, Mich. 

PARVIS, Ralph S. (M 1938) Mgr., Diamond 
Ice & Coal Co., 827 Market St., and • 2128 
Biddle St., Wilmington, Del. 

PASTEUR, Hugh W. (M 1943) Export Mgr., 

• J. E. Hall, Ltd., Hartford, and Fairseat 
House, Fairseat, Kent, England. 

PASTOR, John C. (M 1938) Design Engr., 

• 1091 Talbot Ave., Jacksonville, Fla. 
PATORNO, SnUivan A. S. (M 1923) Cons. 

Engr., 101 Park Ave., New York, N. Y, 
PATTERSON, Frank H. (M 1936) Sales Engr., 
Hoffman Specialty Co., 1001 York St., Indi- 
anapolis, Ind., and • 9201 Bolejm Ave., De- 
troit, Mich. 

PATTERSON, GranviUe P. (M 1939) Vice- 
Pres., • W. B. Haggerty, Inc., 806 Morgan 
St., P. O. Box 2971, and Hotel Mirasol, 
Tampa 1, Fla. 

PATTERSON, James L. (M 1943) Works 
Engr., • Canada Cycle & Motor Co., Ltd., 
Lawrence Ave., and 1747 Jane St., Weston, 
Ont., Canada. 

PATTESRSON, Ralph A. (A 1943) Sales Mgr., 

• Bell & Gossett Co., Morton Grove, and 1218 
Mulford St., Evanston, HI. 

PAUL, Donald I. (M 1936; J 1932) • Gurney 
Foundry Co., Ltd., 4 Junction Rd., and 264 
Lawrence Ave., E., Toronto, Ont., Canada. 
PAULEY. Robert D. (A 1944; J 1940) De- 
velopment Engr., • Weyerhaeuser Timber Co., 
Longview, Wash. 

PAVEY, Charles A. (M 1937) Dist. Mgr.. 

• B. F. Sturtevant Co., 812 Michigan Bldg., 
Detroit 26, and 18727 Bretton Dr., Detroit 
23, Mich. 

PAWKETT, Lawrence S. (A 1988) Capt,, Army 
Air Corps., and • 902 W. Magnolia, San An- 
tonio 1, Texas. 

PAYTON, John P. (M 1944) Air Cond. Re- 
search Engr., Allison Division, General 
Motors Corp., and • 26 West 16th St.. Apt. 
No. 50, Indianapolis, Ind. 

PEACOCK, Glenn S. (M 1939) Htg, Engr., 
University of Pittsburgh, Oakland P. O., and 

• 111 Elmont St., Orafton P. O. No. 5, Pitts- 
burgh, Pa. 

PEACOCK, Herbert (M 1980) Washington Mgr., 

• Carrier Corp., 934 Investment Bldg., N.W., 
and 6073 Lowell St., N.W,, Washington, D. C. 


PEARCE, Edward A. (M 1942) Engr. and 
Chief Draughtsman, E. Wingfield-Bowles & 
Partners, 28 Chester Rd-, Northwood, and 

• 56, Blenheim Ed., North Harrow, Middle- 
sex, England. 

PEARSON, Fred L. {M 1925) Mech. Engr., 

• Smith, Hinchman & Grylls, 800 Marquette 
Bldg., Detroit, Mich. 

PEART, Allen M. (A 1937) Dist. Mgr., • Min- 
neapolis-Honeywell Regulator Co., 637 Craig 
W., Rm. 812, and 6580 Bradford PL, Mon- 
treal, Que., Canada. 

PECK, Henry E, (A 1938) Air Conditioning 
Engr., Eastman Kodak Co., Kodak Park, 
Eoch^er, and • 73 Potter PL, Fairport, N. Y. 
PECK, Robert E. (M 1943) Vice-Pres., • The 
Peck Hannaford & Briggs Co., Cor. Syca- 
more & Court St., and 980 Avondale Ave., 
Cincinnati, Ohio. 

PEEBLES, John K., Jr. (A 1926 ; J 1924) Chief 
Engr., Partner, Baskervill & Son, Archts., 
Central National Bank Bldg., Richmond 19, 
and • 1708 Park Ave., Richmond 20, Va. 
PEG6, Edward H. R. (A 1943) Mech. Engr., 
Westinghouse Electric & Manufacturing Co., 
1216 West 58th St., Cleveland, and • 14608 
Garfield Ave., Lakewood 7, Ohio. 

PEXSER, Maurice B. (J 1937) Lt., • Box 180, 
Enid Army Field, Enid, Okla. 

PELLEGRINI, Louis C. (M 1939) Vice-Pres., 
Mario Coil Co., 6136 Manchester Ave., and 

• 6649 Murdoch St., St. Louis, Mo. 

PELLER, Leonard (A 1942 ; J 1934) Lt. ( jg) 

U.S.N.R., 9th Special Naval Construction Bat- 
talion, Co. D, Fleet Post Office, San Fran- 
cisco, Calif., and • 1422 Carmen Ave., Chi- 
cago, 111. 

PBLLMOUNTBR, Thomas (A 1936) Mfrs. 
Agent, Louis Allis & Leland Electric, 903 
McGee St., Kansas City 6, and • 3308 Euclid 
Ave., Kansas City 3, Mo. 

PELLMOUNTER, Thomas V. (J 1938) 2nd Lt., 

• 65th Ordnance Co., A, P. O. 309, Ft. Lewis, 
Wash., and 401 South 14th St., LaCrosse, 
Wis. 

PENN, Lester W. (M 1942) Chief Engr., W. J. 
Knight & Co., Consulting Engrs., 903 Wain* 
wright Bldg., and • 3916 Shreve Ave., St. 
Louis 16, Mo. 

PENNEY, Gaylord W. (M 1938) Mgr,, Electro- 
Phyuics Dept., Research Lab., * Westinghouse 
Electric & Manufacturing Co., East Pitts- 
burgh, and 171 Orchard Ed., Wilkinsburg, 
Pittsburgh 21, Pa. 

PBNNOCK, W. B. (Af 1927) Lt. CoL, • Pen- 
nock Engineering, 63 Queen St., Ottawa, 
Ont., Canada. 

PENTECOST, Richard H, (A 1948) Sales Mgr., 

• Airtherm Mfg. Co„ 700 S. Spring Ave., 
and 6116 Pershing Ave., St. Louis, Mo. 

PERKINS, Robert C, (M 1941 ; A 1936) Line 
Supt., Lone Star Defense Corp., and • Rt, 
#5, Box 673, Texarkana, Texas, 

PERRAS, George E. (M 1936) Mgr., Htg. Div., 

• Thomas Robertson & Co., Ltd., 262 Craig 
St., W., and 6915 Christophe Colomb St„ 
Montreal, Que., Canada. 

PERSSON, N. Bert (A/ 1937) Research Engr. 
and Designer, Conveyors, Inc., 483 Kndicott- 
On-Eobert, and • 1418 Simpson St., ,St, Paul, 
Minn. 

PESTERFIELD, C. tt. (M 1938; J 1936; 
S 1982) Asst. Prof, of Mech. Bngrg., • Michi- 
gan State College, Dept, of Mech. Engrg., 
and 142 Gunson St., East Lansing, Mich. 
PETERKIN, Stuart M. (M 1022) Pres.. • Mi- 
chael Stuart Co., Ltd., 249 D’ufferin St„ 
Toronto, and Iroquois, Ont., Canada. 
PETERS, Hugo C. (M 1943) Heating Engr., 
U. S. Engineers (Retired), and • Shinnecoek 
Hills, Southampton, L. I., N. Y. 
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PETERSEN, Chmtian P. {A 1987) Engi., 

• Day Co., 810 Third Ave., N.E , and 4000 
Cedar Ave., Minneapolis, Minn. 

PETERSEN, Robert H. {J 1942 ; S 1941) Grad. 
Enprr , • Allits-Chulmors Manufacturing Co., 
Milwaukee, Wis. 

PETERSON, B, 0. (M 1943; A 1941) Sales 
Engr., 400 S<tuih 19th, Omaha 2, and • 6235 
Florence Blvd., Omaha 11, Nebr. 

PETERSON, Carl M. F,* (M 1936) Asst. Prof, 
of Mech. Engrg., Aast. Supt. of Bldgs. & 
Power, • Massachusetts Institute of Tech- 
nology, 77 Mass Ave., Cambridge, and 74 
Cutter Hill Ed., Arlington 74, Mass. 
PETERSON, Clarence JL,. (M 1938) Branch 
Mgr,, Minneupolis-Honeywell Regulator Co., 
1136 Howard St., San Francisco, and • 2 
Inclian Rock Path, Berkeley, Calif, 
PETERSON, DuWayne J. (M 1940) Branch 
Mgr., * Minneapohs-Honeywell Regulator Co., 
416 Brainard St„ Detroit I, and 16819 Cran- 
ford T*ane, CrosKc Pointe 30, Mich. 
PETERSON, Hans P. (J 1989) Chief Bngr., 

• Bush Manufacturing Co., 1031 New Britain 
Ave., Hartford 10, and 4 Vernon St., Hart- 
ford 6, Oonn. 

PETERSON, Jf. Raymond (A 1941; J 1940) 
U. S. Army, and • 719 E. Nevada Ave., St, 
Paul, Minn. 

PETERSON, Neil H. (M 1937) Owner, • Neil 
H. Peterson Co., 1129 Folsom St. San Fran- 
cisco, and 19 Palm Avo., San Rafael, Calif. 
PETERSON, Sterling D. (A 1980) Branch 
Mgr., • Johnson Service Co., 311 Colman 
Bldg., Seattle 4, and 6051 Prince St., Seattle 

PBTlS^ON, Walter E. (M 1941) • 6240 N. 

Kimball Ave., Chicago 26, III. 

PBTT, Alfred W. (M 1942) Dir. of Research, 
Sterling Tool Products, 363 E. Ohio St, Chi- 
cago, and • 891 Vernon Ave., Glencoe, 111, 
PETTIT, Ernest N., Jr. (M 1987) Sr. Engr., 
Post Kngr., Sheppard Field, and • 1201 Brook 
St,. Wichita Falls, Texas. 

PETTY, Charles E, (A 1989) Htg. Engr., • 2120 
Providence Rd., Charlotte, N. C. . , „ 
PEXTON, Frank S. (A 1936) Industrial Engr., 

• Kansas City Gas Co., 824 Grand, and 304 
Bast 70th Terrace, Kansas City, Mo. 

PFEIFFER. David 0. (M 1940) Industrial 
Engr., • Dallah Power & Light Co„ 1506 
OoTOWerce St., and 3610 St. Johns Dr*, Dal- 
1 h.s, Toxaf-. 

PFEIFFER, Prank P. (A/ 1038) Industrial 
Engr,, United Engineers & Constructors, 
Inc„ UOl Arch St., and * 7421 Sommers Rd., 
Phihuielphia, Pa. 

PFISThai, Van Alen (A 1942) Sales Engr., 
McDonnell A Miller, 361 W. Superior St* 
and • 1000 Loyola, Chicago, 111. 

PFRIEM, Peter G. (A 1037) Sales Engr., The 
Knapp Supply Co., Muncie, Ind., and • 2531 
Burnet Aw., Cincinnati 39, Ohio, 

PFUHLER, John L. (A 1025; J 1923) Plbg. 
and Htg. (’ontr., * 600 Manor Rd., Staten 
Island. N. Y, 

PHERIGO, Faun S. (A 1944) Htg. Dept, 
ImlianapoIlH Power & Light Co.* Indianap- 
olis. and • 6124 Maple Lane, Indianapolis 2. 

PHILIP* William (M 1037) Sales Engr., Stand- 
ard Sanitary 4It Dominion Radiator, X^td., Cor. 
Roycf* A Latuiilowne Avch.* and *74 Baatedo 
Ave.. Toronto, Ont, Canaria. 

PHILIPPI* Joseph J, (M Mgr.,* John- 

non Service Co„ 1355 Washington Blvd., ami 
780? S. Winchester St, Chicago, HI. 
PHILLIPS, Frederic W, (M 1921) ♦ 825 E.ibt 
Il8th St,. Brooklyn, N. V. 

PHILLIPS. Ralph E- 

and Kler‘. Hngr„ ♦ HIO W. i-ifth bt, Lo-s 
13, Calif, 


PHILLIPS, Robert H. (A 1941 ; J 1938) Uz 
Lt, Infantry, Army of the United States, 
Co. F, 206th Trng. Bn., Camp Blanding, 
Fla., and • 4847 Oakwood Ave., Los Angeles, 
Calif. 

PHILLIPS, Walter L, (A 1938) Major, Air 
Corps, Bombing and Gunnery Range, Tono- 
pah, Nev., and • Box 233, Palls Church, Va. 
PHIPPS, Frederick G. (M 1980) Vice-Pres., 
Preston-Phipps, Inc., 637 Craig St., and 

• 5431 Earnscliffe Ave., Montreal, Que., Can- 
ada. 

PIERCE, Joseph 0. (J 1942) Asst Research 
Engr., • Crane Co., 836 S. Michigan Ave., 
Chicago 5, and 1634 East 53rd St., Chicago 
15, 111. 

PIBRPOINT, Harry Y. (A 1943) Owner, • J. A. 
Pierpoint, 1338 Half St, S.E., and 3554 
Appleton St, N.W., Washington, D. C. 
PILLBN, Harry A. (A 1933) Owner, • Harry 
A. Pillen Co., 626 Broadway, and 2124 Crane 
Ave., Cincinnati, Ohio. 

PINES, Sidney (M 1920) Owner and Gen. 
Mgr., • Pines Engineering Co., 2413 N. Pearl 
St., Dallas 1, and 3541 Bryn Mawr Dr., Dal- 
las 5, Texas. 

PINNEY, Theodore M. (M 1942) Engr., • 1888 
Wymore, Bast Cleveland 12, Ohio. 

PINTER, Joseph L. (A 1942) Owner, Joseph L, 
Pinter & Co., 62 Early St, Morristown, and 

• 60 Laurel Hill Rd., Mt Lakes, N. J. 
PISTLER, WUlard C. (M 1934) Cons. Engr., 

Leverone Bldg., 4 W. Seventh St., and • Or- 
chard Lane and Crestview Ave., Cincinnati, 

Ohio* . 

PIZER, M. Morton (A 1948) Engr., Daniel- 
Morris Co., 214 E, Sixth St., New York, and 

• 109-36~120th St, Richmond Hill, New York 

20. N. Y. ^ . 

PLACE, Clyde R. (Af 1924) • 420 Lexington 
Ave., New York, N. Y. , 

PLAMON0ON, Sarto B. (A 1944; / 1943) 
Engr. of the Division, Ministry of Health 
& Public Welfare, Division of Industrial Hy- 
giene, Parliament Bldg., Quebec, and • 5792 
des Erables St., Montreal, P. Q., Canada. 
PLATZ, John F. (A 1940) Sales Engr., •/.»!. 
& L. A. Osborn Co., 1641 East 38th St., 
Cleveland, and 1739 Holyoke, East Cleveland, 
Ohio. 

PLAYFAIR, G. A. (A 1924) Mgr., • Johnson 
Temperature Regulating Co. of Canada, Ltd., 
113 Simcoe St, Toronto, and West Hill, Ont., 
Canada. 

PLEUTHNEE, Richard L. (J 1938) 2nd Lt., 
A.S. No.— 0-863805, Hus. Det, 354th Fts. 
Gp. A. A. F., c/o Postmaster, A. P. O. 638, 
New York, and • 393 Starin Ave., Buffalo, 
N. Y. 

PLBWES, Stanley E. (M 1917) Mgr. Philadel- 
phia Branch, • Johnson Service Co., 2853 
North 12th St, and 841 E. Hortter St., Phila- 
delphia, Pa. 

PLOSKEY, Edward J* (J 1940) Sgt.. U. S. 
Army, 40th Ordnance Co., Aberdeen Proving 
Ground, Md., and * 2367-32nd Ave., San 

Francisco, Calif. 

PLUM, Leroy H. (M. 1935; A 1 ?3 4) * Warren 
Webster & Co., Camden, and 216 Second 
Ave., Haddon Heights, N, J. 

PODOLSKE, Arthur R. <A 1938) Pr^.,* Mil- 
waukee Metal Products Co.. 1737 N. Palmer 
St„ Milwaukee 12, Wis. 

POEHNBR, Robert E* (M 1928) Owner, Htg. 
Contractor. • 849 Massachusetts Ave., and 
2308 Coyner Ave., Indianapolis, Ind. 
POGALIES, Louis H. (M 1981) Mech. Engr., 
Wilbur Watson & Assoc., 4614 Prospect Ave., 
and * 19272 Coirmberry Blvd., Fairview Vil- 
lage. Cleveland 16, Ohio. 

POHLE. Kenneth F. (A 1930) Vice-Pre^, 
* W, F, Hii-schman Co.. Inc., LeRoy, N. Y. 
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POLAD, Thomas H. {J 1943) Asst. Chief 
Engr., Heating Equipment, Prairie Eonde, 
and • 618 Spruce St., Dowagiac, Mich. 
POLLAK, Rudolf (M 1987) Chief Engr., 

• Rockrfeller Center, Inc., 50 Rockefeller 
Plaza, 3rd Floor, New York 20, and 140 
Palmer Ave., Larchmont, N. Y. 

POLLARD, Alfred L. (A 1932) Gen. Supt., 

• Puget Sound Power & Light Co., 860 
Stuart Bldg., Seattle 1, and 3009-28th Ave., 
W., Seattle 99, Wash. 

POLLOCK. Carl A. (A 1937) Gen. Mgr.. • Do- 
minion Electrohome Industries, Ltd., 39 Ed- 
ward St., and 120 Sterling Ave., Kitchener, 
Ont., Canada. 

POND, William H. (M 1938) Htg. Engr., 
General Cable Corp., Perth Amboy, and 

• 820 W. Front St., Plainfield, N. J. 
PONDER, Everett A. (A 1939) Owner, • Ev- 
erett A. Ponder Go., 8316 N.E. 73rd St., 
Portland 13, Ore. 

POOL]& Gordon D. (M 1943) Dist. Engr., 
Canadian Johns-Manville Go., Ltd., Sun Life 
Bldg., and • 5549 Queen Mary Rd., Montreal, 
Que., Canada. 

POPE, S. Austin (M 1917) Pres., • William A. 
Pope, Co., 26 N. Jefferson St., Chicago, and 
831 Ashland Ave., River Forest, HI. 
PORTER, Carl W. (M 1948 ; A 1940 ; J 1936) 
Engr. (Naval Archt.), Air Cond. Sect., Navy 
Dept., Bureau of Ships, Washington, D, C., 
and • 409 Tennessee Ave., Alexandria, Va, 
PORTER, Knight C. (M 1940) Superv., Home 
Service Div., • Commonwealth Edison Co., 72 
W. Adams St., Rm. 1044, Chicago, and 144 
Linden Ave., Glencoe, 111. 

PORTER, Noel E. (A 1943; J 1988) Ensign, 
TJ.S.N.R., and • 1604 Scenic, Berkeley, Calif. 
POSEY, James (Af 1919) Cons. Engr., • 10 E. 
Pleasant St., Baltimore 2, and 4005 Liberty 
Heights Ave., Baltimore, Hd. 

POST, Gerald A. (M 1943) Mech. Engr., F. H. 
Langsenkamp Co., 229 E. South St, and 
• 8587 N. Grant Ave., Indianapolis, Ind. 
POST, mcholas (A 1943 ; J 1941) Mech. Engr., 
Equipment Lab., War Dept., Wright Field, 
Dayton, Ohio, and • 616 Post PL, East St. 
Louis, HI. 

POTTER, John R. (A 1939; J 1988) Elec. 
Engrg., • Lockwood Greene Engrs., Inc., 10 
Rockefeller Plaza, New York, N. Y., and 
Dushore, Pa. 

POUGHER, Bernard R, E. (J 1940) Sgt., 110 
(EL) A. T. Coy, R. E., and • 99 Mauldeth 
Rd., W., Withington, Manchester, England. 
POUGHER, Ernest W. (M 1939) E. W. Rougher 
& Son, Old Trafford, and « 99 Mauldeth Rd., 
W., Withington, Manchester, England. 
POUJADE, James V. (A 1943) Chief Refriger- 
ation & Ventilation Unit, Hq. Fourth Ser- 
vice Command, Repairs & Utilities Br., 50 
Whitehall St., and • 387 W. Ontario Ave., 
Atlanta, Ga. 

POUND, Howard W- (Af 1941) Mgr., Electro- 
Matic Sales., • American Air Filter Go., 21 5 
Central Ave., and 8341 Brownsboro Rd., 
Louisville, Ky. 

POWELL, George W., Jr. <Af 1938) Industrial 
Engr., • Uiaited Engineers & Constructors, 
Inc., 1401 Arch St., Philadelphia, and 458 S. 
Fourth St., Oolwyn (Darby P. O.), Pa. 
POWERS, Ehrle C. (AT 1989) ♦ E. C. Powers & 
Son, 240 Cherry St., Philaddphia, Pa., and 
28 Madison Ave., Erlton, N. J. 

POWERS, F. W. (Life Member; M 1911) 
(Council, 1918-19) Pres., • The Powers Rad- 
iator Co,, 2720 Greenview Ave,, and 900 
Gastlewood Terrace, Chicago, HI. 

POWERS, Lowell Q. (A 1987 ; J 1980) Branch 
Mgr., • Carrier Corp., 795 Union Commerce 
Bldg., Cleveland, and 2730 Cranlyn Rd., 
Shaker Heights, Ohio. 


POWERS, R. W. (J 1943; S 1941) Mech. 
Engr., • South Atlantic Div., IT. S. Engi- 
neers, 60 Whitehall St., and Ansley Hotel, 

POWLESLAND, John W. (A 1944; J 1942) 
Field Engr., Canadian Sirocco Co., Ltd., 67 
Bloor St., W., Toronto, and • R. R. #3, 
Woodbridge, Ont., Canada. 

PRATT, Foster J. (M 1937) Pres., • Inter- 
national Federation of Technical Engrs., 

A. P. of L. Bldg., Rm. 200, Washington 1, 
and 829 Willard Ave,, Washington 16, D'. C. 

PRAWL, Prank B. (M 1940 ; J 1986) Capt., 
0313588, • Ord. Dept, Ord. Sect S.O.S., A. F, 
O. 628, c/o Postmaster, New York, N, Y., 
and Scottsbluff, Nebr. 

PREBBNSEN, Harold J. (Af 1988) Major, Chief 
of Production, Tank & Automotive Branch, 
War Dept., Chicago Ordnance Dlst., Chicago, 
and • Route 1, Meadow Lark Rd., North- 
brook, HI. 

PRENTICE, Oliver J. (Ufe Member ; A 1927) 
Dir. of Publicity and Public Relation, • C. A. 
Dunham Co., 450 E. Ohio St, and 111 W, 
Divisi on St, Chicago, III. 

PREWITT, H. B. (A 1939) Asst Branch Mgr., 

• American Blower Corp., 783 Brtmd St, 
Suburban Station Bldg., and 615 E. Allen 
Lane, Philadelphia, Pa. 

PRICE, Charles EL (A 1938) Secy-Treas., 

• Keeney Publishing Co., 6 N. Michigan Ave., 
Chicago 2, and 800 Vernon Ave., Glencoe, III. 

PRICE. Charles F. (A 1943; J1937) Lt, • 1016 
W. Washington St., and Knapp Supply Co., 
515 S. Ohio Ave., Muncie, Ind. 

PRICE, D. O. (M 1934) Htg., Air Cond. Engr., 
General Steel Wares, Ltd., 199 River St, 
and • 181 St Germaine Ave., Toronto, Ont., 
Canada. 

PRICE, E. H. (M 1039 ; A 1937 ; J 1934 ; S 1982) 
Capt, Q.M.6. 1 Branch, C.M.H.Q. Canadian 
Army (Overseas), and • 170 Harbison Ave,, 
Winnipeg, Man., Canada. 

PRICE, Wilkes C. (M 1943) Engr., J. A. 
James Construction Co., Clinton Engineering 
Works, Clinton, Tenn., and •159 Chatham 
Rd., Asheville, N. C. 

PRIDE, Harold K. (A 1943) District Mgr., 

• Minneapolis-Honeywell Regulator Co,, 2406 
N. Maryland Ave., and 5164 N. Lydcll Ave., 
Milwaukee, Wis. 

PRIESTER, Gayle B.* (Af 1943 ;J 1935 ; S 1934) 
Asst Prof, of Mech. Engrg., • Case School 
of Applied Science, Cleveland 6, and 1163 
Oxford Rd., Cleveland Heights, Ohio. 
PRINCE, Raymond F. (A 1943 ; J 1936) Engr.. 

B. B. Dunning & Co.t 68 Broad St., and 

• Burleigh Hill, R. F. D. 1, Bangor, Me. 
PROCTOR, Charles W. (A 1944) Sales Engr., 

The Conditioning Co„ Inc,, 19 Herbert PI., 
Newark, and • 1809 E. Seventh St, Plain- 
field, N. J. 

PROIE!; John (M 1936) Mgr., • Proic Bros., 
866 W. North Ave., Pittsburgh 12, and 101 
Dilworth St, Pittsburgh 11, Pa. 
PROTHElROEl, Richard A. (A 1943) Dist. Mgr., 
Anthracite Industries, Inc., 2204 Walnut SI., 
Philadelphia 8, and • 77 Fairfield Rd., Brook- 
line, Upper Darby, Pa. 

PRTIBII^ Paul L. (A 1982) Partner, • Hucker- 
Pryibll Co., 1700 Walnut St, and 328 K, 
Phil-EUena St, Philadelphia, Pa. 

PRTKE; John K. M, (A 1937) Capt., Royal 
Army Ordnance Corp, (British Army), and 

• 140 East 81st St., New York, N. Y. 
PRYOR, Albert S, (Af 1944) Mcch. Engr.. 

Eastern Aircraft, Trenton Division, General 
Motors Corp., Trenton, N. J,, and • River 
Rd„ Washington Crossing, Pa. 

PUGH, D. Oark (J 1942; S 1939) Engr., 
Draftsman, Carbide dc Carbon Chemicals 
Corp., McCorkle Ave., South Charleston 8, 
and • 215 Brooks St, Charleston 1, W. Va, 
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PULLUM, Clarence £3. {M 1940) Vice-Pres., 

• Bell & Gossett Co., 8200 N, Austin Ave., 
Morton Grove, and 1011 N. Grove Ave., Oak 
Park, 111. 

PULLEN, Royal R, (M 1935) Chief Mech. 
Enj?r., Homestake Mining Co., and • 109 E. 
Hill St., Lead, S. D. 

PURCELL, Frederick C, (M 1926) Sales Engr., 
Minneapolia-Honeywcll Regulator Co., 416 
Brainard St., Detroit 1, and • 18680 Santa 
Rosa Dr., Detroit 21, Mich. 

PURDUE, Frank (M 1948) Chief Engr., Od- 
hams (Watford), Ltd., St. Albans Rd., and 

• 46, Tudor Dr., Watford, Hertfordshire, 
England. 

PURINTON, Dexter J. (A 1923) Plant Engr., 
Wright Aeronautical Corp., Paterson, and 

• 208 Ridge Rd., Rutherford, N. J. 

Q 

QUACKENBUSH, Seelye M. (M 1940) Partner, 

• Quackenbufah Co., 117 W. Tupper St., and 
261 Parkside Ave., Buitalo, N. Y. 

QUALL, Clarence 0. (A 1937) Owner, Quail 
Plumbing & Heating Co., 65 Ninth St., and 

• 64 Pearl St., Clintonville, Wis. 

QUEER, E. R.* (M 1938) Lt. Comdr., U.S. 

N.R., Navy Department, Bureau of Ships, 
Washington, D. C., and • 6707-26th St., N., 
Arlington, Va. 

QUIRK, Clinton H, (M 191$; J 1915) Sales 
Engr., Htg., Plbg. and Air Oond., • 465 
Front St., Hempstead, L, I., N. Y. 


R 

RABE, Albert JC. (M 1938) Manager, • Carrier 
Div., Armeo Industrial E Comercial S/A, 
Rio do Janeiro, Brazil. 

RARER, B. F.* (M 1037) Prof. Mech. Bngrg., 
Chairman, Dept* of Mech. Engrg,, • Uni- 
versity of California, 114 Engineering Bldg., 
Berkeley 4, and 1124 Arch St., Berkeley 8, 
Calif. 

RAINEY, Walton (M 1943) Industrial Engi- 
neer, John B. Stetson Co,, Fifth & Mont- 
gomery Av<^., and • 1327 E, LindenWood St,, 
Philadelphia, Pa. 

RAINGEK, Wallace F. (A 1930; J 1924) Jaros, 
Baum & BoHos, 416 Lexington Ave., New 
York 17, and • 441 Hawthorne Avo., Yonkers 
16, N, Y. 

RAINSON, Samuel J. (./ 1940) United States 
Navy Seabecfl, 2nd class P. O. Machinist 
Mate, and • 431$ Wickham Avo., Bronx 66, 
N. Y. 

RAISLER, Robert K. (M 1941 ; A 1933 ; J 1930) 
Treas,, * Raislcr Corp,, 129 Amsterdam Ave., 
and 38 East 85th St, New York, N. Y. 

RAMONEDA, Enrtciue (A 1944; J 1941) Engr., 

* Ing. Enriciue Ramoneda, Valladolid No. 26, 
Mexico, D. F., Mexico. 

RAMSEUR, Vardry D., Jr. (J 1940) Htg. 
Engr., Ramsour Roofing Oo„ Xnc., 863 W, 
McBce Ave., and ♦ 50 Woodvale Ave., Green- 
vilie, s. a 

RAND, Fred R. (M 1938) Sales Mgr., Enamel 
de Heating Products, Ltd., Main St, and 
« Sctvtiro St, Sackville, N. B., Canada. 

RANDALL, Robert D. (A 1980) Partner, • D. 
T. Randall it Co., 7310 Woodward Ave.* 404 
Blvd* Bldg,* Detroit 2, and 340 E. Grand 
Blvd.* Detroit 7, Mich. 

RANDALL, W. aiften* (M 1928) Chief Engr., 

• Detroit Steel Products Co., 2260 B. Grand 
Blvd., Detroit, and 770 Shirley Dr., Blrming- 
ham, Mich, 

RANDOLPH, Charles H. <M 19S0; Aim; 
J* 1926) Air Oond. Engr., Wisconsin Electric 
Power Co„ 231 W* Michigan St., and • 2086 
N* Prospect Ave., Milwaukee, Wis, 


RANDOLPH, Harold P.* (M 1940) Vice-Pres., 

• International Heater Co., 101 Park Ave., 
Utica 2, and 12 Woodlawn Ave., E., Utica, 
N. Y. 

RATHER* Maxwell P, (M 1919) Dist. Mgr., 

• Johnson Service Co., 28 Bast 29th St., 
New York, N. Y., and 40 W. Elm St, 
Greenwich, Conn. 

RAVEN, A. H. (M 1938) Htg. Engr., Wigman 
Co., 318 Perry St., and * 2119 George St., 
Sioux City, Iowa. 

RAY, George E. (J 1939) Elect. Mate, 2nd 
Class, U. S. Coast Guard, • 2019 Jefferson 
Ave., Toledo 2, and 24 West Ave., Elyria, 
Ohio. 

RAY, John A. (M 1942) Sales Engr., • W. B. 
Lewis & Co., 610 Thomas Bldg., and 6211 
Stoneleigh Ave., Dallas, Texas. 

RAY, Lewis B. (M 1932) Pres., • Ray Engi- 
neering Co., 830 Broad St., Newark, and 161 
Augusta St., Irvington, N. J. 

RAYMER, William P., Jr. (A 1936; J 1934) 
Htg.-Vtg. Engr., Wright Aeronautical Corp., 
132 Beckwith Ave., Paterson, and • 97 Les- 
sing Rd., West Orange, N. J. 

RAYMOND, Fred !.♦ (A 1929) Owner, • F. 1. 
Raymond Co., 629 W. Washington Blvd., 
Chicago, lU. 

RAYNIS, Theodore (A 1939; J 1934) Naval 
Archt., Navy Yard, Brooklyn, and • 68 Hill- 
top Dr., Manhasset, L. I„ N. Y. 

READER, Joseph T. (A 1938) Partner, « Kerr 
Machinery Co., 608 Kerr Bldg., and 8162 B. 
Jefferson Ave., Detroit, Mich. 

REARDON, John P. (A 1941) • Bt #3, Fourth 
& 0 St, David City, Nebr. 

REDRUP, Will D. {U 1936) Pres,, • The Ma- 
jestic Co., and 310 Randolph St., Hunting- 
ton, Ind. 

REDSTONE, A. L. {M 1981) Research Engr., 
Proctor & Schwartz, Seventh fit Tabor Rd., 
and • 1636 E. Duval, Philadelphia, Pa. 

REED, Frederick J. {M 1939) Asst. Prof . Mech. 
Engrg., • Duke University, 263 College Sta- 
tion, and 2203 Englewood Ave., Durham, N. G. 
REED, Stanley F. (J 1948) • Moran Towing 4b 
Transportation, 17 Battery PI., New York, 
and 2 West 16 St, New York 11, N. Y. 
REED, Van A-, Jr. {M 1930) Secy., • Federal 
Engineering Co., 239 Fourth Ave., Pitts- 
burgh, and 114 Water St, Elizabeth, Pa. 
REED, Virgil C. (M 1988) Mgr., • James 33, 
Pinkerton Co., 640 Natoma St., San Fran- 
cisco 3,* and 8117 Lakeview Way, Redwood 
City, Calif. 

REED, William H. (A 1938) Lt (jg) U.S. 
N.E., • E-(v) SSS, Terminal Island, San 
Pedro, Calif., and Dravo Corp., 802 Penn 
Ave., Pittsburgh, Pa. 

REESE, Henry L. (M 1923) Cons. Engr., • 18 
Woodland Rd., Wyomissing, and R, D, #4, 
“The Pines,” Coudersport P». 

REGER, Henry P. {M 1934) Pres., • H. P. 

Reger 41; Co., 1501 East 72nd PI., Chicago, lU. 

REICH, Julius G. (A 1941) Branch Mgr., 

• Holland h'umace Co., 725 E, Main St, and 
760 Hartshorn, Alliance, Ohio. 

REID, Henry P. (M 1981 ; A 1927) Asst to 
Pres., • Universal Atlas Cement Co., 136 
East 62nd St, New York 17, and 72 Mercer 
Ave., Hartsdalc, N. Y. 

REID, Herbert P. {A 1932) Partner, Htg. 

Dept., * Reid-Grafl! Co,, 1417 Peck St., and 
1562 Maffet, Muskegon Heights, Mich. 

RSyOP, AUati F. (M 1937) Col., U. S. Army, 

• 10 Livingston Pkwy., Snyder, and Pres., 
Reif-Rexoil, Inc., 37-48 Carroll St, Buffalo, 
N. Y, 

BEXF, Charles A. (M 1987) Vice-Pres., • Reif- 
RexoU, Inc,, 37 Carroll St, Buffalo 3, and 
77 Ruskin Rd., Eggertsville 21, N. Y. 
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REIFSCHNEIDER, Jake (A 1938) Maintenance 
Mgr.^ • Eppley Hotels Co., 1802 Dodge St., 
Omaha, Nebr. 

RE3LLY, Bertram B. (<7 1988) Engr., « Dravo 
Corp., Machinery DW., 300 Penn Ave., Pitts- 
burgh, and 220 Ridge Ave., Ben Avon, Pa. 

REILLY. J. Harry (M 1931 ; J 1929) Design 
Engr., Federal Shipbuilding & Dry Dock Co., 
744 Broad St., Newark, and *14 Watson 
Ave., East Orange, N. J. 

REILLY, Philip H„ Jr, (A 1941) Secy.-Treas., 

• Heating Equipment Co., 600 Indiana St., 
San Francisco, and 1321 Van Couver Ave., 
Burlingame, Calif. 

REINKE, Alfred G. {A 1940; J 1933) Secy., 
Gus Reinke Machinery & Tool Co., 385 Hill- 
side Ave., Hillside, and • 821 Park PI , Ir- 
vington, N. J. 

REINKE, Louis P. (A 1937) Owner, ♦ Reinke 
Sheet Metal Works, 634 S. Fifth St., and 
1586 W. Walker St., Milwaukee, Wis. 

REIS, Robert (A 1944; J 1939) Mech. Engr., 

• Wigton Abbott Corp., 1226 South Ave., and 
663 W. Eighth St., Plainfield. N. J. 

REISBERG, Lester K. (M 1942 ; A 1939) Vice- 
Pres., • Goodin Co., 616 N. Third St., and 
2724 N.E. Hayes St., Minneapolis, Minn. 

REPP, Harry L. (M 1922) Branch Mgr., • U. S. 
Radiator Corp., 402 Swetland Bldg., Cleve- 
land 16, and 14611 Clifton Blvd., Lakewood, 
Ohio. 

RESCH, Roy J. (A 1940) Pres., • McQuay, 
Inc., 1600 Broadway, N.E., Minneapolis, 
Minn* 

REfTTEW, Harvey F. (M 1929) Chief Engr, 
Board of Education, 21st & Pkwy., and • 4912 
Osage Ave., Philadelphia, Pa. 

REX, Harland E. (M 1942; J 1930) • Carrier 
Corp., 20 N. Wacker Dr., Chicago 6, and 
7255 W. Greenleaf Ave., Chicago 81, 111. 

REYNOLDS, Thurlow W. (M 1922) Consulting 
Engr., • 100 Pinecrest Dr., Hastings-on-Hud- 
son, N. y. 

REYNOLDS, W. V. (A 1928) Pres., • Walter 
Reynolds, Inc., 861 Third Ave., New York, 
and 80 Boulevard, Scarsdale, N. Y. 

RHEAULT, Walter E. (M 1942) Capt, U. S. 
Army, • C. of E., 325th Engr. C Bn., A. P. O. 
447, Nashville, Tenn., and 2246 Orchard St., 
Racine, Wis. 

RHINE, George R. (A 1938) MajoiN-Army— 
Overseas Duty, and • Box 463, Columbus, 
Texas. 

RHOTON, W. R. (M 1936) Pres., The W. R. 
Bhoton Co., and • 1728 Lee Rd., Cleveland 
Heights, Ohio. 

RICE, C. J. (A 1928) Pres., Sterling, Inc., 
3738 N. Holton St., and * 826 E. Donges Rd., 
Milwaukee 11, Wis. 

RICE, Robert B. (M 1934) Exec* Officer, Mech. 
Engrg. D'ept., Dir., Naval Diesel School, 

• North Carolina State College, State Col- 
lege Station, and 2710 Anderson Dr., Raleigh, 
N. G. 

RICHARD, Edwin J. (M 1938) Mgr., • Richard 
Equipment Co-, 2137 Reading Rd.. Cincin- 
nati 2, and 8147 Victoria Ave., Cincinnati, 
Ohio. 

RICHARDS, Guy H. (A 1939) 1st Lt., Corps 
of Engineers, U S. Army, A. P. O. 947, 
Utilities Section, c/o Postmaster, Seattle, 
Wash , and • 7230 S. First Ave., Birming- 
ham, Ala. 

RICHARDS, Leslie V. (M 1941 ; A 1940) 
Owner-Mgr., • Richards Oil Burner Sales & 
Service, 97 Lawrence St., Malden, Mass. 

RICHARDSON, Frank C., Jr. {M 1943) Sr. 
M^h. Engt:., Applied Physics Laboratory of 
Johns Hopkins University, 8621 Georgia Ave., 
and • 1904 Grace Church Rd., Silver Spring, 
Md. 


RICHARDSON, Henry G. (M 1934) Pres., Wil- 
liams-Richardson Co., and * 1438 Harvard 
Ave., Salt Lake City, Utah. 

RICHARDSON, Robert D. (J 1938) Active Ser- 
vice, Bombardier Royal Regiment Artillery, 
and • 86 Silhill Hall Rd . Solihull, Birming- 
ham, England. 

RICHARDSON, Walter A. (J 1942) Engr., In 
charge of Htg. Dept., Thorn & Hoddle, Ltd., 
151 Victoria St., and *118 Mashiters Walk, 
Romford, Essex, England. 

RICHMOND, K. C.* (M 1948) Editor, Coal- 
Heat (Magazine), 20 W. Jackson Blvd., Chi- 
cago, and • 846 Park Ave., River Forest, HI. 

RIDLEY, Walter H. (Af 1989) Industrial Spe- 
cialist, War Production Board, Lowell, and 

• 22 Westford St., Chelmsford, Mass. 

RIES, Lester S. (M 1929) Supt , Dept, of 

Bldgs, and Ground, • Oberlin College, 32 E. 
College St., Oberlin, Ohio. 

RIESECK, Wilbert L, (J 1948 ; -ST 1941) Lt., 
Corps of Engineers, U. S. Army, and * C/o 
W, P. Rieseck, 3763 East St., Pittsburgh, Pa. 

RIESMBYER, Edward H., Jr. (.1 1936 , J 1930) 
Htg. Engr., • Schaffer Heating Co , 231-33 
Water St, Pittsburgh 22, and 4702 Stanton 
Ave., Pittsburgh 1, Pa. 

RIETZ, Elmer W., (M 1923) Mgr., Specialty 
Div., • The Powers Regulator Co , 2720 

Greenview Ave , Chicago, and 2260 S. Sheri- 
dan Rd., Highland Park, 111, 

.RILEY, John N. (M 1942) Lt. (jg) E-V Is). 
U.S.N.R., c/o Supervisor of Shipbuilding, 
U.S.N., Willamette Iron & Steel Coip , ant! 

• 4327 S.E. Ash St., Portland, Ore. 

RINK, Charles N. (M 1942) Dir., Engrg., De- 
sign, and Research, McQuay, Inc., 1600 
Broadway, N.E , and • 4802 Emerson Ave , 
S , Minneapolis, Minn. 

RISLEY, George H. (A 1941) Mgr., • Cole 
Draft Governor Co., 616 S.W. Oak St., Port- 
land 4, and Rt. 10, Box 882, Milwaukee, Ore. 

RITCHIE, A. G. (M 1933) Pres., • John Ritohie, 
Ltd., 102 Adelaide St, E., and 41 Garfield 
Ave., Toronto, Ont, Canada. 

RITCHIE, Edmund J. (M 1923) Vice-Pres., 
Sales,, Sarco Co., Inc., 475 Fifth Avo., New 
York, and • 2 Grace Court, Brooklyn, N. Y. 

RITTELMEYER, John M. 1941) • Rittie- 
meyer & Co., 816 Bona Alley Bldg., AUunta 
3, and 2332 Woodward Way, N.W., Atlanta, 
Ga. 


RITTENHOUSE, Owen R. (J 1913; 3 1941) 
Foreman, Inspection Dopt , Saginaw Steer- 
ing Gear Div., General Motors Corp., Plant 
2, Holmes St, and • 1008 Court St., Saginaw, 
Mich. 

RITTER, Arthur (M 1911) Mgr., N. Y. Utiire, 

• American Blower Corp., 60 West 4Uth St., 
New York 32, and Chateau Champlain, #3N, 
Scarsdale, N. Y. 

RIVARD, M. M. (M 1936) Mgr., Rivard Sales 
Co., 208 Alameda Rd., and • 1805 49th 
Terr,, Kansas City 2, Mo. 

ROACH, E. R. {A 1941) Htg. and Vtg. Engr,, 
Engineer Board, Ft. Bel voir, and • 724 S. St. 
Asaph St., Apt 104-A, Alexandria, Va. 
ROBB, Joseph E. (A 1936) Sales Engr., Min- 
neapolis-Honeywcll Regulator Co., 27D3 
Fourth Ave., S„ MinneapoliH, Mitm., and 

• 1717 Illinois St, Lawrence, Kan, 

ROBERTS, Edward F., Jr. (A 1042; J 1030) 

Partner-Gen. Mgr., • Edward F. Roberts Co., 
2622 Columbia Ave., Philadelphia, and 435 
Righters Mill Rd., Penn Valiev, Pa, 
ROBERTS, Harry H, (A 1944; J 1041) Naval 
Archt, U. S. Maritime CommisMou, 348 
Baronne St, and • 7444 St. Charles .Vve., 
Apt. 2-P, New Orleans, La. 

ROBERTS, Henry L. {M 1936) • 22« North 
36th St, Philadelphia, and 1014 Allntoa Rd„ 
Brookline, Del. Co„ (Upper Darby 0.;, 
Pa. 
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KOHICRTS, Henry V. \A I'Oiti) o7;i20U0X, 
H & IJ. Co ]2()7 l':nKr. iGS.) Rofsl , Camp 
Claib<frm‘, Lu , and • ;1M2 W. Lake Calhoun 
l!VIinn«‘ai)olui, Minn 

aOBKRTSO*V. Archie M. (/V/ 1914) Chief 

Kiutr., • Stewait A Jellett Co , 1200 Locust 
St,, and 7314 Itryan St , Philadelphia, 

ROBERTSON. J, A. M. i.t 1030) Vice-Pres , 
• The dame^ Robertson Cti., I, Id., 010 Wil- 
liam St„ Montreal, uiid lOO Siinnyside Avc , 
Westmount, One., Canada, 

ROBERTSON, John IK W. i I 1043) Knj;r. and 
Kudtl Snpr., Consolulutod (hinditionmt? Corn , 
45G S, Tenth Ave., Mt. Vernon, and • 000 
Ea.«t 212nd St,, New York GO, N. Y. 

ROBIN, Richard ('. t I 1041) Section Leader, 
(Jenenil Eleolrie Co.. 020 Western Ave , 
Lynn, and^Hartfoid St, Natick, Mass. 

ROBINSON, Arthur S. lA/ 1036) Rujitr., E. 1, 
duPont de Nemoiirw Co , WiImit 4 »ton, Del., 
and *730 Ovtden Ave., Swarthrnore, Pa. 

ROBINSON, (daude A, t,l 1043) Owner, Kob- 
inaon Radiant Heat, ISOOl (irand River Ave,, 
and • 11G3H Snuthlleid Rd., Detroit, Mieh. 

ROBINSON, Donald M, td tOOGj ♦ BuRalo 
ForKc C'o*. 512 Woodward Bldjr , Wa«hinj 5 - 
ton, D, C., unit 5500 Lambeth Rd., Bethesda, 
Md. 

ROBINSON, Kdaar R, cl lo:kS) Sr. Drafts- 
man, VUt. and Htfr., New York Shipbuildint: 
Ourp., Camden, and * 216 Carlton Ave., Weat- 
niiint, N. J. 


ROBINSON, George L. {A 1035) DeaiKner, 
E. L duPont de Nimumra Co , and • 14 West 
i)5lh St.. Wdmintfton, Del, 

ROBINSON, Jack A. t.l 11)40; ,f li)36) Emtr., 

• J. A. Robinson & AvHO(dut<>a, 252 Geortre 
St., Sydney. Auhtrulia. 

ROBINSON. Kenneth R. (M 1043; J 1941) 
Eintr,, Michigran Deiiartment of Health, Bu- 
reau of IndUHlrial Hygiene, and • 211 Smith 
Ave., Lnnsittt; in, Mich. 

ROCHE. Austin O., Jr. U! 1043) M).';r. of 
HoiTinan Specialty Company, 1001 York 
St., and * 3950 Broadway, IniUanapoJih, Ind. 
ROCK. fSeurge A. 1937) Chief Navy In- 
spector, • Bureau of Yards A Docks, U. S, 
Navy, e'o Ollleer in Chartre, Cherry Point, 
and 423 Spencer Ave„ New Born, N. C, 
ROCKWELL. Theo. E- (M 1933; ./ 1932) Asst. 
Prof. Meeh. Enier^,, * CarnOKic Inatitute of 
T<f*ehnoloKy, Sehenley Park, Pitt»bur«:h, and 
(Benovej- Place, Aopinwall, Pittsburffh 15, Pu. 
RODEE. E. J, (M 1986) U., U.S.N.R., Omco 
of Supvr. of SUlpbuihhnK, Bethlehem Stwl 
CorpM and • IH Sanumet Ave., Quincy, Mass. 
RODKFEEK. Fkigar W. i.l 1941) U. S. Army, 
ami • U6H 7tdh St., Los Anirclw, Calif. 
RO0BNHEISKR. (ieerae B, {M 1983) Asst. 
Dir.. • David Kawken, Jr., School of MtHjhani- 
cal Trttd**>t, 4431 Finney Ave,, St. Louis 13, 
und 863S)tt Dover Plaee, St, Louis* 16, Mo, 
RODGERS. Frederick A. < 1 1934) Prw., Hod- 
tteni Enifinwritut Co., 297 Thomaa Bldit., and 

♦ 3913 Amherrtl, Dallas, Texuh. 

R0IK;RRS, Joseph S. (.1 1937; ,/ 1934) AH.soe. 

Meeh. Etufr., Navnl Academy, U.S.N.. An- 
naiHillH, und • 19 Kotir-th Ave*, S., Glen 
Burnle, Md, 

ROEBDCK. Witllam. Jr. <Af Il)l7) Owner, * 229 
Delaware Ave.. Buifalo 2, and 1249 Delaware 
Ave,, Butt’ahi, N. Y, 

ROKDKR. Winfteld lA/ 1941) Branch M>er.. 
e American Blower Corp., 405 Temple bt.. 
New Haven U, and 4H4 Whitney Ave.. New 
Haven. Conn. 

HOGERH. Charles S- (-1 1949} Lt (ig) D.S. 
N.R,. A»«t. to Inspector of Naval Material, 

# 275 Cedman Bldg., Seattle 4, and 9U46 Uth 
Ave,, N.K. Seattle 5, Wash. 


KONSICK, Edward H. (M 1937) Industnal 
Engr., • The St Louis County Gas Co , 231 
W. Lockwood Ave., Webster Groves 19, and 
7739 Stanford, TJniversity City 5, Mo. 

ROOT, Edwin B. (M 1936) Superior Safety 
Furnace Pipe Co., 5816-44 Forsythe Ave., 
Detioit, and • 964 Pierce St , Biimingham, 
Mich. 

ROPER, Richard P. (A 1940) U S Army, 
Oamp Maxey, Texas, and Pre.s., • Pleasantaire 
Corporation of America, Tower Bldg., Wa.sh- 
inpton 5, D C. 

ROSAS, Milton L. (J 1941) Sales Engr., *514 
Wesley Temple Bldg., Minneapolis, and 139 
E Congress, St. Paul 7, Minn 

ROSE, Harold J.^ {M 1938) Vice-Pres., in 
Charge of Research, • Anthracite Industries, 
Inc., Mellon Institute, and 219 Lytton Ave , 
Pittsburgh 13, Pa. 

ROSE, Howard J. (M 1934) Pres -Gen. Mgr., 
Oonsolidateil Conditioning Corp., 460 S. Tenth 
Ave., Mt. Vernon, and • 100 Norman Rd , 
New Rochelle, N. Y. 

ROSE, Jerome C. (M 1937) Htg. and Vtg. En- 
gineer, U. S. Rubber Co., 1230 Sixth Ave., 
New York, and • 80;ll 213th St , Hollis, L. I., 
N. Y. 

ROSBBROUGH, J, Stoddard (M 1943 ; A 1937) 
Sales Bngr., L. J. Mueller Furnace Co., 2920 
Washington Ave., St. Louis 3, and • 6937 
McPherson Ave., St Louis 12, Mo. 

ROSEBROUGH, Robert McC. (Af 1920) Branch 
Mgr.. • L. J. Mueller Furnace Co, 2920 
Wa.shington Ave , St. Louis 3, and 332 Bom- 
part Ave., Webster Groves 19, Mo. 

ROSEBY, Thomas A. (A/ 1939) Chief Design 
Engr., • Air Conditioning Engineers, York- 
shire House, 14 Spring SL, Box 161D, G.P.O., 
unci 4 Fernhurst Ave , Cremorno, N.S.W,, 
Sydney, Australia. 

ROSELL, Axel P. (M 1935) Civil Engr., • A.- 
B. Svenska Plaktfabnken, Kungsgatan 18, 
und Kammakaregatan 25, Stockholm, Sweden. 

ROSEN, Edmond J. (A 1939) Tech. Engr , 

• Merrill N Musgrave & Co., 2019 Third 
Ave., Seattle 1, and 1736 Belmont Ave., 
Seattle 22, Wash. 

ROSENBERG, Irwin (J 1942 ; S 1989) Asst. 
Naval Archt., Norfolk Navy Yard, and • 713 
High Si., Apt. 2, Portsmouth, Va 

ROSENBERG, Philip (A 1928) Secy-Treas,. 
Universal Fixture Corp , 136 West 23rd St., 
and • 240 West 98th St.. New York, N. Y. 

ROSENBLATT, Arthur M. (M 1988) Pres., 

• Rosenblatt & Hunt, Inc , 923 Virginia St., 
K., F. 0. Box 33, and 1260 Edgewood Dr., 
Charles Lon, Va. 

ROSER, Edward, III (A 1944; J 1943) Air 
Oond. and Refrig. Engr., U. S. Engineers, 
Fort Leavenworth, and • 318 North 20th St., 
Leavenworth, Kan. 

ROSS, David S. iS 1941) Student, • Carnegie 
Institute of Technoloffy, 4929 Forbes St., 
Pittsburgh, Pa., and 1131 West 22nd St., 
Lorain, Ohio, 

ROSS, J- D. (A 1937) • Railway & Engineer- 
ing Specialties, Ltd., 417 St, Peter St., and 
4370 Kurnsi'liire Ave., Montreal, Que , Can- 
ada 

ROSS, John 0." (M 1920) Pres,, • Ro.ss Indus- 
tries Corp., 350 Madison Ave., New York 17, 
and 3 Plast 69th St.. New York 21, N. Y. 

ROSS, Otto C. (M 1944) Prop., • Ross Power 
Equiiiment Co., 31 K* Georgia St., and 616 
East 44th St., Indianapolis, Ind. 

ROSS, Roderick (M 1987) • Roderick Ross & 
Traill, Consulting IQngr., Nicholas Bldg., 
37 Swanston St., Melbourne, C,-l, and 5 
Buuns St, Blwood, Melbourne, S. 3, Aus- 
tralia. 

ROSSITBR, I. J* (A 1939) Capt, Air Corps, 
U, S. Army, • Lincoln Air Base, Box 26, and 
2B1B Worthington Ave., Lincoln, Nebr. 
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ROTH, Charles F, (.1 1930) Pres., * Inter* 
national Exposition Co., Grand Central Pal- 
ace, New York 17, and 141 East 36th Si., 
New York, N. Y. 

ROTH, Harold R. (M 1936) Dist. Mgr.. 

• Canadian Sirocco Co., Ltd., 57 Bloor St., 
W., and 5 Castleview, Toronto, Ont., Canada. 

ROTHMAN, S. C. (M 1986) Capt., Sn. C., 
Ind. Htg. Engr., Officer, 2nd S.C. A.S.F., 

• 2nd S. C. Laboratory, U. S. Army, Rm. 
1318x, 90. Church St., New York 7, and 216 
East 17th St., New York, N. Y. 

ROTTMAYER, Samuel I. (A 1933; J 1928) 
Mech. Engr., • Samuel R. Lewis, Cons. Engr., 
407 S. Dearborn St., and 8830 S. Lafiin St., 
Chicago, 111. 

ROTZ, J. M:, {M 1918) Owner, • J. M. Rotz 
Engineering Co., 804 Merchants Bank Bldg., 
and R.R. 16, Box 449, Indianapolis, Ind. 
ROWE, Wmiarn A.* (M 1921) (Council 1929- 
31) Mech. Engr., • The Trane Co., LaCrosse, 
Wis., and 718 Longfellow Ave., Detroit, 
Mich. 

ROWE, William M. (A 1944; J 1936) Field 
Engr., • American Blower Corp., 1802 Swet- 
land Bldg., Cleveland 15, and 151 Bradley 
Ave., Chagrin Falls, Ohio. 

ROWLEY, Frank B.* (M 1918) (Presidential 
Member) (Pres.* 1982; let Vice-Pres., 1931; 
2nd Vice-Pres., 1930 ; Council, 1927-83) Prof., 
University of Minnesota, and • Excelsior, 
Minn. 

ROWLEY, Robert K. (S 1941) Student, Uni- 
versity of Minnesota, Minneapolis, and • Ex- 
celsior, Minn. 

ROY, Leo (A 1937) Asst. Supt., Power Div., 

• Quebec Powei Co., 229 St, Joseph St, and 
41 Laurentides, Quebec, P. Q., Canada. 

RUBEL, Harry L. (A 1943) Owner, • Rubel & 
Jensen Co., 587 Central Ave., Newark, and 
33 S. Munn Ave., East Orange, N. J. 
RUCHTE, Carl O. (A 1943) State Fuel Ration- 
ing Officer, O.P.A., Kresge Bldg., 16th & 
Harney St, and • 5035 Bedford Ave., Omaha, 
Nebr. 

RUDD, Dann J. (M 1937) Asst Mech. Engr., 
New York City Board of Education, 49 Flat- 
bush Ave. Ext., Brooklyn, and * 680 Dear 
Park Ave., Babylon, L. I., N. Y. 

RUDOLPH, R, R. (M 1948) Engrg. P. & I. 
Analyst War Production Board, Region XIH, 
Wbite-Henry-Stuart Bldg., 1388 Fourth Ave., 
Seattle 1, and • 4618 Willow St, Seattle 8, 
Wash. 

RUEMMELE, Albert M. (A 1943 ; J 1938) 1st 
Lt., • Ord. Dept., Hqs. P.R. Department, O 
of Asst, C of S, G-4, San Juan, Puerto 
Rico, and Ashley, N. D. 

RUFF, Adolph G. (M 1985) Supt. of Power. 
U. S. Playing Card Co., Park Ave., Nor- 
wood, and • 3824 Woodford Rd., Cincinnati, 
Ohio. 

RUPP. D. W. C. (M 1922) Treas., • Healy-Ruflf 
Co., 2266 University Ave., St Paul 4, and 
2211 St. Clair Ave., St Paul, Minn, 
RUGART, Karl (A 1924) Mfra, Repr., • 26 
South 20th St, Philadelphia 3, and 612 Bryn 
Mawr Ave., Penn Valley, Narberth P. 0., Pa. 
RUGGLES, Robert P. (M 1936 ; A 1927 ; J 1926) 
New York Mgr., • The Herman Nelson Corp., 

2 Rector St, New York, and 16 Gregg Place, 
Randall Manor. Staten Island, N, Y. 
RUMBOLD, Allan H« (M 1941) Pres,, • Rum- 
bold & Co., Inc., Rm. 429 Peachtree SI., 
Atlanta, and Norcross, Ca. 

RUMMEL, Adolph J.* (M 1937) Sales Engr. & 
Mfrs. Repr., • Langhammei -Rummel Co., 436 
Main Ave., and 236 North Dr., San Antonio, 
Texas. 

ft^CJB^ET, John L. (M 1941) Chief Engr., 

* Macnsons, 151 Tehama St . San Francisco, 
and Belvedere, Marin Co., Calif. 


RUNNINGS, Henry M. (M 1943) Registered 
Engr., Detroit Board of Education, 1364 
Broadway, and ♦ 4729 Vermont Ave,, Detroit, 
Mich. 

RUSSELL, Boyd A. (A 1941) • 10210 Pierce 
Dr., Silver Spring, Md. 

RUSSELL, Edward A, (M 1986) Chief Engr., 
Vapor Car Heating Co., Inc., 1600 S. 1^- 
bourn Ave., and • 8103 Dorchester Ave., Chi- 
cago, m. 

RUSSELL, J. Nelson (Life Member i M 1899) 
Director, Rosser & Russell, Ltd., 30 Conduit 
St, London W. I, and • Fernacres, Fulmer 
near Slough, Buckinghamshire, England. 

RUSSELL, W. A. (M 1921) (Council, 1934-89 ; 
1941-43) Southwestern Zone Mgr., • Hoffman 
Specialty Co., 1229 Union Ave., and 444 West 
68th St., Kansas City, Mo. 

RUSSELL. W. A. (M 1948; A 1925) Sales 
Mgr., • Skinner Heating & Ventilating Co., 
1948 N. Ninth St, St. Louis 6, and 7918 
Kingsbury, St. Louis 5, Mo. 

RYAN, Harold J. (M 1940) Pres.-Treas., 

• Harold J. Ryan, Inc., 101 Park Ave., New 
York 17, and 461-81st St., Brooklyn, N. Y. 

RYAN, Joseph B. (M 1938) Engr., U. S. Engi- 
neering Co., 914 Campbell St, and • 3860 
Charlotte Ave., Kansas City, Mo. 

RYAN, William P. (M 1940 ; A 1939 ; J 1933) 
Chief Engr., The Salina Supply Co., 302-304 
N. Santa Fe., and ♦ 310 W. Republic, Salina, 
Kan. 

RYBOLT, Arthur L. (A 1938) Gen. Mgr., • The 
Rybolt Heater Co., Miller St, and 76 Samari- 
tan Ave., Ashland, Ohio. 

RYERSON, Herbert E. (M 1937) Exec Engr., 

• Cardox Corp., 634 Munsey Bldg., Wash- 
ington 4, D C., and 18 Wes.sex Rd., Silver 
Spring, Md, 


SABIN, Edward B. (M 1919) Prer.., • E. R. 
Sabin & Co.. 4710 Market St , Philadelphia, 
Pa., and 206 Page Ave, Allenhurst, N. J. 
SABLE, Edward J. (M 1939) Vice-Pres. and 
Treas., • The F. O. Murphy Co., 25-27 K. 
College St, and 246 W. Lorain St, Oberlin, 
Ohio. 

SACHS, Sam-'’ (J 1940) Research Asat, in 
Mech. Engrg, University of Illinois, 213 
Mech. Engrg. Lab., Urbana, and • 316 S. 
Central Park, Chicago, 111. 

SADLER, C. Boone (M 1928) Civil Engr,, 
• Public Works Office, 11th Naval Di.st., and 
4828 Orchard Ave., San Diego, Calif. 
Si^NGER, Lester W. (J 1941) Asat Plant 
Engr., National Bearing Metals Corp., 4930 
Manchester Ave., and • 6640 Milentz. St 
Louis 9, Mo. » . 

SAGINOB, S. V. (iW 1939) Gen, Mgr,, Davey 
Compressor Co., 260 N. Water St, and * 308 
Highland Ave., Kent, Ohio. 

SALE, Francis B. (A 1989) Sales Engr., Pre- 
ferred Utilities Manufacturing Corp., 1860 
Broadway, New York 23, N, Y., and • 2032 
Belmont Rd., N.W., Washington 9, I). 0. 
SALTER, Stanton W. (M i<)42) Sale.s Engr.. 
Engineering Equipment Co., Ltd., 620 Cath- 
cart St, Montreal, and* J53 Hillcre>.t. Ave., 
Montreal W., Que., Canada. 

SjU^ZER, Alfred R., Jr. (J 1940) Mech. Engr., 
Government Construction, and * 1923 N. Olui- 
borne Ave., New Orleans, La. 

A«»u«n- 

* '^^^**'** Asbestos Co,, Ltd., 110 
McGill St. Montreal, and 28 Finchley Rd., 
Hampstead, Que., Canada. 

S^UELS, Sidney {M 1941; A 1928; ./ 1926) 
Pres., • Sidney Samuels, Iuc„ 140 West 90th 
St., and 245 West 107th St, New York 
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SANBERN, E. N.+ (M 1923) Asst. Secy , Hoff- 
man Specialty Co., Inc., 1001 York St., and 
BOOT Boulevard PI., Indianapolis, Ind. 

SANDER, Andy J. 1941) Engi*., * Chicago 
Master Steamfitteis Assn , 228 N. LaSalle, 
and 7401 Kingston Ave., Chicago, 111. 

SANDERS, Charles M., Jr. (J 1938) Lt , A^st. 
Signal Officer, • Signal Corps, U. S. Anry, 
Signal Section, 5th Sub-Depot, Baer Field, 
Ft. Wayne, Ind. 

SANDFORT, John F. (M 1942; J 1938) Capt., 
U. S. Army, 303d FA Bn, A. P. 0. 445, 
c/o Postmaster, Shreveport, La. 

SANFORD, A. L. (M 191B) Mech. Engr., C. H. 
Johnston, Archts. & Engrs., 715 Empire 
Bank Bldg., St. Paul 1, and • 1037 Davem 
St., St. Paul 5, Minn. 

SANFORD, Sterling S. (M 1930) Htg., Vtg. 
and Air Cond. Engr , ♦ The Detroit Edison 
Co., 2000 Second Ave., Detroit 26, and 1503 
Seyburn Ave., Detroit 14, Mich. 

SAPP, Charles L. (A 1936) Sales Mgr., Farqu- 
har Furnace Co , 150 Owens Ave , and • 620 
N. Walnut St., Wilmington, Ohio. 

SATLOW, Abraham (.1 1944; J 1941) Design- 
ing Draftsman, Semet-Solvav, 40 Rector St., 
New York, and • 68-02 Utopia Pkwy., Flush- 
ing. r.. I , N. Y 

SATTERLKE, H. A. (.4 1944. ./ 1940) Oapt., 
0905310, 3r>271h Ordnance, M.A.M. Co., APO 
9492, c 'o Pohtmostor, New York, N. Y. 

SAUNDERS, Douglas 13. ( 4 194.3) Estimator 
and Supvr., • John Plaxton Co., Ltd., 244 
Main St., and 296 War.saw Ave., Winnipeg, 
Man., Canada. 

SAUNDERS. Lawrence P, (.1/ 1933) (Council, 
1941-43) Chief Engr., Research Engrg., 

• Harrihon Radiator Div., Oeneral Motois 
Vnrp.t and Tuscarora Club, Lockport, N. Y. 

SAURWEIN, Geo. K. (Af 1988) Major, Ord- 
nance, U.S.A., Plant Engr., Watertown Ar- 
senal, Watertown, and • 247 Slade St , 
nelmoni, Mass, 

SAWDON, Will M.* (Life Memht'r; A/ 1920) 
Prof, of Experimental Engrg., • Cornell Uni- 
versity, College of Engrg., and 1018 E. State 
St., Ithaca, N, Y. 

SAWHILL, R. V. (.4 1929) ♦ Domestic Engi- 
neering Co,, 110 East 42nd St., Now York 17, 
and 116 Townsend Ave., Pelham Manor, N. Y. 

SAWYER, Howard C. (A 1942) Owner, Sawyer 
Heating Co., 16896 Lahsor Rd., and • 14217 
Mctlctal, Detioit, Mich. 

SAXON, Ruben B. (M 1941) Asst, Operating 
Supt., Univei’sity of Nebraska, College of 
Medicine, 42 & Dewey Ave., and * 4215 Pine 
St„ Omaha, Nebr. 

SCANDRETT, Harold E. (M 1941) Kstimatoi, 

* Pacific Gas & Electric Co., 445 Sutter St,, 
San Francisco 6, and 468 17th Ave., San 
Francisco 21, Calif. 

StmD, Clifford A. <,1 1938. ./ 1937) Engr., 
United States Air Conditioning Corp., 2101 
N.E. KeniKKly St., and • 4425-43r(l Ave., S., 
Minneapolis, Minn- 

SCHAPBR, Harry C. (.1/ 1937) Sales Mgr., 
Jrociuoia Gas (Jorp,, 45 Church St., Buffalo, 
and • 197 Union St., Hamburg, N. Y, 

SCHAMPEL, Howard a (A 1943) Supt., • AI 
Johnson Coiistniction Co., 19 Rector St., 
New York, N. Y„ and UG7 N. Chats worth 
St., SL Paul, Minn. 

SCHAUER, Robert A. f.1 1944; ,/ 1942) Htg. 
and Air Cond. Engr., ♦ Westinghoiwo Elec- 
tric & Manufacturing Co., Raff Rd., S.W., 
UanDm 1, an<l 3206 Engle I"!., »S,W,, Canton 
6, Ohio. 

SCJaECHTER. Jack E. (A 1941 ; J 1937) Lt., 
U.a.N., and * 733 Howard Ave., Brooklyn 12. 
N. Y. 


SCHBIDECKER. Daniel B. (A 1919) Pres., 

• Hunter-Clark Ventilating System Co., 2800 
Cottage Grove Ave., Chicago 16, and 4626 N. 
Kilbourn Ave, Chicago 30, 111. 

SCHERGER. Fred J. (A 1942) Sales Engr., 

• Mundet Cork Corp., 335 W. Jefferson Ave., 
Detroit 26, and 3764 Kipling, Berkley, Mich. 

SCHERNBECK, Fred H. (A 1980) Salesman, 

• William Bros. Boiler & Manufacturing 
Co., 1067 Tenth Ave., S.E , and 6045 Port- 
land Ave., Minneapolis, Minn 

SCHLICHTING, Walter G. (M 1932) Mgr., Air 
Cond. Dept., Clarage Fan Co., North & Por- 
ter Sts., Kalamazoo 16, and • 224 Fletcher 
Ave., Kalamazoo 51, Mich. , « . ^ 

SCHLICK, Paul F. (A 1940) Colonel, CAC, 
U. S. Army, • Camp Haan, 2l6th Coast Ar- 
tillery, San Francisco, Calif., and 1410 Edg- 
cumbe Rd., St. Paul, Minn. _ . 

SCHMIDT, Alexander F. (M 1943) Designer, 
Air Cond., Engineering Dept., Ag^ Apeo, 
Charles St., and * 174 Crary Ave., Bingham- 
ton, N, Y. „ ^ J 

SCHMIDT, Harry (Af 1937) Engr., Air Cond. 
and Commercial Refrig. Dept^ General Elec- 
tric Co., 5 Lawrence St., Bloomfield, and 

• 57 Elm Rd., Caldwell, N. J. 

SCHNEEBERG. Floyd H. (J 1943) Sgt., U. S. 

Army, and • 764 Orange Ave., St. Paul, 
Minn. ^ ^ , 

SCHNEIDER, Charles H. (./ 

Mgr., • Ilg Electric Ventilating Co., 706 Pro- 
fessional Bldg., Pittsburgh 22. and 1433 Park 
Blvd, Dormont 16, Pittsburgh, Pa, 
StlHNEIDEE, B. W. (A 1944) Owner. Airflow 
Heating & Ventilating Co., and • 1827 S 

Dupre St., New Orleans. La. ^ ^ 

SCHNELL, Robert H. (/I 1938) ,Me<*h. Drafts- 
mnn. XT. S. Rubber Oo., Des MoinevS Ordnanre 
Plant, and* 1617 33rd St, Pea Moines 11, 
Iowa. , _ 

SCHOEN. Daniel D. (J 1942) Mech. Engr.. 
New York Navy Yard, Brooklyn, and *2(2 
S. Broadway, Yonkors, N. Y. 
SCHOENIJAHN, Robert P. (M 1919) Owner, 

• 303-305 Industrial Trust Bldg., Wilmington 
7 and 719 Nottingham Ed., Wilmington 66, 
I>el. 

SCHOEPFLIN. F. H. (A/ 1920) Pres.. • Niagara 
Blower Co., 6 East 45th St., New York, and 
91 Valley Rd., Larchmont, N. Y. 
SCHOERNER. Rudolph T. (M 1943) Chief 
Engr. and Prod. Mgr., • Taco Hwtew, Inc., 
123 South St., Providence, and 48 Fairway 
Dr., Oaklawn, B. I. « , 

SCHREIBER, Herbert W. 

Mgr., • Johnson Service Co., 607 B. Michigan 
SU, Milwaukee 2, end 6187 Washington Cir- 
cle, Milwaukee 13, Wis. 

SCHROBDEBf Delman B. (A 1948) Su^eyor 
to The American Bureau of Shipping, KocKe- 
f oiler Bldg., Cleveland 13, and • Apt, 2D, 
Victory Dr., Hamilton, Ohio. 

SCHROEDER, William R* (A 1939) Pvt., 346th 
Infantry, Camp McKain, Miss., and • 201 
Kedzie, W., Evanston, 111. ^ 

SCHROTH, August H. (Life MemUr;M 19U) 
N. Y. Mgr., Columbia 
Park Ave., New York, N. Y-* and • 1^ N. 
Grove St., P. O. Box 47, East Orange, N. J. 
SCHUBERT, Arno G. (M 1939) Asst. Prof. 
Mech. Engrg., Rensselaer Polytechnic Insti- 
tute, Troy, and • 1301 Broadway, WalervHet, 

StlHUETZ, Clyde C. (A 1936) 

United States Gypfaunr Co., 1263 Divetjey 
Pkwy., Chi<*ago, and • 206 S. Edward St., 
Mt. Prospect, 111. ^ ^ 

SCHULEIN, Lars E, (A 1942) Sales Repr.^, 
• 431 S. Dearborn St„ Chicago 6, and 61 * 
South 23rd Ave., Bellwood, 111. 
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SCHULTZ, Albert W. (M 1936) Engr.. • Grin- 
nell Co., Inc , 240 Seventh Ave., S., Mm- 
neapolis 15, and 5204 France Ave., S., Min- 
neapolis 10, Minn. 

SCHULTZ, Stewart F. (A 1938) Enjrr., Htg. 
and Vtg , • Fisher Cleveland Aircraft Divi- 
sion, Riverside Dr , Cleveland, and 24224 
Russell Rd., Bay Village, Ohio. 

SCHULZ, Edward L. (A 1943 ; J 1937) Engr., 
• Carrier Corp., and 717 Salt Springs Rd., 
Syracuse, N. Y. 

SCHULZ, Howard I. (A 1916) Mgr.* • Crane 
Co., 1223 W. Broad St., and 1600 Monument 
Ave., Richmond, Va. 

SCHULZE, Ben H. {M 1921) Eastern and Gov- 
ernment Sales Mgr., • Kewanee Boiler Corp., 
214 Burr Bldg., Washington, D. C., and R. D. 
1, Pipers ville. Pa. 

SCHUMACHER, Clarence W. (M 1943) Mech. 
Engr., Post Engr., 832nd AAF Specialized 
Supply Depot, and • 1422 Eden Court, To- 
peka, Kan. 

SCHURMAN, John A., Jr. (M 1936 ; J 1935) 
Sales Engr., York Corp., 2700 Washington 
Ave., Cleveland, and • 16307 Lakewood 
Heights Blvd., Lakewood, Ohio. 

SCHUSTER, Paul H. (A 1942) Chief Heating 
Inspector, c/o Post Engrs., Camp Chaffee, 
and • 110 North 20th St., Ft. Smith, Ark. 

SCHWARTZ, Jacob (A 1936 ; J 1929) Contrac- 
tor, • Samuel Schwartz & Son, Inc., 30 West 
37th St., Bayonne, and 12 Van Houten Ave., 
Jersey City, N. J, 

SCHWARTZ, Maurice (A 1938) Supvr., Queens- 
bo rough Gas & Electric Co., Far Rocka'way, 
and • 780 Caffrey Ave., Far Rockaway, L. 1., 
N. V. 

SCHWARZ, Geo. C. {M 1943) Gen. Mgr., Thos. 
J Sheehan Co , 2233 Olive St., and • 3681 
Mc,Cree Ave., St. Louis, Mo. 

SCOFIELD, Paul C. {A 1937; J 1933) Sr. De- 
sign Engr., Lockheed Aircraft Corp , Bui- 
bank, and • 425 E. Randolph, Glendale 7, 
Calif. 

SCOTT, Clarence E. {M 1943 ; A 1929 ; J 1926) 
Mgr., Industrial Htg, and Refrigerating Div , 
Feddens Manufacturing Co., Inc., 57 Tona- 
wanda St , and • 800 W. Periy St , Buffalo, 
N. Y, 

SCOTT, Donald C. (.1 1943) Mech. Engr., Lud- 
low Manufacturing Co , Ludlow, and • Main 
St„ Wilbraham, MaSh. 

SCOTT, Edwin E. (A 1943) Repr., Ohio In- 
jector Co., Wadsworth, Ohio, and • 619 Ro- 
many Rd., Kansas City, Mo. 

SCOTT, F. William (S 1943) Instructor (Na- 
val Training) & Graduate Student, Univei- 
eity of Minnesota, and • 717 Fulton St., S.E , 
Minneapolis 14, Minn. 

SCOTT, George M. (Life Membei ; M 1915) 
Pres., • Child & Scott-Donohue, Inc., 158 East 
38th St., New Yoik, N. Y. 

SCOTT, James (M 1943) Mgr., York Corp., 
659 E. Sixth St,, Cincinnati, and • 6553 Iris 
Ave,, Kennedy Heights, Cincinnati, Ohio. 

SCOTT, Roy M. (A 1941) Mfra. Repr., • Roy 
M. Scott, 323 Tenth St„ and 36 Fairfield 
Way, San Francibco, Calif. 

SCOTT, William P., Jr. (M 1941 ; ,/ 1939) Viec- 
Pres., Scott Co., 243 Minna St., and • 265 
Santa Paula Ave., San Francisco, Calif. 

SCOTT, Wirt S. {M 1943) Engr., Philadelphia 
Electric Co., 1000 Chestnut St., and • 4619 
Chester Ave., Philadelphia 43, Pa. 

SEARLE, William J., Jr. (M 1938) Engr., 
Mech. Engrg. Div., Publicker Commercial 
Alcohol Co., 1429 Walnut St., Philadelphia, 
and • 110 Woodside Ave., Narberth, Pa, 

SECKINGER, Benjamin J., Jr. (M 3941) Vice- 
Pres., • Seckmger Sons Co., Inc., 180 For- 
syth St., S.W., and 1110 Lanier Blvd., N.E., 
Atlanta, Ga. 


SEELBACH, Herman. Jr. (A 3937) Dist. Mgr., 

• Minneapolis-Honeywell Regulator Co., 45 
Allen St., Buffalo 2, and 31 Central Ave., 
Hamburg, N Y. 

SEELBACH, William R. (A 1942) Pres., 

• Equipment Sales, Inc., 800 Erie County 
Bank Bldg., Buffalo, and Windover, Ham- 
burg, N Y. 

SEELERT, E. H. (A 1935) Secy.-Treas., Mc- 
Quay, Inc., 1600 Broadway, N.E., and • 2540 
W. Lake of Isles Blvd., Minneapolis, Minn. 
SEELEY, Lauren B."* (M 1930) Assoc, Prof, 
of Mech. Engrg., • Mason Laboratory, Yale 
University, New Haven, and 1856 Whitney 
Ave , Hamden, Conn. 

SEELIG, Lester (M 1925) Process Development 
Engr, U. S. Rubber Co., 6600 E. Jeffeison 
Ave., and • 17206 Pennington Dr , Detroit 
21, Mich. 

SEGLE, Thomas L. (A 1942) Htg. Engr.. 

• Wells & Wade Hardware, Inc., S. Wenat- 
chee, Ave., Wenatchee, Wash. 

SEITER, J. EarU (M 1928) Mgr., Dist. Steam 
Dept., • Consolidated Gas Electric Light & 
Power Co. of Baltimore, 500 Lexington Bldg., 
Baltimore 3, and 7117 Bristol Rd., Baltimore 
12, Md. 

SELDEN, Karl W., Jr. (A 1942) Dist. Mgr., 
Minneapolis-Honevwell Regulator Co., 701 
Guildei's Bldg., Charlotte 2, and 232 S. Tor- 
lance St., Charlotte 4, N. C. 

SELF, V. Floyd (M 1943) • Anemostat Corp 
of America, 10 Eaht 39th Si , Now York, and 
615 Harrison Ave, Harrison, N. V 
SELIG. Ernest T., Jr. (/U 1936) Field Moch 
Engl , Miilwcst Piping & Supply Co., 
Geneva, ami • 285 K Sevenih N., Provo, 
Utah. 

SELLMAN, Nila T. (l\I 3922) Asst. Vioo-Pic.s , 

• Conbolidated Edison Co. of N. Y., Inc,, 4 
Irving PI., Rm 814. Now York, N. Y. 

SELTZER, Paul A. (A 1043: ,/ 1938) Mgr., 
Builders Htg. Div., Bryant Air Conditioning 
Corp., 320 E. Luray St., Philadelphia, and 

• 164 E. Marshall Rd., Lansdowne, Pa, 
SBMEL, Edward (.1 1943 : ,/ 1941) Pfc., 3368- 

6318, 3301st S.U., A.S T IT., Box #1118, 
Blacksburg, Va., and • 6029 Ellsworth St., 
Philadelphia, Pa. 

SEVERNS, William H.- (M 1933) Prof. Mooh. 
Engrg., Mech. Engrg. Dept., • University of 
Illinois, and 609 Indiana Ave., Urbana, 111. 
SEYFANG, William G. {M 1939) Managing 
Engr., • Boaid of Education, City Hall, ami 
116 Dorchester Rd., Buffalo, N. Y. 
SEYMOUR, James E. (A 39371 Prop.,* Leo & 
Seymour, 346 Rusboll St., an<l 208 Lakewood 
Blvd , Madison, Wis 

SGAMBATI, Anthony P. {S 39391 U.S.N.R , 
and • 39 Third St , Campbell, Ohio. 

SHAER* I. Ernest (A 1934) Treas. and Salc» 
Mgr , • Shaer & Turner Engineering Co., 
88 Broad St., Boston, and 164 Seavor St.* 
Roxbury, Mass. 

SHAPER, W. P., Jr. (A 1944 ; ./ 1941 ; S 1930) 
Engr., • Shafer Plumbing & Elwtrie Co.. 
414 N. St. Mary’s St., and 107 Westover fW., 
San Antonio, Texas. 

SHAFFER, Chester E. {M 1937) Re.soarch 
Engr., • Kopperb Co., Kearny, and 646 BeU 
grove Dr., Arlington, N, J. 

SHANKLIN, Arthur P. (M 1929) Vicc-Prc«,* 

• Carrier Corp., 20 N. Wacker l)r., Chicago, 
and 646 Oak St.. Winnetka* III. 

SHANKLIN, John A. {M 1928) Vice-Pres. and 
Treas., • West Virginia Heating 41; Plumbing 
Co., 233 Hale 8t., and 1607 Quarrier St., 
Charleston, W, Va. 

SHAPIRO, Charles A. (A 1943; J 1938) Lt,, 
U,S.N., Asst. Supvr. of Shipbuilding, c/o 
Missouri Valley Bridge & Iron Co., and 

• 414 S. Kelbcy Ave., Evansville* Ind, 
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KHAFIHO, Morris (,V/ 1941 ) Sr Mech. Engr., 
rederal Public Housinsr Authority, Long** 
fellow Bldg., and • 6323 Luzon Ave., N.W., 
Washington, D. C. 

S^RP, Henry C. (M 1935) Sales Engr., • The 
Herman Nelson Corp , 6625 Delmar Blvd., 
St. Louis 5, and 7442 Melrose Ave , Univer- 
sity City 14, Mo. 

SHARP, John R. (.1 1937) Lt-Col . 104th Engr 
Bn., A. P. O. 957, c/o Postmaster, San Fran- 
cisco, Cahf 

Burton E. (A 1936 ; J 1934) Research 
Chief, • Penn Electric Switch Co., Goshen. 
Ind. 

SHAW, J. A. {M 1938) Gen. Elec. Engr., 

• Canadian Pacific Railway Co., Windsor St., 
Montreal, and Hudson Heights, Que , Canada. 

SHAW, N. J. H. {M 1927 ; J 1925) Sales Engr., 
Barn^ & Jones, Inc., 128 Brookside Ave., 
Jamaica Plain, and • 37 Benjamin Rd., Ai- 
lington, Mass. 

SHEA, Michael B. (M 1921) • American Radi- 
ator & Standard Sanitary Corp., 1426 Mac- 
caboo Bldg., and 321 i Cartel St, Detroit, 
Mich. 

SHEARER, William A., Jr. ( J 1041 ; S 1939) 
2nd Lt., Engr. Corps, Fort Leonard Wood, 
Mo , and • 107 Sixth Ave., New Kensington, 
Pa. 

SHEARS, Matthew W, (W 1922) Hig. Engr., 
*C. A, Dunham Co, Ltd., 1523 Davenport 
Rd., and 39 Sylvan Ave., Toronto, Ont, 
Canada* 

SHEFFIELD, Raymond A. {M 1937) Owner, 

• Air Conditioning Engineering Co., 00 Mc- 
monul Dr., Cambridge 42, and (^veinor Win- 
throp Rd., Somerville, Maas. 

SHEFFLER, Morris {M 1921) Partner, • Sbef- 
fler-Groaa <^.o.. 1000 Drexel Bldg., Philadel- 
phia 6> and 419 Chapel Rd., Melrose Park, 
Montgomery Co., Pa. 

SHBLBV, A. W. (A/ 1942) Secy., • Shelb.\- 
Skipwith, I no., 678 Union Ave., Memphis., 
Tonn. 

SHELDON. Nelson E. {M 1927) Branch Mgt., 

• Carrier (Jorp„ 301 S. Gedde.s St,, Syracuhc, 
and 41 Lanark Crescent, Rochester, N. Y. 

SHELDON, Robert W. (-1 1942) Service Engr., 

• McCann Furnace Co., 5006 Euclid Ave., 
(Uovcland, and 486 East 238th St., Euclid, 
Ohio. 

SHELDON, William D., Jr. (A 1936 ; J 1934) 
Chief Engr., Sheldon’s Ltd., and • Cedar St, 
Galt, Ont, Canada. 

SHELEY, Earle D, {M 1937) Pres., • Glanz & 
Killian Co., 1761 W, Forest Avo., Detroit 8, 
and Box 243, Birmingham, Mich. 

SHELL, Jack (A/ 1940) Bngr., Air Cond. Dept, 
JefforBon Amufiowent Co., Box 3191, and 

• 2576 llth Si, Rd., Beaumont, Texas. 
SHELLDROP, Tonn F. {M 1942) Design Engr., 

PairMon*^, Klap]>, Brinckerhoff & Douglas, 142 
Maiden lAine, New York, and • 1000 Fourth 
Ave,, Brooklyn U, N. Y, 

SHEPARD, Carl R. {M 1941) Sr. Mech. Engr., 
U, S* Public Buildinga Administration, 1108 
Latham Sq. Bldg., Oakland 12, and • 438 
Rich St., Oakland 9, Calif. 

SHEPARD, Edward C, (M 1932) Mech. Engr., 
Federal Shipbuilding A Drydock Co., 744 
Broad St, Newark, N, J., and • 2294 Uni- 
versity Ave., New York, N. Y. 

SHEPARD, John deB. (M 1937; J 1929) Air 
Cond. Engr,, ♦ ConBolidated Gas Electric 
Light & Power Co. of Baltimore, Rm, 606, 
Lexington Bldg., Baltim<»re I, and 4823 Kes- 
wick 1^„ Baltimore lO, Md. 

SHEPPARD, Prank A. (M 1918) Salesman, 

• Johnson Service Co., 1031 Wyandotte St, 
and 27 70th St, Kansas City, Mo. 


SHEPPARD, Wallace K. (M 1942) Supvr. of 
Htg. Sale.s, • The Peoples Natural Gas Co., 
545 William Penn Way, and 6420 Darlington 
Rd., Pittsburgh, Pa. 

SHEPPBRD P. D. (A 1940, J 1938) Sales 
Bngr-, • Johnson Service Co . 1905 Dunlap 
St, Cincinnati 14, and 2831 Andrew PI., 
Cincinnati 9, Ohio. 

SHEPSTONE, Oscar (A/ 1927) Piping Engr., 
Plant & Machine Design Co., 1213 Majestic 
Bldg., Detroit 26, and • 4645 Devonshire Rd., 
Detroit 24, Mich. 

SHER, Alvin I. (S 1943) Student, • Carnegie 
Institute of Technology, 5931 Walnut St., 
Pittsburgh, Pa., and 3025 E. Superior St., 
Duluth, Minn. 

SHERBROOKE, Walter A. {A! 1938) Grmnell 
Co-, Ine., 347 Madison Ave , New York, and 

• 92 Twombly Ave., Bay Terrace, Staten 
Island, N. Y. 

SHERET, Andrew (Lz/e Membo ; M 1929 , 
A 1926) Pres., • Andrew Sheiet, Ltd., 1114 
Blanshard St., and 1030 St. Charles St., Vic- 
toria, B. C., Canada. 

SHERMAN^ Ralph A.‘ {M 1933) Supvr., 
Fuels Div., • Battelle Memorial Institute, 505 
King Ave., and 1893 Coventry Rd-, Columbus, 
Ohio. 

SHERAIAN. V. L. (M 1935) The Technological 
Institute,- Northwestern University, Evans- 
ton, and • 643 Hillside Ave , Glen Ellyn, 111. 

SHERMAN, Warren P. (M 1937) Mcch. Engr., 
Refrigeration & Ventilation Sect., U. S. 
Engineers Hq., Fourth Service Command, 
and *164 Coventry Rd., Decatur, Ga. 

SHERWOOD, Laurence T. (A/ 1937) Glass 
Technologist, • Pennsylvania Wiie Glass Co., 
Dunbar, Pa. 

SHILSTON, JL Aynsley (Af 1943) Htg. Etigrg. 
Asst,, City Archt., • City Architects Dept., 
Town Hall, Manchester 2, and 34 Ruskin 
Rd., Darlcy Park, Manchester 16, England. 

SHIRES A. C. (M 1942) Asst. Chief Engr.. 

• Foreign Economic Administration, Room 
309, 2501 Que St., N W., Washington, D. C. 

SHORT, William W. (.1 3942) • Wm. W. Short 
Co., 274 Madison Ave., and 541 West 113th 
St., New York, N. Y. 

SHREEVE, L. Dale (.*1 1944) Refrig.-Air Cond. 
Bngr, and Gen. Purchasing Agent, Knapp 
Supply Co., and • 70iJ W, Charles, Muncie, 
Ind. 

SHROCK, John H. (A/ 1924) Vice-Pres., New 
York Blower Co., 171 Factory St., and • 2026 
Indiana Ave., LuPorte, Ind, 

SHULTZ, Earle (A 1919) Vice-Pres., • Illinois 
Maintenance Co., 72 W. Adams St., Chicago 


3, 111. 

SHUMAN, Laurence (A/ 1939) Mech. Engr, 
Federal Public Housing Authority, Region 


m, 19th ■& D St.. Washington. D, C., and 
• 8867 16th St., Silver Spring, Md. 
SHUTTLBWOBTH, W. R. (M 1943) Design & 


Test Engp:., Allison Division, General Motors 
Corp., Power House, Plant No. 5, Maywood, 
and • R, R. 16, Box 631Q, Indianapolis 44, 
Ind. 

SIEGEL, Daniel E. (J 1940; vSf 1988) Engr., 
Giffells & Vallet, Inc., 1000 Marquette 
Bldg., and • 2080 Elmhurst, Detroit 6, Mich. 
SIEGEL, Roy C. (A 1030) Owner, * Interna- 
tional Chimney Co., 303 Curtiss Bldg., and 
24S Norwalk Ave., Buffalo, N. Y. 

SIBMON, Herbert B. (M 1942) Branch Mgr., 

• Holland Furnace Co., 604 Cherokee, Leaven- 
worth, Kan. 

SIGGZNS, George S. (A 1943) Mfrs. Agent, 

• Industrial Fuel Burning E<iuipment. 7« S. 
Harrison St., East Orange, N. J. 

SIGMUND, Ralph W. (Ai 1932) Dist. Mgr., 

• B. F. Sturtevant Co„ 913 Provident Bank 
Bldg., and 130 Wm. H. Tuft Rd., Cincinnati, 


Ohio. 
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SILBEBSTEIN, Bernard G. (M 1937) Dist. 
Mgr., • Ilg Electric Ventilating Co., 622 
Broadway, and 814 East Mitchell Ave., Cin- 
cinnati, Ohio. 

SILVERA, Americo (A 1943 ; J 1989) Appli- 
cation Engr., International Div., Carrier 
Corp., and • 831 E. Genesee St., Syracuse, 
N. Y. 

SIMKIN, Milton (A 1942; J 1936; S 1983) 
Engr., Buensod-Stacey Air Conditioning, Inc., 
60 East 42nd St., and • 235 East 22nd St., 
New York, N. Y. 

SIMMONDS, Verne (M 1943) Mech. Engr., 
U. S. Engineer Office, 1709 Jackson, and 

• 2416 Vane St., Omaha, Nebr. 

SIMMS, Herman (J 1942) Draftsman (Head of 
Drafting Dept.), York Corp., 412 Houston 
St., N.E., and • 863 Ponce deLeon Ave., 
N.E., Atlanta, Ga. 

SIMONS, B. C. (M 1938) Branch Mgr., St. 
Louis, • Minneapolis - Honeywell Regulator 
Co., 4030 Chouteau, St. Louis 10, and 20 
Orchard Ave., Webster Groves, Mo. 
SIMONS, Edward W. (M 1938) Administra- 
tive Engr., Redwood Manufacturers Co. and 
Casper Lumber Co., 1600 Hobart Bldg., and 

• 40 Villa Terr,, San Francisco 14, Calif. 
SIMONSON, George M. (M 1937) Cons. Elec. 

& Mech. Engr., • 625 Market St., Rm. 809, 
San Francisco 5, and 20 Lorita Ave., Pied- 
mont 11, Calif. 

SIMPSON, G. L. {M 1941) Vice-Pres. and Gen. 
Mgr., • Pittsburgh Lectrodryer Corp., P, O 
Box 1766, Pittsburgh 30, and 317 Pine Rd„ 
Edgeworth, Sewickley P. O., Pa. 

SIMPSON, Robert L. (J 1941) Lt. (jg) U.S. 

N.R., and • 9 Sands St., Waterbury, Conn. 
SIMPSON, WiUiam K. (M 1919) Engrg. Con- 
sultant, • 9 Sands St., Waterbury, Conn. 
SINGLETON, Arthur B. (M 1943) Engr., Ken* 
Machinery Co., and • 711 Collingwood Ave., 
Detroit 2, Mich. 

SINGMASTER, J. Walter (M 1943) Pres., Le- 
high Valley Supply Co., Third & Oak Sts., 
Allentown, and • 101 E. Main St., Macungic, 
Pa. 

SINISH, William R. {M 1943) Vtg. Engr., 
General Electric Co., and • 1408 Charlotte 
St., Fort Wayne 3, Ind. 

SISK, R. D. Van (M 1948) Vice-Pres, and Gen. 
Mgr., Piedmont Engrg. Corp , and « 2639 
Forest JDr,, Charlotte, N. C. 

SKAGERBBRG, R. (M 1924; J 1921) Asst. Dir. 
Management, Standards Div., « Federal Pub- 
lic Housing Authority, Longfellow Bldg., 
Washington, D. C., and 420 Tyler PI,, Alex- 

SKIDMORE,* John G. (A 1937; J 1930) Con- 
struction Engr., • Almirall & Co., Inc., 63 
Park PI., New York, and 208 Woodbine Rd., 
Roslyn Heights, N. Y. 

SKINNER, Alton, Jr. (A 1944 ; J 1940) Supt., 

• J. R. Bagwell Co., P, O. Box 2007, and 
1202 Vickers Ave., Durham, N. Ol 

SLAWSON, Lloyd E. (A 1938) Mgr., • Barber- 
Colman Co., 3030 Euclid Ave., Cleveland, 
and 109 Southwick Dr., Bedford, Ohio. 
SLKISTER, Park E. (A 1943) Owner, Heating, 
Ventilating, Air Conditioning and Sanitary 
Consultation & Service, and • 858 W. Eighth 
St., Fremont, Nebr. 

SLEMMONS, John D. (M 1937) Mgr., Colum- 
bus Office, * American Blower Corp., 2~15th 
Ave., Columbus 1, and R. F. D. 2, Wilson 
Bridge Rd., Worthington, Ohio. 

SLOANE, David J. (J 1943; S 1939) U. S. 
Army, and • 66th General Hospital, Ft, Jack- 
son, S. C. 

SMAK, Julius B. (A 1934) Engr,, Fletcher- 
Thompson, Inc., 211 State St., Bridgeport, 
and *160 Morehouse Highway, R. D. #6, 
Fairfield, Conn. 


SMALL, Bartlett R. (M 1038 ; A 1937 ; J 1932) 
Staff Engr., • Aluminum Company of Amer- 
ica, SOI Gulf Bldg., and 34 Hillman St„ 
Pittsburgh 10, Pa. 

SMALL, Kay A. (M 1941) Mech. Engr., • U. S. 
Army Corps of Engineers, Post Office Box 
1390, Fairbanks, Alaska, and 227 N. Third 
St., Lewisburg, Pa. 

SMILES, Roy H. (M 1941) Dealer Supvr., 

• Carrier Corp., 12 South 12th St., and 6936 
N. Seventh St., Philadelphia, Pa 

SMITH, Clifford F., Jr. (J 1943; S 1941) En- 
sign, Planning Div., Puget Sound Navy 
Yard, and • 100 Anaha Ave., Bremerton, 
Wash. 

SMITH, David J. (J 1941) Sales Mgr., • Wal- 
ter H. Eagan Co., 2386 Fairmount Ave., 
Philadelphia, and 624 Mercer Rd., Merion 
Park, Merion P. O., Pa. 

SMITH, Elmer G.-^ (M 1929) Prof, of Physics, 

• Agricultural & Mechanical College of 
Texas, Dept, of Physics, and 303 S. Dexter 
Dr., College Station, Texas. 

SMITH, Ernest T. (M 1943) Engr., • The De- 
troit Edison Co., 2000 Second Ave., Detroit 
26, and 4400 Three Mile Dr., Detroit 24, 
Mich. 

SMITH, Gard W. (M 1927) Sales Engr., • Pre- 
mier Furnace Co., 1131 Guilford St., Hunt- 
ington, Ind. 

SMITH, George E, (A 1942) Supervising Engr.. 

• Ministry of Works & Planning, 67/68 Jer- 
myn St., 1 West Ave., Pinner, MiddleseN, 
England. 

SMITH, Gerald E. (J 1938) Major, Fourth 
Canadian Field Park Squadron, R.C.E., PMfth 
Armoured Division, and • 62 Parkway Ave., 
Toronto, Ont., Canada. 

SMITH, Harold C. (M 1941) Partner, • Smitli- 
White Co., 1102 Commerce Trust Bldg., and 

• 6840 Olive St., Kansas City, Mo. 

SMITH, H. Gilman (M 1944) Designing * 

Sales Engr., • Aladdin Heating Corp., 2222 
San Pablo Ave., and 751 Warfield Avo., 
Oakland, Calif. 

SMITH, Lawrence J. (M 1943) Dir. of Re- 
search, Bell & Gossett Co., 8200 N. Austin 
Ave., Morton Grove and • 466 Lenox St., 
Ostk 111 

SMITH, Mffton S. (M 1919) Vice-Pres. and 
Gen. Mgr., • Buensod-Stacey Air Condition- 
ing, Inc., 60 East 42nd St., New York, N. Y., 
and • 13 N. Terrace, Maplewood, N. J. 

SMITH, Nelson J. (M 1938) Air Cond. Design 
Engr., • Frigidaire Div., General Motors Sales 
Corp., Taylor & Monument Ave., and 1332 
Riverview, Dayton, Ohio. 

SMITH, Roger C. (A 1940) Asst. Branch Fjngr., 
York Corp., 119 South 11th St., St. Louis 2, 
and • 7040 Tulane Ave,, St. Louis 6, Mo. 

SMITH, Roger K. (M 1942) Instructor in Mech. 
Engrg., Mech. Engr. Dept,, • Iowa State Col- 
lege, 407 Engrg. Hall, and 2031 Country 
Club Blvd., Ames, Iowa. 

SMITH, Sidney T, (J 1941) Htg. Engr., Sid 
Smith & Co., 411 W. Fifth St., and • 609 
Moir, Waterloo, Iowa. 

SMITH, Stuart (A 1936) • Room 416, 1791 
Howard St., Chicago, 111. 

SMITH, Walter H. (M 1939) Chief Engr,, 'The 
T. Eaton Co., Ltd., #10 Louisa St, Toronto, 
and • Box 81, Islington, Ont., Canada, 

SMITH, WSilbur P. (M 1920) Consulting Etigr,. 
W. M. Anderson Co., 600 Schuylkill Ave., 
Philadelphia, and * 709 Braeburn Lane, Penn 
Valley, Narberth P. O., Pa. 

SMITH, William O. (.1 3937) Pres., • Swnth 
Automatic Heat Service, Inc., 19250 John R, 
Detroit 3, and 7 Sylvan Rd., Pleasant Ridg**, 
Mich. 

SMITH, William P., Jr. (J 1942) * 1808 Ken- 
wood Ave., Charlotte, N. C. 
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SMOOT. Charles B. {M 1942) Chief Encr., 
Atlanta Branch. • Carrier Gorp., 34S Peach< 
tree St., N.E , and 892 Adair Ave., N.E., 
CvA 

SMOOT, T. H. (M 1935) Vice-Pres., Anchor 
Post Fence Co., 6600 Eastern Ave., Balti- 
more 24, and • 1302 Southview Bd., Balti- 
more 18, Md. 

SMYERS, Edward C. (A 1933) Sales Engr., 
Barber-Colman Controls, 1013 Penn Ave., 
Wilkinsbursr, and • 148 Jamaica Ave., West 
View, Pittsburgh, Pa. 

SNAVELY. A. Bowman (M 1937) Chief Engr., 

• Hershey Chocolate Corp., Hershey, Pa. 
SNAVELY. Earl R. (M 1937) Sales Mgr., 

Instrument Div., Thomas A. Edison, Inc., 
West Orange, and * Parkway Dr., R, P. D. 
#1. Clark, Rahway, N. J. 

SNOOK. Alfred H. (A 1940) Dist. Repr., 

• American Air Filter Co., 324 N. Main St., 
Wayland, Mich. 

SNYDER. Edwin F.. Jr. (J 1940) Capt., 
0864646, • 326th A/B Engr. Pov., A. P. 0- 
472, c/o Postmaster, New York, N. Y., and 
308 Oourtland St., Dowagiac, Mich. 

SNYDER. Edwin J. {S 1943) • Company D, 
3802nd Service Unit, Carnegie Institute of 
Technology. Pittsburgh, Pa. 

SNYDER, Jay W. {M 1917) Member of Firm, 

• Snyder & McLean, 2214 Penobscot Bldg., 
and 8987 Martindale Ave,, Detroit, Mich. 

SNYMAN, G. C. (A 1941) Mgr,, Overseas Div., 
The Oelotex Oorp„ 120 LaSalle St., Chicago, 
and • Hotel Evanshire, Evanston, 111. 
SOBEL. Prank (S 1989) Pvt, • 818 M.P. Co„ 
A. P. O. #928, San Francisco, Calif., and 
115 Post Ave., New York, N. Y. 
SOCKWBLL, Charles. Jr. (A 1942) Partner. 
Sockwell Co., 156 Rogers St, N.E., and 

• 2662 Boulevard Dr., N.K, Atlanta. Ga. 
SOCKWBLL, Charles, Sr. (M 1942) Partner, 

• Sockwell Co., 166 Rogers St, N.E., At- 
lanta, and 6447 Roswell Rd., Dunwoody, Ga. 

SOCKWELL, Tyrus R. (A 1942) Partner, 

• So^well Co., 166 Rogers St., N.E,, and 
872 Morgan PI., S.E., Atlanta, Ga. 

SODEMANN, William C. B. (M 1919) Pres., 

• Sodemann Heat & Power Co., 2306 Delmar 
Blvd.. St. Louis, and 7642 Teasdale Ave., 
University City, Mo. 

SOLSTAD, Lester L. (J 1986) Engr., Austin 
Sheet Metal Works, 6109 W. Chicago Ave., 
and* 6348 W. Potomac, Chicago, 111, 
SOMERS, Waiiam S. (M 1038 ; A 1928 ; J 1926) 
Vice-Pres. and Chief Engr., Lamneck Prod- 
ucts, Inc., 3025 Lamneck St, and* 118 Ken- 
wood Dr., Middletown, Ohio. 
SOMMERFIELD, Sumner S. (A 1941 ; J 1986) 
Pvt, XJ, S. Army, and • 4918 George St, 
Chicago 41, 111. 

SOMMERS, WnUam J. (M 1987) Disl. Repr., 

• lig Electric Ventilating Co., 606 Delaware 
Ave., Buffalo 2, an<l 286 Hartford Ave., 
Kenmore 17, N. Y. 

SOPER, Horace A. (M 1916) Pres., • Ameri- 
can Foundry A Furnace Co., Washington at 
McClun, and 1122 E. Monroe St, Blooming- 
ton. 111. 

HOULE, John P. (J 1942) • Federal Ship- 
building & Drydock Co., Room 2800, 744 
Broad St, Newark 2, and Gordon Rd., Essex 
Fells, N. J. 

HOULE, Lawrence C.* (Li/e Mewber; Jkt 1908) 
Secy, and Consulting Eugr., Aerodn Corp., 
Syraeiise, N. Y„ and • Gordon & Stewart 
Uds., Essex Fells, N. J. 

HOUTHMAYD, R. T. (A 1944 j J 1930) Mgr., 
Pressure Blower Div,, • American Blower 
Corp., Box 68, Roosevelt Park Annex, De- 
troit 32, ami 23915 Wilmarth Ave., Farmmg- 
lon. Mich. 


SPALL, Edward G. (A 1939) Sales Engr., 
Powerlite Devices, Ltd., Penn Electric Switch 
Div., 171 John St, and • 291 Windemere 
Ave,, Toronto, Ont, Canada. 

SPARKS, James D. (A 1937) Northwest Repr., 

• Ilg Electric Ventilating Ck>., 7331 W. Green 
Lake Way, Seattle, Wash. 

SPECKMAN, Charles Member ; M 1918) 

Consulting Htg. and Vtg. Engr., • 482 Bourse 
Bldg., and 1217 S. Fou^ St, Philadelphia, 
Pa. 

SPELLER, Frank N.* (Life Member; M 1908) 
Idetallurgical Consultant, • 6411 Darlington 
Rd., Pittsburgh, Pa. 

SPENCE, Morton R. (A 1942 ; J 1984) Vice- 
Pres.* • Rundie & Spence Manufacturing Co., 
446 N. Fourth St., and 709 E. Lexington 
Blvd.* Milwaukee, Wis. 

SPENCE, Ro-bert A. (J 1937) Capt, Ordnance 
Dept, U, S. Army, Port Johnston Terminal, 
Ordnance-NYPE, Bayonne, N. J., and • 38 
Barnard Rd., Belmont 78, Mass. 

SPENCER, Roland M. (A 1940; J 1934) Chi- 
cago Branch Mgr., The Powers Regulator 
Co., 2720 Greenview Ave., Chicago 14, and 

• 7316 Lunt Ave., Chicago 81, 111. 

SPENCER, Warner B. (A 1938) Repr., • Na- 
tional Radiator Co , Inc., 220 Delaware Ave., 
Buffalo 2, and 212 Bidwell Pkwy., Buffalo, 
N. Y. 

SPIELMANN, Gordon P. (A 1981; J 1923) 
Owner, • Harrison-Spielmann Co,, 480 Mil- 
waukee Ave,, Chicago, and 780 N- Prospect 
Ave., Park Ridge, 111. 

SPIETH, Benjamin (M 1941) Chief Engr., 

• Modme Manufacturing Co., and 400 Har- 
vey Dr., Racine, Wis. 

SPITZLEY, Joseph H. (J 1989) S 2/c, • Pla- 
toon 8266, Area C-7, Camp Peary, Va. 
SPITZLEY, R. L. (M 1920) Pres, and Gen. 
Mgr,, • R. L. Spitzley Heating Co., 1200 W 
Fort St., Detroit 26, and 26 Renaud Rd., 
Grosse Pointe Shores 30, Mich. 

SPOERR, Prank P. (A 1942; J 1937) Branch 
Engrg. Mgr., Carrier Corp., Marine Dept, 
1603 Hibernia Bank Bldg., New Orleans 32, 
and • 801 BL Maple, Maple Ridge Park, New 
Orleans 20, La, 

SPOFFORTH, Walter (M 1930) Chief of Mech. 
Services, Federal Penitentiary, McNeil Is- 
land, and • 615 N, Ainsworth, Tacoma, Wash. 
SPROTT, John L (A 1941) Sales, • Ray Oil 
Burner Co., 401 Bernal Ave., and 10 Parker 
Ave., San Francisco, Calif. 

SPROULL, H. E. (M 1920) Div. Sales Mgr., 

• American Blower Co., 1 005 American Bldg., 
Cincinnati 2, and 8688 Raymar Dr., Cincin- 
nati 8, Ohio. 

SPURGEON, Joseph H. (M 1924) Mfrs. Agent, 

• Spurgeon Co., 6060 Joy Rd,, Detroit 4, 
and 17216 Pennington Dr., Detroit 21, Mich. 

SPURiNEY. Felix E. (A 1938) Supt., Alabama 
Drydock & Shipbuilding Co., and * 1211 
Palmetto St., Mobile, Ala. 

STACK, Arthur E. (A 1936) Asst Mgr., Utili- 
zation Dept, Washington CJas Light Oo., 
11th & “H” Sts., N.W., Washington, D.C., 
and • 7911 Chicago Ave., Silver Spring, Md. 
STACEY, Alfred E., Jr.* (M 1914) (Council, 
1941-43) Capt. U. S. Navy, and • 35 Woot- 
ton Rd., Elffiex Fells, N. J. 

STACY, L. David (A 1936) Sales Engr., Ilg 
Electric Ventilating Co„ 222 N. LaSalle St., 
Chicago, and • 4837 Lee St, Downers Grove, 

in. 

STACY, Stanley C, (A/ 1931) Mech. Engr., 

• Board of Education, 13 S. Fitzhugh St, 
Rosheater 4, and 2340 Monroe Ave , Roches- 
ter 10, N. y. 

STAFFORD, J. Fuller (A 1938) Owner, 519 N. 
SnelHng Ave., St. Paul, and • 4 646-1 8th 
Ave,, S., Minneapolis, Minn. 
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STAFFORD, Thomais D. (yl 1937) Vice-Pres. 
and Mgr., ♦ Alexander-Stafford Corp., 1 Ionia 
Ave., N.W.. and 964 Ogden Ave., S.E., 
Grand Rapids, Mich. 

STAHL, Walter A. (M 1988) Supt. of Chkago 
Properties, Montgomery Ward & Co., 619 W. 
Chicago Ave., Chicago, and • 2604 Harrison 
St., Evanston, 111. 

STALB, J. G. (A 1934) Owner. * Stalb Engi- 
neers, 80 Broad St., New York 4, and 2 
Grace Court, Brooklyn 2, N. Y. 

STAMMER, Edward L. (Life Memhei t M 1919) 
Supt. Htg. and Vtg. Repairs, St Louis 
Board of Education, Board of Education 
Bldg., and • 4430 Tennessee Ave,, St. Louis, 
Mo. 

STANDRING, Ronald A. (A 1942; J 1938) Htg. 
Engr., • Gurney Foundry Co., Ltd., P. O. 
Box 277, and 2368 Leclaire Ave., Montreal, 
Que., Canada. 

STANGER, R. B. (M 1920) Prop., • Robinson 
& Stanger, Empire Bldg., Pittsburgh, and 
Middle Rd., Glenshaw, Pa. 

STANGLE, William H. (M 1940) Servel, Inc., 
Ehiransville, Ind., and • 265 Benita, Youngs- 
town, Ohio. 

STANLEY, Robert L. (M 1938) Sales Engr., 
Trade Wind Motor Fans, Inc., 6726 S. Main 
St., and • 2518 Dearborn Dr., Los Angeles 28, 
Calif. 

STANTON, Harold W. (M 1938) Commercial 
Sales Dir., • lowa-Nebraska Light & Power 
Co., 144 South 12th St., and 6600 0 St.. 
Lincoln, Nebr- 

STARK, W. E.*' (M 1926) (Council 1932-36) 

• Timken Silent Automatic Division, 100-400 
Clark Ave., Detroit 32, and 268 Hillcrest 
Rd., Gros&e Pointe, Mich. 

STASZESKY, Francis M. (J 1942; S 1938) 
10 Roselawn Ave., Roselle, Wilmington, Del. 

STECKHAN, Louis (M 1928; J 1926) Sales 
Engr., • Crane Co., 30 South 16th St., St, 
Louis 3, and 8240 Liberty St, St. Louis 11, 
Mo. 

STEEL, R. Justin (A 1938) Lt, U.S.N.R., 

• Bureau of Ships, Navy Dept., Washington, 
D. C ., and 346 S. College Ave,, Newark, Del. 

STEELE, J. B. (M 1932) Chief Operating 
Engr., Winnipeg School District No, 1, 
Ellen & William Aves., and* 184 Waterloo 
St, Winnipeg, Man,, Canada. 

STEFPNER, Edward P. (A 1987 ; J 1934) Re- 
search Engr., Viking Air Conditioning Corp., 
6601 Walworth, Cleveland, and • 1429 East 
133rd St, E. Cleveland, Ohio. 

STEGGALL, Howard B. (M 1942; A 1934) 
United States Radiator Corp., 1600 United 
Artists Bldg., Detroit, and • Concord Rd., 
Bloomfield Hills. Mich. 

STEIN, Jerome (J 1942 ; S 1940) Secy., Tor- 
rington Supply Co., Inc., 126 Maple St, 
and * 756 Waterville St, Waterbury, Conn. 

STBINHORST, Theodore P. (M 1919) Pres., 

• Emil Steinhorst & Sons, Inc., 612-616 
South St, Utica, N. Y, 

STEINKE, Bernard J. (J 1940 ; S 1937) Mech. 
Engr., George G. Sharp, Naval Architect, 30 
Church St, New York, N. Y., and * 745 Rail- 
road Ave,, River Edge, N, J. 

STEINMETZ, C. W. A. (M 1934) Mgr., New- 
ark Ofidce, • American Blower Corp., 249 
High St, Newark, and 60 Oakwood Ave., 
Bogota, N. J. 

STELLWAGEN, Frank G. (A 1937) Sales 
Engr., • 8637-77th St, Woodhaven, L. I., 
N. Y. 

ST. LAURENT, Guy (A 1942) Htg. Contr., 

• Hector Groulx, Engrg., 1638 Notre Dame 
St., W., and 8381 Drolet St, Montreal, Que, 
Canada. 


STE-MARIE, Gaston P. (M 1930) E.xamin»>r 
and Technician, Provincial Government, 97 
B. Notre Dame St, and * 5329 Duquette 
Ave., N.D.G., Montreal, Que., Canada. 
STEMFEL, Edward H. (M 1942) Chief Engr . 
American Gas Machine Co., and • 609 Park 
Ave., Albert Lea, Minn. 

STBNCEL, Reinhold A. (M 1938) Chief Engr.. 
Canadian Ice Machine Co., Ltd., 65 Villieis 
St, and • 224 Inglewood Dr., Toronto. Out , 
Canada. 

STENGEL, Frank J. (A 1936) 1st Lt , C.K , 
2nd EAUTC, Geiger Field, Spokane, Wash 
STEPHENSON, James R. (A 1940) Partuei, 

• J. R. Stephenson & M. M. Perry, 33 1 Bank 
of Nova Scotia Bldg , and 647 Strathconii 
St, Winnipeg, Man., Canada. 

STEPHENSON, Kiser A. (M 1941) Secy.- 
Treas., • Stephenson Co., 14 Harris St.. 
N.W., Atlanta 8, and 923 St Charles Ave., 
N.E., Atlanta, Ga. 

STEPHENSON, Lewis A. (M 1917) Dist Mgr.. 

• The Powers Regrulator Co., 409 East 13th 
St, and 801 West 67th Terr., Kansas City, 
Mo. 

STERMER, Clarence J. (M 1936) Engr., Crane 
Co., 836 S. Michigan Ave., and • 7839 CUydi*- 
Ave., Chicago, 111. 

STERN, Edward J. (.1 1941) Dist Mgr., 

• Armstrong Cork Co., 701 Burt Bldg., Dal- 
las 1, and 223 E. Davis St., Dallas 8, Texas 

STERNE, a M. (M 1948; A 1934) Lt. Comdr.. 
U.S.N.R., laboratory and Test Officer, • Nor- 
folk Navy Yard, Portsmouth, Va. 
STERNBERG, Edwin (A 1932; J 1931) Design 
Engr., Geo. G. Sharp, 30 Church St., an<t 

• 16 East 98th St., New York, N. Y. 
STERNER, Douglas S. (M 1941; .1 1910; 

J 1938 ; S 1936) Capt, U. S. Army, and • tU9 
Hinsache Ave,, San Antonio 2, Texas. 
STETSON, Lawrence R. (M 1918) Engi., 

• McMurrer Co., 303 Congress St, Boston, 
and 36 Bradfield Ave., Roslindale, MasK. 

STEVENS, Eiarl K. (.1 1940) Treas., • Inter- 
national Exposition Co., 480 Lexington Ave., 
New York 17, N. Y. 

STEVENS, Harry L. (M 1934 ; A 1927 ; ./ 1924) 
Pres., • M. M. Stevens Co., 108-110 W. Sher- 
man St, and 320 West 20tb Ave., Hutchin- 
son, Kan. 

STEVENS, Howard R. (M 1941) Mgr., Power, 
Htg. and Air Cond. Dept, Saviers Electrical 
Products Corp., Cor. Second & West Sts,, 
and • P. O. Box 182, Reno, Nev. 

STEVENS, Judson E. (A 1941) Engr. in 
Charge, • National Coal Co., 818 Spokatie 
St, P. O. Box 318. and 620 Vassar St, P. O. 
Box 2542, Reno, Nev. 

STEVENS, Kenneth M. (A 1943 ; J 1986) Capt., 
Hq. 108th, AAA Gun Bn., A. F. 0. 512. e/o 
Postmaster, New York, N. Y, 

STEVENS, Wayne H. (.4 1939) Kngr., • Shel- 
lenberger, Gregg & Co., 2203 N. l^ruKiHTt 
Ave., Milwaukee 2, and 2501 E. Stratfonl 
Ct. Milwaukee 11, Wis, 

STEVENS, William R. (A 1934) Partnei, 

• Ii, E. Stevens Co., 626 Broadway, Cincin- 
nati, Ohio, and 30 Chalfonte Ct, Ft Thomin., 
Ky. 


STEVENSON, Mel, J. (M 1936) Ooim. Mech. 
Engr., • Apt 431, 2970 Sheridan Kd„ Chi- 
cago 14, III. 

S'raVENSON, W. W. (M 1928) Steam Htg. 
Engr., • Allegheny County Steam Heating 
Co., 435 Sixth Ave.. Pittsburgh 19, and U2r> 
Lancaster Ave., Pittsburgh 18, Pa. 

STEWART, Charles W. (M 1919; A 1918) 
General Sales Mgr., • Hoffman Specialty Co., 
1001 York St., and 3111 N. Meridian St., 
Indianapolis* Ind, 

STEWART, Duncan J.* (M 1936; A 1930) 
Vice-Pres. and Gen. Mgr., • Barber-Colman 
Co., Drawer 99, and R. H, #4, Rockford, 111. 
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STEWART, James P. (A 1940; ,! 1937) Enj?r.. 
Caiiior Cofp , 300 Geddos St, and • 224 
Gieonvvood PI., Syracuse 10, N. Y. 
STEWART, John N. (.1 1939) I’lan Examiner, 
District, of Columlda, 102 Diwirict Bid'.?., and 

• 0121 32 ad PI , N.W,, Washin-rton, 1>. C 

STEWART, Robert S. (-1 1041) Kxfoluition 

Env.i., rnternatioual Corp , Middle- 

town, OllMt, 

STEWART, Wchley O. (A 193vS) Branch M«r., 

• .Johnson Service Co., 153 WoBt, Ave. 34, Los 
Am'oles 31, and 4100 Vi Ijos Eeliz lilvd., Los 
An'M'lcH, Calif. 

STILEvS, S. (A 19 il; J 1930) A.swt. Prof., 
En«>rK. DruwiruT, A. & M, ColIcfTc of Te3ca.s, 
Collep.e Station, and • Rt, 4, Rryan, Texas. 
STIIJJCU, Erederick W. (d 1942 ; J 1933) 
K.dnnator, F. C. Stiller & Co., 130 S. Tenth 
St., an<I • 4501 S. Aldrich, Minneapolis 9, 
Minn. 

STIRJJNfJ, Waiter N. (M 1039) * c/o J. & K. 

Ban. Ltd,, Dartford, Kent. England. 
STITES, Richard, Jr. (A 1943 ; J 1937) Sales 
Hnvfr., • Coon Devisser Co., 2051 W. Lafay- 
ette, Detroit. It), and 17537 Hartwell, Detroit 
21, Mich. 

STOCK, Charles S. {M 193fi) M^rr., Washinir- 
(on OfiRce, The Herman Nelson Corp., Rm. 
404, IlOH 16th St., Washintrlon 6, and* 8052 
(Jarrhen St., N W., WashinfAon 8, D. C. 
STOCKWELL, William U. (Li/c Member \ 
M 1903. ,/ 1901) Gen. Mfjr. Div.. 

• Well-McLain Co., Miehh?un City, In<!. 
STOKES. Alvin JO. (J/ 1936) Gen. Supt., Rimw 

Distler & Co., Inc., P, O. Box 6398, Houston, 
Texaa, and * 424 Winston Ave., Baltimore 12, 
Md. 

STOKES, Arledffe (A 1942; J 1936) Engr., 
Nehrimr & Hanson Co., 32 H St., N.E., 
Washinidon, IJ. C., and • 4908 North 17th 
SL, Arlington, Va, 

STONE, A. A. (A 1943) Branch M^r., • Mundet 
Cork Corp,, 605 Southland Life Annex, and 
6307 Monticello Ave,, Dallas, Texas, 
STORMS, Robert M. {M 3930) ConsuHintr 
Kntvr., 3717 N, Vine St., !.«<>« Aiurelea, and 

• 854 W. Wilson Ave., Glend.nle 3, Calif. 
STOTESBURY, Bernard (Af 1942) • W. G. 

E<iKe, Iitd., ‘160 Gloucester St., and 118 Gil- 
mour St., Ottawa, Ont., Canada. 

STOTT, Doualas A, (A 1940) Vice-Proa, and 
Mjrr., • Canailian PowtTs Rer:ulator Co., Ltd., 
195 Spa<lina Avo., Toronto 2-B, and 119 
Parkhurst Blvd., Torontxj, LeaBide, Ont,, 
Canada. 

STOTT. E. \V. {M 1938) Branch Salea Mjrr., 
C. A, Dunham Co., lAd., 3139 Bay St., 
Toronto, and • Thoma.s St., Oakville, Ont., 
Canada. 

STOHT, Arthur G. (A/ 1943) Chief Mech. 
Ensrr,, Hcatintr St Ventilatinj< Co-Adventur- 
ers, 4100 Weat 7r>th St., Chicnjyo, and • 106 
KuHt, Ave., Park Bidfve, Til 
STRAIN, A. James (.1 1942) Sales Murr., • The 
Oonaumers Gas Company of Toronto, 19 
Toronto St., and 370 St. Clemen t« Ave., 
Toronto, Ont., Canada. 

STRAND, Charles A, (A 3940) Supt, ♦ Bruce 
Wirle PlumhitiK Oo., 9137 Hamilton Ave., 
I)<4rtdt 2, and 0533 Barium Ave., Detroit 10, 
Midi, 

STRAlUJf, Paul C. < \ 1934) Sales EriKr., 
l>r,ivo C<>rj>., 300 l’<*nn Ave., and* Sherwood 
Ilntl, Cainhndj'e t'.uurl 131 Kdjfowood 

A\e,, K<lvevv<tod, IMI I '.l/urt'h. Pa. 
STRKATKR. Edward C. (A 3 939; Mj?r., • L. E. 
Streat‘T Lumber I'o,, Spnni*; l^urk, and 
Mottnii, Minti, 

HTKEVELL. U. P. (M 1931) Pu‘'t. and Treau., 

• The WilUam U, Diu':,’* Cu., Inc., 900 Fourth 
Ave., Aulrury Purl, and Victor Place & 
State inrhw.ty, Neijtum*, N, J. 


STROCK, Clifford (M 1937; A 1929) Editor, 

• Heatinf? & Ventilating’, 148 Lafayette St., 
New York 13, and Box 756, Amityville, 
L. L, N. Y. 

STROMGREN, Sven G. (M 1938) Managing 
Dir., • c/o Magnussons Mekaniska Verkstad, 
Regeringsgatan 109, Stockholm, Sweden. 
STROTHER, William E. (A 1941) CapL, Corps 
of Engineers, Post Engineer, 34 Elliott St., 
N.W., Atlanta 3, and • 997 Burns Dr., S.W., 
Atlanta, Ga. 

STROUSE, Sherman W. (A 1934) * Trane Co„ 
493 Franklin St., Buffalo 2, and 95 Mayville 
Ave , Tonawanda, N. Y. 

STROUSE. Sidney B. (M 1921) Cons. Engr., 

• S. B. & B. H. Strouse, 600-529 Guarantee 
Trust Bldg., and 22 S. Illinois Ave., Atlantic 
City, N. J. 

STRUNJN, Jay (A 1939; J 1933) Engr. and 
Contractor, • Strunin Plumbing & Heating 
Co, 408 Second Ave., New York, and 217 
Ocean Ave, Brooklyn, N. Y. 

STUART, Milton C.* (M 1936) Prof, of Mech. 

Engrg., • Lehigh University, Bethlehem, Pa. 
STUART, Ralph A. (M 1943) Consulting Engr., 
Opera House Bldg., and • 432 North 6'^^ St., 
Terre Haute, Ind. 

STUART, W. W. (A 1940) Owner, • Stuart 
Supply, 417 Ninth St., and 1920 Pleasant 
St., Des Moines, Iowa. 

STUBBS, W. C. (M 1934) Sr. Naval Archt., 

• II. S. Government, Norfolk Navy Yard, 
and 39 Channing Ave., Portsmouth, Va. 

STURM, William (A 1944 ; J 1937 ; S 1936) 
Mech. Engr., Bllerbe & Co., 1021-E First 
National Bank Bldg., St. Paul 1, and 60 
Inner Dr., St. Paul 6, Minn. 

SUDDERTH, Leo, Jr. (A 1942 ; J 1936) Branch 
Mgr., • Johnson Service Co., Bona Allen 
Bldg., and 8047 Piedmont Ed., N.E., Atlanta, 
Ga. 

SULLIVAN, Thomas J. {J 1943; 8 1942) En- 
sign, Asst. Shop Supt., Production Division, 

• U. S. Navy Yard, Bldg. 77, New York, and 
1616 Marine Pkwy., Brooklyn, N. Y. 

SULLIVAN, T. J. (M 1930) Pres., Sullivan 
Valve & Engineering Co., 910 S. Arizona St., 
and • 1205 W. Park St.. Butte, Mont. 
SULUVAN, WilHam H. (M 1943) Pres., • W. 
H. Sullivan Co., P. O. Box 232, Greensboro, 
N. 0. 

SUNDERLAND, Richard P. (A 1988) Partner, 

• General Meters & Controls Co„ 205 W. 
Wacker Dr., Chicago, and 1250 Cherry St., 
Wmnetka, III 

SUPPLE, Graeme B. (M 1934) Indiana Dis^ 
Mgr., * American Blower Corp., 625 Archi- 
tects & Builders Bldg., and 420 East 55th 
St., Indianapolis, Ind. 

SUTCH, Harry C. (A 3940) Capt., U. S. Army, 

• Umatilla Ordnance Depot, Ordnance, Ore. 
SUTCLIFFE, A. G. (M 1922; A 1918) Chief 

Engr., Ilg Electric Ventilating Co., 2860 N- 
Crawford Ave., Chicago, and • 432 S. Del- 
phia Ave., Park Ridge, 111. 

SUTFIN, George V. (M 1942; A 1937) Field 
Engr., * American Blower Corp., 1006-6 
Amcricun Bldg., Cincinnati 2, and 3270 Hil- 
dreth Ave., Cincinnati 11, Ohio. 

SUTTER, E. E. (A 1936) Sales Enjpr., Mueller 
Brass Oo., Port Huron, Mich,, and • 6706 
Si.Kth St., N.W., Washington, D. C. 
SWAIN. Douglas S. (./ 1941) Sales Emcr., 
Truiu*' (’ompany of Canada, Ltd., 365 Har- 
grave Si., and • 27 Fawcett Ave., Winnipeg, 
Man,, Cnnada. 

SWAIN, William L. (M 1939) Dir., • Mesbrs. 
Younr, Austen & Young, Ltd,, 35 Uphill 
Rd. Mill Kill, London, N.W. 7, and St. 
Catherine’s, Snndy Lodge Rd., Moor Park, 
Hart fortlhhirt^, England. 
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SWANEY, Carrall R. (M 1929 ; J 1921) Owner, 

• C. R, Swaney Co., 28 St. Botolph St., 
Boston, and 61 Morse Rd., Newtonville, Mass. 

SWANSON, Earl C. (A 1936) Vice-Pres-, 

• Andersen Corp., Bayport, Minn. 

SWANSON, Nils W. (A 1936) Sales Engr., 

McDonnell & Miller, 400 N. Michigan Ave., 
and • 2746 Morse Ave., Chicago 45, 111, 

SWEENEY, R. H. (A 1939) Sales Engr., Min- 
neapolis-Honeywell Regulator Co., 405 Penn 
Ave., and • 3333 Piedmont Ave., Pittsburgh 
16, Pa. 

SWENEHART, Delmer W. (A 1940) Educa- 
tional Dir., Air Conditioning Training Corp , 
789 Wick Ave., Youngstown, and • Cortland, 
Ohio. 

SWINGLE, W. T. (A 1938) Pres., • Hastings 
Air Conditioning Co., Inc., 108 S. Colorado, 
Hastings, Nebr. 

SWISHER. Stephen G.. Jr. 1936 ; A 1934) 
Mgr., • The Trane Co., 1835 N. Third St., 
Milwaukee 12, and 1711 E. Dean Rd., Mil- 
waukee, Wis. 

SYSKA, Adolph G. (M 1933) Partner, • Syska 
& Hennessy, 144 East 39th St., New York, 
N. y. 

SZEKELY, Ernest (M 1920) Pres,, • Bayley 
Blower Co., 1817 South 66th St., Milwaukee, 
and 6026 W. WasWngton Blvd., Wauwatosa, 
Wis- 

SZOMBATHY. L. R. (A 1930) Pres., • Fergu- 
son Sheet Metal Works, Inc., 34 N. Floris- 
sant Blvd., Ferguson, and 3125 Hawthorne 
Blvd., St. Louis, Mo. 

T 

TAGGART, Ralph C." (Life Member; M 1912) 
Div. of Architecture, Dept, of Public Works, 
New York State, Albany, and • 14 Lyon 
Ave., Menands, Albany, N. Y, 

TAHRY, Mahmoud El (M 1939) Chief Engr., 
Carrier-Egypt, SA..E., 37, Sharia Kasr El 
Nil, and • No. 18 Sharia Hafiz, Pasha Rama- 
dan, Dokki, Cairo, Egypt. 

TALIAFERRO, Robert R.* (M 1919) Mech. 
Engr., National Advisory Committee for 
Aeronautics, Cleveland Airport, and ♦ 1383 
Elbur Ave., Lakewood, Ohio. 

TALLMADGB, Webster (M 1924) Pres., • Web- 
ster Tallmadge & Co., Inc., 364 Glenwood 
Ave., and 526 Park Ave., East Orange, N, J. 

TANZER, Gay J. (M 1942) • Hotel Welling- 
ton, New York, N. Y. 

TARR, Harold M. (M 1931) Htg., Vtg. and 
Air Cond, Engr., • 21 Montague St., Arling- 
ton Heights, Mass. 

TASKER, C. (M 1936) (Council, 1941-43) Dir. 
of Research, * American Society of Heating 
and Ventilating Engineers, 61 Madison Ave., 
and Apt. 15F, 430 West 24th St., New York, 

N. Y. 

TASNEY, John S. (A 1943) Mgr., • Parker 
Building Specialties, Inc., 991 Bryant St., 
and 144 Hugo SI, San Francisco, Calif. 

TATE, Howard L. (A 1943) Engr., • Titche- 
Goettinger Co., and 4408 Grassmere Lane, 

TAVERNA, Fred F. (M 1928 ; A 1927 ,* J 1924) 
Raieler Corp., 129 Amsterdam Ave., Now 
York, N. y., and • 1011 Palisade Ave., Union 
City, N. J. 

TAYLOR, Arthur R. (M 1942) Sales Engr., 
Darling Bros., Ltd., and* 617 Willard Ave., 
Toronto, OnL, Canada. 

TAYLOR, Edward M. (A 1934) Tech. Mgr., 

• Taylors. Ltd., S2A Lichfield St., and 3 
Wairarapa Terr., Christchurch, New Zealand. 

TAYLOR, Harold J. (M 1937) Owner, • Harold 
J. Taylor, Htg. & Vtg., 17514 Greenlawn 
Ave., Detroit, Mich. 

TAYLOR, R. F. (M 1916) Consulting Engr., 

• 910 Bankers Mortgage Bldg., and 2332 
Watts Rd., Houston, Texas. 


TAYLOR, Robert B. (A 3 944; J 1938) Field 
Engr , * Buffalo Forge Co., 112 State St., 
Albany, and R. F. D., Slmgerlands, N. Y. 

TAYLOR,- Thomas E. (M 1942 ; J 1937) Cons. 
Engr., • 807 Postal Bldg., Portland 4, and 
7307 N. Wall St„ Portland 3, Ore. 

TAZE, D. L. (M 1931) Branch Mgr., • Ameri- 
can Blower Corp., 1302 Swetland Bldg,, 
Cleveland 15, and 19412 Winslow Rd., Shaker 
Heights 22, Ohio. 

TAZE, Edwin H. (M 1937) Branch Mgr., 

• American Blower Corp., 620 Court Sq. 
Bldg., Baltimore 2, and 28 Normal Terrace, 
Towson, Baltimore 4, Md. 

TEASDALE, Lawrence A. (M 1926) Mgr., Div. 
of Htg. & Lighting, • Yale University Ser- 
vice Bureaus, 20 Ashmun St,, and 262 W. 
Rock Ave., New Haven 16, Conn. 

TEELING, George A. (M 1930) Consultin<r 
Engr., • 1 Columbia PL, Albany, and Clarkfa- 
ville, N. Y. 

TEMPLE, W. J. (Af 1931) Engr , J. A. Temple 
Co., 108 Parkway, and • 1215 Reed Ave., 
Kalamazoo, Mich. 

TEMPLIN, Charles L. (U 1921) Pres., • Car- 
rier- Atlanta Corp., 348 Peachtree St., At- 
lanta 3, and 781 Sherwood lid., N.E., At- 
lanta, Ga 

TENKONOHY, Rud<4ph J. (M 1923) Engr,, 
J. Gordon Turnbull, Inc., 2630 Chester Ave,, 
Cleveland, and • 1432 Rockway Ave,, Lake- 
wood 7, Ohio. 

TENNANT, Raymond J, J. (.1 1929) Chief 
Engr., • Pittsburgh Business Properties, Inc., 
2287 Oliver Bldg., Pittsburgh, Pri. 

TENNEY, Dwight (M 1932) Pres., • Tenney 
Engineering, Inc., 8 Elm St., Montclair, and 
33 Summit Rd., Verona, N. J. 

TERHUNE, Ralph D. (A 1036) Engr.. • The 
Bryant Heater Co., 17825 St, Clair Ave., 
Cleveland 10, and 12661 Cc<lar Rd., Cleve- 
land Heights 6, Ohio. 

TERRY, Matson C. (M 1936) Chief of Air 
Cond. Engrg., Philco Corp., Philadelphia, 
and • 508 Old York Rd., Abington, Pa. 

TERRY, S. W. (M 1941) Pres.. • Ahiddtn 
Heating Corp., 2222 San Pablo Avo., Oak- 
land, and 2820 Oak Knoll Terr , Berkeley, 
Calif. 

THAYER, Harding H. (A 1943) Archt. Engr., 
W^tmghouse Electric Co., Malou(‘y Bldg., 
and • 920 Maryland Ave., Pittsburgh 6, Pa. 

THEISS, Ernest S. (A 1941; J 1940) Instruc- 
tor, Mech. Engrg., Duke Univei-sity, and 

• 2645 University Dr., Durham, N. C. • 

THEOBALD, Art. (A 1937) Engr., Payne 

Furnace & Supply Co., 386 N. Foothill Rd,, 
Beverly Hills, and • S. Kings Ud., Lo.i 

Angeles, Calif. 

THEORELL, Hugo G. T.’” (Life Member; 
M 1902) Cons. Engr., • Hugo Theordls In- 
geniorsbyra, SkoldungaguLan 4, Stockholm, 
Sweden. 

THINN, Christian A.* (Ai 1921) Mgr. of Si^r- 
vice, • C. A, Dunham Co,, 460 K, Ohio St., 
Chicago, 111. 

THOM, George B. (M 19S7) Chm, Mech. Engrg. 
Dept,, * Swarthmore College* Swarthmore, 
Pa. 


THOMAN, Bstell O. (A 3938) Air Cmtd. and 
Htg. Engr., • Higgins Xndustrios, Ine., 3755 
St. Charles Ave., and. 2122 Trt'ii.ture St„ 
New Orleans, La. 

THOMAS, Bernard A. (A 1937 ; J 1923) Mg.r., 
Htg. Dept., Crane Co., 1405 Tw>ggs<, and 
• 406 E. Idlewild Avo., Tampa, Fla, 
THOMAS, Ernest )R, (M 1942) Mccln Designer, 
Black & Veatoh, 4900 Broadway, Kansas 
City, Mo., and • 108 Masonic Ave., Monna*, 
La. 


THOMAS, Frank M- (Af 194.3) Dist. Sidrs 
Mgr., • Oklahoma Natural Gas Co., 217 W- 
Randolph, and 1429 K Cherokee, Enid, Okla. 
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THOMAS, Gle^ge (M 1923) Office Mar.. • Clar- 
age Fan Co., 723 Albee Bldg-., Washington, 

D. C„ and 7 W. Leland St., Chevy Chase, 
Md. 

THOMAS, L. G. Lee (M 1934) Vice-Pres,, 

• Economy Pumps, Inc., 1000 Weller Ave., 
Hamilton, and 765 Ivy Ave., Glendale, Ohio. 
THOMAS, Melvern P. (Lije Member; M 1909) 
Supvrtr. Engr. for Htg. and Vtg., No. 1 
Training Command R.C.A.F., 55 York St,, 
and • 74 Rivercrest Rd,, Toronto, Ont., Can- 
ada. 

THOMAS, Ralph C. (A 1938) Capt., U. S. 
Army, and Pres., • Thomas Air Gond., Inc., 
819 Westover Ave., Norfolk 7, Va. 

THOMAS, R. H. {Uje Member; M 1920) Pres, 
and Treas., Economy Pumps, Inc., 1000 Wel- 
ler Ave., Hamilton, and •VOS Ivy Ave., 
Glendale, Ohio. 

THOMAS, R. L. (A 1943) Field Engr., • Fair- 
bunks-Morsc Co., 13th and Liberty, Kansas 
City, Mo., and R. R. 2, Lawrence, Kan. 
THOMPSON, Edward B. (A 1938) Htg. Engrg. 
Supvr., The Cincinnati Gas & Electric Co., 
Fourth & Main Sts., and • 1198 Coronado 
Ave,, Cincinnati, Ohio. 

THOMPSON, Frank (M 1985) Mgr.. The 
Canadian Fairbanks-Morse Co., Ltd., 62 
Belvidere St., and • 107 Quebec St., Sher- 
brooke, Que., Canada. 

THOMPSON, John (M 1942) Administration 
Building Engr., • Hydro-Klcctrie Power Com- 
mission of Ontario, 620 University Ave., and 
02 Browning Ave., Toronto, Ont., Canada. 
THOMPSON, Nelson S.* (Life Member; 
M 1917; J 1897) Retired Engr., • 8206 Oliver 
St., N.W.. Washington, D. 0. 

THOMPSON, Paul J. (A 1944) Branch Mgr., 

• National Radiator Co., 401 N. Broad St., 
Philadelphia, Pa. 

THOMSEN, N. B. (M 1938) Vice-Pres., • Mac- 
donald Engineering Co., 1 N. LaSalle St., 
Chicago 2, and 6101 Sheridan Rd., Chicago, 
111 . 

THOMSON, Thomas N.* (Life Member; 

M 1899) Consultant, • 37 Irwm PI., Hunting- 
ton, L. i„ N. y. 

THORNBURG, Harold A, (M 1932; ./ 1929) 
Cons. Engr. for Air Cond. and Refrig., U. S., 
Rubber Co., 1230 Sixth Ave., Rm. 1801, New 
York, and •1911 Dorchester Rd., Brooklyn, 
N. Y. 

THORNTON. Thoddens L. (M 1937) • 37 Perry 
St., Belleville, N. J. 

THORPE. Wano E. (M 1943) Estimator-Bngr., 

• J, J. Nolan & Co., 78 Washington Ave., 
and 1779 Glenview Avo., Memphis, Tenn. 

THRUSH, Homer A. (M 1918) Pres., • H, A. 
Thrush & Co., 21 E. Riverside Dr., and 259 
W. Main St, Peru, Ind. 

THULMAN, Robert K.* (M 1938) Moch. Engr., 
Fcileral Housing Administration, Vermont 
and K Sts., N.W., Wa8hing1.on. D. C., and 

• 6505 Ridgewood Ave., Chevy Chase, Md. 
THUNEV, Francis M. {/I 1939 ; J 1936) Exec- 
utive Engr., * Minnenpoli.'i-Honeywell Rej.'u- 
lator Oo., 2753 Fourth Ave., S., and 3416 
Humboldt Ave., S., Minneapoli.H 8, Minn. 

TICHENOR, Leslie Jr. (A 1942; J 1930) 
Vico-Pres. and Treas., * I*. R. Tichenor & 
l^n, 2 Ridgway Avo,, Hillside, N. J. 
TIDMABSH, Patrick M. (M 1938) Gen. Mgr., 

• TMmarsh Engineering Co„ X^ O, Box 2425, 
Tiicsmt, Aria. 

TIERNEY, Lawrence J. J. (A 1920) Owner, 

• L. J, Tierney Co„ 10 High St., Boston, 
and 17 Oriole St, West Roxhury. Mass. 

TILPORD, Leo A. (M 1941) Owner and Mgr., 

• Leo A. TUford Co., 1230 Francis St, 
Jackson, Mich. 

TILLER, Louin (A 1936; S 1933) Engr., Velo- 
city Steam Production Engineering, 38 S. 
Dearborn, Rni. 1341, Chicago, 111. 


TILLOTSON, John J. (J 1943) Engr., • Dan- 
forth Co., 5820 Centre Ave , Pittsburgh, and 
Peebles Rd., R. D. #1, Allison Park, Pa. 
TILTZ, Bernard E. (M 1930) Pres., Tiltz Air 
Conditioning Corp., 230 Park Ave., New 
York, and • 26 Lookout Circle, Larchmont, 
N. Y. 

TIMMINS, W. W, (M 1937) Dist Mgr., • C;^ 
nadian Powers Regulator Co., Ltd., Uni- 
versity Tower Bldg., Montreal, and 306 
Brock Ave., N., Montreal West, Que., Canada. 
TIMMIS, Pierce (M 1920) Industrial Engr., 

• United Engineers & Constructors, Inc,, 
1401 Arch St., Philadelphia, and 202 Mid- 
land Ave., Wayne, Pa. 

TIMMIS, William W. (M 1933 ; A 1926) Lt 
Gomdr., U.S.N., Naval Torpedo Station, 
Alexandria, and • 103 Geo. Mason Dr., Ar- 
lington, Va. . 

TOBIN, John P. (A 1934) Field Engr , •Ameri- 
can Blower Corp., 228 N. LaSalle St, and 
11256 S. Artesian Ave,, Chicago, III. 

TODD, Malcolm McM. (M 1942) Owner, • Mal- 
colm Todd, 302 Bay St. and 34 Halford, 
Toronto, Ont, Canada. ^ 

TODD. Meryl L. (M 1940; J 1936) Partner, 

• M. L. Todd & Associates, 1111 Indepen- 
dence Ave.. and 100 Highland Blvd., Water- 

TO^NSFELDT, Half (M 1940) Consulting 
Engr., *411 Security Bldg., St. Louis 2, and 
6311 Waterman Ave., St Louis 5, Mo, 

TONE, J. E., Jr. (A 1940) • 109 Court Ave., 
Des Moines, Iowa. ^ , 

TONRY, Robert a (M 1936) * Wie^e- 

busch Plumbing & Heating Co., 611 First 

TOONDER™Sarence U (M 1933) Mech. Enp., 
Argonaut Div., General Motors Corp., Gen- 
eral Motors Research Bldg., and • 13391 Mar- 
lowe, Detroit, Mich. „ m 

TOBOK, Elmer (M 1986) Pres., • East Tenn- 
essee Sheet Metal Works, Inc., P. 0. Box 
421, Bristol, Tenn. _ ^ j 

TORR, T. W. (M 1938) Chief Engr., The Rudy 
Furnace Co., and • 205 Green St, Dowagiac, 
Mich. 

TOULOUKIAN. Ycram S. (J 1944; -S 1939) 
Grad. Student, Massaohusette Institute 
Technology, and * 420 Memorial Dr., Cam- 
bridge 39, Mass. 

TOUTON, Rush D. (M 1983) Tech, Dir,, 

• Bayuk Cigars, Inc., Ninth & Columbia 

Ave., Philadelphia, and 624 Montgomery 
School Lane, Wynnewood, Pa. ^ 

tower, Elwood S. (M, 1980) Engr., 218 l^n- 
ventment Bldg., and • 1422 Whiteman St., 

TOWLe“’pWUp“h. (A 1942; J 1983) E^r., 
General Air Conditioning Co., 116 New 
Montgomery St., San Francisco, and • G40 
Tennyson Ave., Palo Alto, Calif. 
TOWNSEND, John M. {M 1942) Combustion 
Engr., War Dept, Eighth Service Command, 
Repairs and Utilities Branch, and * Erving- 
ton Hotel, Dallas, Texas, ^ ^ v 

TRACY. William E. (A 1943; J 1938) Lt (ig) 
U.S.N.R., Address Unknown. 

TRAMBAUER, Charles W. U 1941 ; 1?36) 

Supvrg, Engr., Raislcr Corp., Bethlehem 
Steel Shipyard, Hoboken, N. J., and • 179- 
17-3 34th Ave., Springfleld Gardens, N. Y. 
THANE, Reuben N.* (M 1916) Pres., * The 
Trane Co., and 208 South 16th St, La 

Tl^UGOTTl^Mortimer (A 1930) • Bryant Air 
Conditioning Corp-, 916 N. Front St, Phila- 
delphia, and 8208 Westminster Rd., Elkins 
Park Pfl. 

TRAYNOR, Harry S. (A 1942; J 1937) Capt, 
Corps of Engineers, XJ. S. Army,»Clmton 
Engineer Works, and 200 Outer Dr., Oak 
Ridge, Tenn. 
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TREADWAY, Quentin J. (A 1936; J 1932) 
Dist- Sales Mgr., * Clarage Fan Co., 210 
Reynolds Arcade, and 826 Winona Blvd., 
Rochester, N. Y. 

TRICKLER, Earl B. (M 1942) New York 
Blower Co., 3155 Shields Ave., and • 8219 
Kenwood Ave., Chicago 19, 111. 

TRIEGEL, Erich V. (M 1942) Mech. Engr., 

* Francisco & Jacobus, 511 Fifth Ave., New 
York, N. Y., and Candlewood Isle, Danbury, 
Conn. 

TRIGGS, Fred E. (M 1938) Mfrs. Agent, • 3901 
Second St., Des Moines, Iowa. 

TROLLER, T. H. (M 1943) Dir. of Research, 
Daniel Guggenheim Airship Institute, Uni- 
versity of Akron, and • 1250 Sunsetview Dr., 
Akron, Ohio. 

TBOSTEL, Otto A. (M 1936) Engr., Standard 
Distributing Co., 406 E. Wells St., Milwau- 
kee, and • Route No. 2, Thiensville, Wis. 

TROUP, John D. (M 1938) Managing Dir., 

• John D. Troup, Ltd., 90 High Holborn, 
London, W. C. 1, and 48 Plough Lane, Pur- 
ley, Surrey, England. 

TRUMBO, S, M. (A 1926) Engr., • Buffalo 
Forge Co., 20 N. Wacker Dr., Chicago 6, 
and 921 Franklin St., Downers Grove, 111- 

TUCKER, Frank N. (M 1926) Field Engr., 
Dg Electric Ventilating Co., 13 Park Row, 
Rm. 11, New York, and • 239 Whaley St., 
Freeport, L. I., N. Y. 

TUCKER, Leonard A. (M 1935) Service Mgr., 
J. J. Pocock, Inc., 1920 Chestnut St., Phila- 
delphia 3, and • 220 Buttonwood Way, Glen- 
side, Pa. 

TUCKER, Thomas T. (M 1938; A 1936) Chief 
Engr., Armor Insulating Co., 800 Forrest 
St., N.W., and • 8619 Ivy Rd., N.E., Atlanta, 
Ga. 

TUCKERMAN, George E. (M 1982) Mgr., 

* Anderson Conditioning Co., 600 Schuylkill 
Ave., Philadelphia, and 602 Rodman Ave., 
Jenkintown, Pa. 

TUPPER, Edward B. (J 1944; S 1941) Stu- 
dent, University of Minnesota, and • 3248 
Park Ave., Minneapolis, Minn. 

TURLAND. Charles H. (M 1934; A 1930) 
Sales Engr., • R, E. Johnston Co., Ltd., 1070 
Homer St., and 4563 W. Third Ave., Van- 
couver, B. C., Canada. 

TURNER, Edmond S. (A 1939) Partner, • Wm. 
S. Turner & Co., 618 Pacific Bldg., Portland 
4, and 3465 Northeast 36th Ave., Portland 
IS. Ore. 

TURNER, John P, Jr. (M 1942) Lt. (jg) 
U.S.N.R., and • 430 West 116th St., New 
York, N. Y. 

TURNO, Walter G. (M 1917; A 1912) Secy., 
H. W. Porter & Co., Newark, and • 71 La- 
fayette Ave., East Orange, N. J. 

TUSCH, Walter (M 1917) Secy., Tenney & 
Ohmes, Inc., 101 Park Ave., New York, and 

• 881 Sterling PI., Brooklyn 16, N. Y. 

TUTHILL, Arthur F," (J 1940; S 1938) 2nd 

L*t., • Army Air Corps., Foster Field, Texas, 
and Cutchogue, L. L, New York, 

TUTSCH, Rodney J. (A 1943; J 1939) In 
Service, Address Unknown. 

TUTT, Richard D. (J 1942) Air Cond. Engr., 
Allison piv.. General Motors Corp., Speed- 
way City, and • 6845 Haverford Ave., 
Indianapolis, Ind. 

TUTTLE, G. H.* (M 1937; A 1936; J 1934) 
Htg. Engr., • The Detroit Edison Co., 2000 
Second Ave., and 16714 Kentfield, Detroit, 
Mich, 

TUTTLE, J. Frank {Life Member i M 1913) 
Sales Agent, • Warren Webster & Co,, 127 
Federal St , Boston, and 9 Lewis Rd., Win- 
chester, Mass. 


TUVE, G. L.* (M 1932) (Council, 1939-41) 
Prof, of Heat-Power Engrg., • Case School 
of Applied Science, 10900 Euclid Ave., Cleve- 
land 6, and 2510 Newbury Dr., Cleveland 
Heights 18, Ohio. 

TUXHORN, D. B. (M 1986) U. S. Govern- 
ment, and • 4853 Sedgwick St., N.W., Wash- 
ington, D. C. 

TWIST, C. P. {Life Member; M 1921) Pres., 

• Ashwell-Twist Co., 967 Thomas St., and 
2310 Tenth Ave., N., Seattle, Wash, 

TWIZELL, E. W. (M 1937) Partner, • Con- 
nolly & Twizell, Ltd,, 1406 Bishop St., Mon- 
treal, and 22 Merton Crescent, Hampstead, 
Que., Canada. 

TYPINGS, Wm. F. (M 1942) Owner • Tydings 
Engineering Co., 16895 Lahser Rd., and 
26640 Lyndon Rd., Detroit, Mich. 

TYKLE, Frederick G. (M 1943) Plant Engr., 

• Allison Division, General Motois Coip., 
P. O. Box 894, Indianapolis, Ind. 

TYLER, Roy D. (M 1928) Chief New Facili- 
ties & D.P.C. Section, • Facilities & D.P.C. 
Section, U. S. Army, Boston Ordnance Dist., 
140 Federal St,, Boston 10, and 408 Beacon 
St., Boston 15, Mass. 

u 

UHL, Edwin J. (M 1925) Partner, • Uhl Co., 
182 S. Tenth St., and 4830 Pleasant Ave., S., 
Minneapolis, Minn. 

UHL, W. F. (M 1918) • Uhl Co , 132 S. Tenth 
St, and 4716 LynUale Avo, S, MinneuDolis, 
Minn. 

UHLHORN, W. J. (M 1920) • 733 S. Highland 
Avp Os-k "pArlc III 

ULRICH, A. B.,*Jr.’ (A 1937) Sales Engr., 
Gilbert Engineering Co., 1306 Liberty Bank 
Bldg. ; and * 715 Lipscomb St., Dallas, Texas, 

URBAN, Frank F. (A 1939) Vice-Pre.s., Urh<in 
Plumbing & Heating Co., 1215 S.W, Fifth 
Ave., and • 6726 S.W. Burlingame Avo., Port- 
land, Ore. 

URDAHL, Thomas H.* (M 1930) (Council, 
1940-43) Comdr., U.S.N.R., Bureau of Ships, 
Navy Department, and • 1505 '44th St., N.W., 
Washington, D. C. 

USHER, Wellington J., Jr. (M 1942) SaU»s 
Engr., • Arthur S. Leitch Co., Ltd,, 1123 
Bay St., Toronto, and R. R. 2, Pickering, 
Ont., Canada. 

V 

VALE, Henry A. L. (M 1929) Managing Dir., 

• Vale Company, Ltd., 141-143 Arniat''h St., 
Christchurch, and 203 Liam Kd., Fcmlalt<m, 
Christchurch, New Zeulan<l. 

VAN ALSBCRG, Jerold H."* (M 1931) Lt., 
U.S.N.R., and • 2222 Eye St., N.W., Wa.sh- 
ington 7, D. C. 

VANCE, Louis G. (M 1919) Mfrs. Agent, 15 
East 2l5t St., Baltimore 18, and • 4402 
Maine Ave., Forest Pk., Baltimore 7, Md. 

VANDERHOOF, Austin L. (A 1933) DmU 
Repr., * Warren Webster & Co., 233 nnnnii 
Bldg., Cleveland, and 2762 I.^n<ion R<1., 
Shaker Heights, Ohio. 

VAN NOUHUYS, Herbert C. (A 1942 ; J 3937) 
1st Lt., Signal Corps, Camp Evans Signal 
Lab., Belmar, and • Loch Arbour Apt, 

E-Z, 10 Ocean Ave., I^och Arbour, N. J. 

VAN WYNGARDEN, J. E. (A 1040) Owner, 

♦ Day Heating Co., 863 N. Liberty St., and 
946 N. Church St,, Salem, Ore. 

VAUGHAN, John G„ Jr. (A 1042; J 1935) 
Housing Specialist, Office of the Administra- 
tor, • National Housing Agency, 401 Barr 
Bldg., Washington, D. C., and 14 Tauxemont 
Rd.. R, F. D. 1, Alexandria. Va. 
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VAUGHAN, Lillian L. {M 1938) Prof, of 
Mech. Engrg., Acting Dean, School of 
Engrg., • North Carolina State College, and 
11 Enterprise St., Raleigh, N. C. 

VERNON, Rex (M 1928; A 1926) Sales Pro- 
motion Mgr., ♦ Johnson Service Co., 507 E 
Michigan St , Milwaukee, and 710 Oakland 
Avc , Waukesha, Wis, 

VERVOORT, Edward L. (J 1937 ; S 1936) Lt. 
(jg) U. S. Navy; House Htg. Supvr., 

• Brooklyn Union Gas Co., ISO Remson St., 
Brooklyn, and 49 Arizona Ave,, Rockville 
Centre, L. I., N. Y. 

VETLESEN, G. Unger (M 1930) Lt. Comdr., 
U. S. Navy, Overseas, and • 1 Beckman 
l»laco, New York, N. Y, 

VIA, Clarence W. (A 1943) Supt. of Public 
Works, c/o Public Works Officer, U S-N.A.S., 
and • 321 Liberty St , Hutchinson, Kan. 
VIDALE, Richard (Af 1935) 92 Raiding Rd., 
Rochester, N. Y. 

VINCENT, Paul J. (M 1931) Chief Engr. and 
Owner, • Paul J. Vincent Co., 2208 Mary- 
land Ave,, and 202 St. Martins Rd., Balti- 
more 18, Md. 

VINSON, Neal L. (J 1936; S 1932) 1st Lt., 
Army IBlngra., and • Box 3007, Lowell, Ariz. 
VIRRILL, George A. (A 1940) Chief Engr., 
The University Club, 1 West 64ih St., New 
York, and • 345 Washington Ave., New Ro- 
chelle, N. Y. 

VISSAC, Gustave A. <M 1937) Consulting 
Engr., • 1476 W. King Edward Ave., Van- 
couver, B. C., Canada. 

VIVARTTAS, B. Arnold (Life Member ; M 1910) 
Mech. Engr., • 26 S. Portland Ave., Brooklyn 
17. N. Y. 

VOtSINET, Walter E. (M 1930) Laboratory 
Mgr., • Ourtisi^-Wnght Corp., Airplane Div., 
Rosonrch Laboratory, Genesee St., Buffalo 5, 
and 161 Warren Ave,, Kenmoro, N. Y. 
VOLK, George H. (./ 1942; S 1940) Vice-Pros., 

• Thos. E. Hoye Heating Co., 1906 W. St. 
Paul Avc., Milwaukee 3, Wis. 

VOLK, Joseph H. (M 1923) Pros, and Troa.s., 

• Thomas E. Hoye Heating Co., 1906 W. St. 
Paul Ave., and 1006 South 36th St., Mil- 

' waukoo, Wis. 

VOLKIIARDT, Aquila N. (M 1988) Owner, 

• A. N. Volkhardt, 942 Bay St., and 104 
Townsend Ave., Staten Island, N. Y. 

VOLLMANN, Carl W. (M 1938) Pres., • Linde 
Cana<han Refrigeration Co., Ltd , 35,6 St. 
Peter St., Montreal, Quo., Canada. 
vonREHBERO, Hugo L. (M 1942) In Charge 
of Ktigrg , Braman Dow & Co., 239 Cnuse- 
wny St., Boston, Mass., and • 11 Parklon 
IW., Jamaica Plain 30, Boston, Mas.s. 
vonROSBNBERG, Paul C. (J 1939) In the 
Armv, Address Unknown. 

VOORHEES, duy A. (AI 1922) Chief Engr. 
Hnll-Nt‘al Eurnace Co., 1324 N. Capitol Ave., 
ami ♦ 3151 Broadway, Indianapolis 5, Ind. 
VROOMR, Albert E. (M 1932) Air Cond. 
Engr*. • Khusco Services, Inc., 2 Rector St., 
New York, and 623 H Amboy Rd., Prince 
Bay, Stjxton Island, N. Y. 

w 

WACHS, J. (.'1 1936 ; J 1930) Sale's Enur., 
Carrier Corp., 406 Lexingt-on Avc., New 
York, and * 1820 Cortolyou Rd., Br<K)kIyn 26, 
N. Y. 

WAEOUTER, Herman P. (A 1930; J 1927) 
Ohiof Enj^r., Utiitcd Merchants & Manufac- 
turers <5oi‘p*» ilOl West 26th St., Now York, 
.and • 226 Groat Kills Rd , Staten Lslund 8, 
N. y. 

WAGGONER, Jack H* (A/ 1937) Gen. Process 
Control Mgr,, Owens - Corning FilK*rgla8 
Corp., and • 240 Quentin ltd., Newark, Ohio. 


WAGNER, Earle K. (M 1938) Sales Engr., 

• The Powers Regulator Co., 2240 N. Broad 
St., Philadelphia 32, and 312 Myrtle Ave., 
Cheltenham, Pa. 

WAGNER, Wilbur J. O. (A 1943) * 731 W. 
Main St., Jefferson City, Mo. 

WAHLIN, Bernard J. (A 1941) Application 
Technician, General Electris Co., 700 Com- 
monwealth Ave., Boston, and • 18 Stoneleigh 
Rd., West Newton, Mass. 

WAID, Glen H. (A 1930) Dist. Sales Mgr., 

• Scott Valve Manufacturing Co., 15 S. Clin- 
ton St., Chicago, 111. 

WALDEN, Harold K. (A 1942 ; J 1939) C.S.F., 
U.S N.R., 46th C.B., Headauarters, c/o Fleet 
Post Office, San Francisco, Calif., and • 1409 
35 th St., Bel view Heights, Birmingham 8, 

WALDON, Charles D. (A 1932) Inventor, 
Vacuum Smoke Condenser, and • 32 Fem- 
dale Ave., Toronto, Ont., Canada. 

WALDREP, James E. (A 1943 ; J 1939) Engr.. 
S. A. Brown Plumbing & Htg. Co., Rome 
General Hospital, and • 1209 Magnolia Ave., 
Rome, Ga. 

WALPORD, Leslie C. A. (M 1938) Tech. Office, 
British Ministry of Supply Mission (Techni- 
cal Services), 1705 “L” St, N.W., Wash- 
ington, and * 6506 Charles St., Bethesda, 
Washington 14, D. C. 

WALKER, Edmund R. (M 1934) Gen. Mgr., 
Feddeis Manufacturing Co., Inc,, 57 Tona- 
wanda St., Buffalo 7, and • 366 McKinley 
Ave., Kenmore 17, N. Y. 

WALKER, J. Herbert* (M 1916) (2nd Vice- 
Pres„ 1941; Council, 1926; 1938-41) Asst, 
to Gen. Mgr., • The Detroit Edison Co , 2000 
Second Ave., Detroit 26, and 482 Arlington 
Rd., Birmingham, Mich. 

WALKER, Wythe P. (A 1941) Air Cond. 
Engr., Douglas Aircraft Co., Inc., Long 
Beach, and * 8637 Sixth Ave . Los Angeles 
16, Cahf. 

WALLACE, George J. (Ufe Memher ; M WaS) 
Principal, • 27-86 Ericsson St., East Elm- 


hurst. L. I.. N. Y. 

WALLACE. William M., II (M 1929) Cons. 
Engr., Ill N. Corcoran St., and • 2603 High- 
land Ave,, Durham, N. C. 

WALLICH, A. C. (M 1919) Dist. Mgr., Cardox 
Corp, 702 Stephenson Bldg., Detroit 2, and 

• 17408 Oak Dr„ Detroit 21, Mich. 

WALLIS. Walter M. (A 1940) • 11225 Tenth 

Ave., S.W., Seattle, Wash. 

WALSH. Edward R., Jr. (M 1936; A 1935) 
Dir. of Market Research, York Corp., and 

• Wyndham Hills, Yo-rk, Pa. 

WALSH, James A. (M 1943; A 1932 ; ^1929) 
Pres., • J. A. Walsh & Co., Inc., P. O. Box 
trrrro ftf Wrtnslxjn. ToXllS. 


WALTERS, Arthur L. (Af 1926; A 1926; 
J 1924) Chief Engr., • Green Colonial Pur»: 
ace Co.. 322 S.W. Third St„ and 719-33rd 
St., Des Moines, Iowa. 

WALTERS. Joseph K. (M 1943) Engr., • Rob- 
ert P. Shoenijahn, 305 Industrial Trust Bldg., 
Wilmington, and Greenville, Del. 

WALTERS, Wmiam T. (M 1917) Mech. In- 
ftpoclor, Bldg, Dept., Illinois Central tol- 
road, 136 East 11th St., and • 12747 Wallace 
St, Chicago, 111. , , 

WALTERTHUM, John J. (A 1922) 1076 Third 
Ave., New York, N. Y., and • 42-a Van 
Reipen Ave., Jcr.sey City, N. J. 

WALTON, Charles W., Jr. {M 1934) Engrg. 
Staff, U. S. Rubber Corp., 1230 Sixth Ave., 
New York, N. Y., and 124 W. Greenville St,, 
Chippewa Falls, Wis. 

W ALZ, Chester D. ^ (A 1939) • 709-26th St., 
Santa Monica, Calif. 
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WANTGSGAARD, Dee (A 1942) 1st Lt,, 

A.U.S. ; Proprietor, • Wangsgaard Coal & 
Stoker Co., 167 S. Main St., and 225 E. 
Second St., Logan, Utah. 

WARD, Frank J. (M 1936) Owner, • Frank J. 
Ward Co., 237 W. Court St., Cincinnati, 
Ohio, and Alexander Pike, Cold Spring, Ky. 

WARD, O, G. (M 1919) Vice-Pres. and Dist. 
Mgr., • Johnson Service Co., 1355 Washing- 
ton Blvd., Chicago 7, and 1345 Ashland Ave., 
Wilmette, 111. 

WARDELL, Arthur (M 1935) Asso. Prof, of 
Engrg. Drawing, University of Toronto, and 

• 124 Melrose Ave., Toronto, Ont., Canada. 

WARE, John H., HI (M 1937) Vice-Pres., 

• Gas Oil Products, Inc., 46 S, Third St., 
and *The Yews,’* Oxford, Pa. 

WARNER, Cecil F.'*' (J 1941) Instructor in 
Mech. Engrg., • Mech. School, Purdue Uni- 
versity, and 314 W. Lutz Ave., West Lafay- 
ette, Ind. 

WARREN, Clarence N, (M 1919) Vice-Pres. 
and Ass’t. Mgr., • Hayes Brothers, Inc., 236 
W. Vermont St., and 419 East 48th St., 
Indianapolis, Ind. 

WARREN, Francis C. (M 1984) Branch Mgr., 

• American Blower Corp., 200 Division Ave., 
N., Grand Rapids 2, and 329 Gladstone Ave., 
Grand Rapids 6, Mich. 

WARREN, Hugh P. (J 1943; S 1940) Ma- 
terials Foreman, Field Research Dept., 

• Magnolia Petroleum Co., Box 900, Dallas 1, 
and 2309 Aster, Fort Worth 8, Texas. 

WARREN, Robert M., Jr. (A 1943; J 1938) 
Lt., Army Air Force, Adv. Cadet Detach- 
ment, Box 469, Selman Field, Monroe, La., 
and •313 N. Main St, Sumter, S. C. 
WASHINGTON, L. W. (M 1929) Dist. Mgr., 

• The Powers Regulator Co., 702 Amercian 
Bldg., Cincinnati 2, and 1627 Northwood Dr., 
Cincinnati, Ohio. 

WASSON, Robert A, (Af 1938) Eastern Dist. 
Mgr., • Clarage Pan Co., 600 Fifth Ave., 
New York 18, and 15 Willow St, Brooklyn, 
N. Y. 

WATERFALL, WaUace- (M 1941) Dir., Re- 
search Engrg., • The Celotex Corp., 120 S. 
LaSalle St., Chicago, 111. 

WATERMAN, John Howard {M 1931) Engr., 

• Charles T. Main, Inc., 201 Devonshire St, 
Boston 10, Mass. 

WATERS, G. G. (M 1931 ; A 1926) Dist Mgr., 

• American Blower Corp., 1841 Oliver Bldg , 
and 110 Longuevue Dr., Pittsburgh 16, Pa. 

WjATKINS, George B. (A 1936) Dir. of Re- 
s^reh, ♦ Libbey-Owens-Ford Glass Co., Tech- 
nical Bldg., 1701 B. Broadway, and 4941 
Rolandale Rd., P. O. Box 227, R. R. 8, 
Toledo, Ohio. 

WATSON, Gerald M. (S 1941) Lt, • G.H.G. of 
H.D.C., Westport, Wash. 

WATSON, William W. (A 1942) • Box 91, 
Clarkston, Mich. 

WATT, Robert D. (A 1943; J 1937) Pres., 
Electro! Oil Burner Corp., Aurora at Mercer, 
and ■ 3617-47th, N.B., Seattle, Wash. 

WATTS, Albert E. (A 1937) Gen. Mgr., A. E. 
Watts, 637 Craig St, W., and • 3788 Hamp- 
ton Ave., N.D.G., Montreal, Que., Canada. 
WATTS, If. Copeland (M 1943) Consulting 
Htg.-Vtg. Engr., • J, Roger Preston & Part- 
ners, Dilke House, Malet St, W.C, 1, and 18 
Ossulton Way, London, N. 2, England. 

WAY, William J., II (J 1941) Partner, Way 
Engineering Co., P. O. Box 8066, Houston 4, 
and • 2321 Dryden Ave., Houston 6, Texas. 
WAYLAND, Clarke E. (A 1937) Vice-Pres. 
and Chief Engr., • Western Asbestos Co., 
676 Townsend St, San Francisco 3, and 42 
Allston Way, San Francisco, Calif. 


WEATHERBY, Edward P., Jr. (A 1943 ; 
J 1936; S 1936) Major, 0-325054, Eighth 
Fighter Command Hqs., A. P. O 637, c/o 
Postmaster, New, York, N. Y., and • 518 
Martinique St, Dallas 10, Texas. 

WEAVER, J. V. 0. (M 1940) Lt Col., Air 
Corps, Chief Components Branch, Resources 
Control Section, Wright Field, and ♦ 321 
Lomsdale, Oakwood, Dayton, Ohio. 

WEBB, Ernest C.-* (M 1936) Engrg, Service 
Mgr., • Iron Fireman Manufacturing Co., 
8170 West 106th St. Cleveland 11, and 24721 
Westlake Rd., Bay Village, Ohio. 

WEBB, John W. (M 1926) Managing Dir,, 

• Webb Dust Removing & Drying Co., Vin- 
ery Works, Town Lane, Denton, N. Man- 
chester, and “Ebor,’* Brinninglon, Stock- 
port, England. 

WEBBER, Charles H. (A 1940) Sales Engr., 

* Pacific Scientific Co., 1430 Grande Vista 
Ave,, Los Angeles 23, and 1176 Mt. Lowe 
Dr., Altadena, CaJif. 

WEBER, Erwin L. (M 1921) Consulting Engr., 

• 634 Medical Arts Bldg., Seattle, Wash. 

WEBER, Eugene F. (A 3940; J 1937) Engr., 
York Corp., X17 South 11th SL, 8t. 1-ouis 2, 
and • 607 Forest Ct., Clayton 5, Mo. 
WEBER, Frank J. 1943) Owner, • Frank 
J. Weber & Associates, 443 Delaware Ave., 
Buffalo, and Truscott Terr., R. P. D. 4, 
Hamburg, N. Y. 

WEBSTER, Chester C. (A 1940) Pre.s., • John 
Hankin & Brother, 120 Greenwich St., New 
York 6, and Box 192, Piermont, N. Y. 
WEBSTER, E. Kessler 1915) Pres., • War- 
ren Webster & Co., 1626 Federal St, Cam- 
den, and Cor. First & Kings Highway, Had- 
don Heights, N. J. 

WEBSTER, Warren, Jr. (M 1932; .7 1927) 
Major, U. S. Army, and * 108 Colonial Rid»'e 
Dr., Haddonfield, N. J. 

WEBSTER, William H., Jr. (M 1942 ; A 1935) 
Pres., • Allied Heating Products Co., Inc., 
2706 Colley Ave,, and 200 N. Shore Rd., 
Norfolk, Va. 

WECHSBERG, Otto (M 1932) Pres, and Gen. 
Mgr , • Coppus Engineering Corp , 31 1 Park 
Ave., Worcester 2, and 28 Lenox St., Wor- 
costal* 3Mfl«s3 

WEDDELL, George O. (M 1936) Branch Mgr., 
York Corp., 7 Ferry St., Pittsburgh 22, and 

• 3114 Wainbell Ave., Dermont, Pittsburgh 
16, Pa. 

WEEKES, Roy W. (M 1941) Chief M<'ch. Tn- 
spector, Defense Construction, and • 2705 
Conestoga, Louisville, Ky. 

WEGMANN, Albert (M 1918) Sheet Metal 
Contr., A. Wegmann Co., 2H01-7 W. Suh<;uc- 
hanna Ave., and • 6206 North 17th St., Phila- 
delphia, Pa, 

WEIL, F. H. Eugene (A 193vS) Salen Engr., 
Young Radiator Co., liacme, and • 2616 
North 69th St., Milwauket’* 10, Wis. 

WEIL, Leo S. (M 1940) Cons, Engr., • S. 
Weil & Walter B. Moses, HOI Au<Jtthon Bldg., 
and 478 Broadway, New Orleans, La. 

WEIL, Martin (A 1925) PrcH., • Weil-Mcljain 
Co., 641 W. Lake St., Chicago 6, and 4269 
Hazel St, Chicago 13, 111. 

WEILAND, Carl C. (A 1944) Pres. & Mgr., 

• Central Supply Co„ 210-238 S, Gajdtd 
Ave., and 428 E, 48th St., Indianapolis, Iri<L 

WRIMER, Fred G. (A 1910) Mgr., • Mihvnuk<<v 
Office* Kewanee Boiler Corp., 312 E. Wis- 
consin Ave.. Rm. 602, and 3958 N. St o well 
Ave., Milwaukee, Wis. 

WEINERT, Prod C. {A 1937) AhsI. Con, 
Branch Mgr., • Chamberlin Metal Weather 
Strip Co., 1254 Labrosse St,, Detroit, and 
9909 Auburndale, Route 4, Plymouth, Mich. 

Theodore* A/fiw6or; 

M 1906) (Board of Governors, 1913) Consult^ 
mg Engr., • 2419 Kimball Ave., Chicago. Ill 
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WEIR, Frank F. (A 1943) Mgr., • T. McAvity 
& Sons, Ltd., 171 Market St., E,, Winnipeg, 
and 374 Overdale Si., St, James, Man., 
Canada. 

WEISS, Arthur F. (M 1928) Burnham Boiler 
Corp., Irvington, and • 134 Parrington Ave., 
North Tarrvlown, N. Y. 

WEISS, Carl A. (M 1936 ; A 1924) Vice-Pres,. 

• Kornbrodt Komice Co , 1811 Troost Ave., 
.and 29 East 68th St., Kansas City, Mo, 

WEISS, Edward J. (M 1942) * 1113 Van Vel- 
sen St., Schenectady, N, Y. 

WEITZEL, Cameron B. (M 1936) Owner and 
Operator, • 122 E. High St., Manheim, Pa. 
WEITZEL, Paul H. (A 1942 ; J 1936 ; S 1934) 
Aircraft Salvage Engr., Armstrong Cork Co., 
and • 835 College Ave., Lancaster, Pa. 
WELCH, T.iOuis A., Jr. (A 1929) Owner, 

• Welch Bros , 443 Second St , and 2001 
Campbell Ave., Schenectady, N, Y. 

WELDY, Llovd O. (M 1930) Dial. Mgr., • The 
l*ov\era Regulator Co., 2012 West 25th St., 
Cleveland 13, and 19623 Laui'el Ave., Rocky 
River 16, Ohio. 

WELLS, Donald E. (M 1942) Products, Inc., 
1006 Liberty Bldg., Des Moines 9, and • 701- 
42nd St, Dos Moines 12, Iowa. 

WELLS, Earl P.* (M 1938) Refrig. Engr., 
Gay Enjiiinooring Corp., 2730 East 11th St, 
Loa Angelos 23, and •1138 Graynold Ave., 
Glendale 2, Calif. 

WELLS, Edward E, (M 1041) Gen. Engrg. 
Dept, Aluminum Company of Canada, 620 
Sun Life Bldg., Montreal, and • 6 St John 
Rd., Points Claire, Quo., Canada. 

WELLS, William F.*" (M 1939) Dir. Lab. for 
Study of Air-Borne Infection, • University of 
Pennsylvania, Medical School, Philadelphia, 
and 112 lUne Ridge Rd., Media, Pa, 
WENDT, Edgar F. (M 1918) Pres., • Buffalo 
Forge Co., 490 Broadway, and 120 Lincoln 
Pkwy., Buffalo, N. Y. 

WENDT, Edwin H. (A 1942; J 1936) Engr., 

• O. A. Wendt Co., 2124 N. Southport Ave., 
and 472H N. Lawndale Ave., Chicago, 111. 

WERKEK, Her wart (Af 1939) Engr., Amcri- 
ean Radiator & Standard Sanitary Corp., 
Iniititule of Thorma Research, 675 Bronze 
Uiv< r Rd., and • 38 Loring Ave., Yonkers 4, 
N, y. 

WERNER, John G. (M 1937) Mgr., Bryant 
Air Conditioning Co., Shorehara Bldg., Wash- 
ington, and • 3130 Wisconsin Ave.. N.W., 
Washinglun 16, D. C. 

WERNER, P. n. (.1 1941 ; J 1039) Capt, U. S. 
Army, and • 7926 Michincr St, Philadelphia 
19, Pa. 

WERNER, Richard K. (M 1936) Cons. Engr., 

• 310 W. T. Waggoner Bldg., Ft Worth 2, 
and Jacksboro Highway, Ft. Worth 7, Texas. 

WESLEY, Ray 0. (A 1937) X'artner, • Navarre 
IMumbing ^ Heating Co., 2308 Fourth Ave., 
Seattle, and K. P. D. #1, Woodinville, Wash. 
WEST, ClinrlcH IL, Jr. <A 1941) Vice-Pres., 

• Mit'iscy, Wood ^ West, Inc., Lombardy 
linderpaHH, Richmond, Va. 

WEST, Perry* {U/c. Mvmhr.r; M 1911) (Tri‘aa., 
1924-25) (Council, 1920-25) Prof., Hoad, 
Dept, Mech. Kngr,, and CuusuUant on Ceu- 
truj Htg. Plant and DistrShutitm System, 

• College of Knginecring, University of Ken- 
tucky, lA'xinghm, and 30S W. Oak, Nicholas- 
ville, Ky. 

WESTENDARP, Francisco G. <M 3939) Mgr., 

• Carrier Dept., Ouinand Preres Sucrt. Dept, 
Tiiuiico Apartado 668, Caracas, Venezuela. 

WESTOVEK, WendeH (W 1986) OoU, U, S. 
Army, Prifl,, • WeutovoT-Wolfc, Jm*., 170 

Wiwhinglun Avo,, Albany, N. Y. 
WESTPHAL, N. B. 1040 : S 1937) Lt, U.S. 
N.R., • USS Canberra, c/o Fleet Postmaster, 
New York, N. Y., and Long Beach Stop 29, 
Michigan City, Ind, 


WETZELL, Horace E. {M 1934) Vice-Pres. 
and Ohirf Engr., • The Smith & Oby Co., 
6107 Carnegie Ave, Cleveland 3, and 21144 
Aberdeen Rd., Rocky River 16, Ohio. 
WHEELER, Charles A. (M 1941) Branch Mgr., 

• Johnson Service Co., Bll Fifth Ave., and 
845-491h St. Place, Des Moines, Iowa. 

WHEELER, Charles W. (M 1916) Engr. • The 
Ric-wiL Co., 1562 Union Commerce Bldg., 
Cleveland, and 11869 Edgewater Dr., Lake- 
wood, Ohio. 

WHEELER, Joe, Jr. (M 1938) Sales. Repr„ 

• Johnson Service Co., 28 East 29th St, 
New York, and 261 Dogwood Lane, Man- 
hasset, L I., N. Y. 

WHELAN, William J. (M 1923) Estimating, 

• Harrigan & Reid Co., 1366 Bagley Ave., 
Detioit 26, and 3790 Seminole Ave., Detroit 
14, Mich. 

WHITE, Eugene B. (M 1934) Archt and Engr., 

• Young Men’s Christian Assn., Arch. Oflice, 

19 S. LaSalle St, Chicago, and 126 S. East 
A.VG Os-lc Psirlc 111* • 

WHITE, John C. '(M 1932) Stale Power Plant 
Engr., • State Bureau of Engineering, 624 E. 
Main St., and 622 E. Main St, Madison, Wis. 
WHITE, John H. (A 1944 ; J 1943) Pres, and 
Treas., • Taco Heaters, Inc., 342 Madison 
Ave., New York 17, N. Y- 
WHITE, Thomas J. (A 1941 ; J 1938) Ameri- 
can Blower Corp., and • 2340 Pelham PL, 
Oakland, Calif. 

WHITE, W. Emery (M 1941) Partner, • The 
Smith- White Co., 1102 Commerce Trust 
Bldg., and 7411 Ward Pkwy., Kansas City, 
Mo. 

WHITE, William R. (M 1938; A 1936) Indus- 
trial Engr., • Nebraska Power Co., 718 Elec- 
tric Bldg., and 4916 Grand Ave., Omaha, 
Nebr. 

WHITEHURST, Bert W. (M 1942) • Stone & 
Webster Engineering Co , 49 Federal St, 
Boston, Mass. 

WHITELAW, H. Leigh (M 1016) Managing 
Dir„ • Association of Gas Appliance and 
Equipment Manufacturers, 60 East 42nd St, 
New York 17, N. Y., and Cummings Point, 
Stamford, Conn. 

WHITMER, Robert P. {M 1936) Secy.. • Ameri- 
can Foundry & Furnace Co,, and 1402 E. 
Washington St, Bloomington, 111. 
WHITNEY, C. W. (M 1935) Pres , • ABC Oil 
Burner & Engineering Co., Inc., 2012-14 
Chestnut St, Philadelphia, and 42 Llanber- 
ria Bd., Bala-Cynwyd* Pa. 

WHITT, Sidney A. {A 1938; J 1937) Chief 
Design Engr., Fedders Manufacturing Co., 
Inc., 57 Tonawanda St, Buffalo 7, and • 30 
Granger PL, Buffalo 9. N. Y. 

WHITTAKER, Wayne K. (A 1935) Engr., 
Irving Trust Co. Bldg,, 1 Wall St, Now 
York, and • 119-28-226 th St, St Albans, 
L. I., N. Y. 

WHITTEN, H. E. (Life Member; M 1924) 
Pres, and Treas., H. E. Whitten Co., 9 Fed- 
eral Court, Boston, and • 66 Highland Rd., 
Somerville, Mass. 

WHITTLESEY, Welsh C.* (Af 1941) Sr. Engr., 
Navy Dept,, Bureau of Ships, Washington, 
D. C., and • 1600 S. Barton #590, Arling- 
ton, Vju 

WIDDOWFIELD, A, S. (A 1941 ; J 1937) Lt 
U.S.N.R., Navy Yard, Planning Sect, Navy 
No. 128, c/o Fleet Post OfUce, San Fran- 
cisco, Calif. 

WUDMER, Walter J. (A 1939) Secy.-Treas,, 

• Widmer Plumbing & Heating Co., 34 N.E. 
Seventh Avo., Portland 14, and 1566 N, 
Shaver St., Portland 12, Ore, 

WIEDENMANN, W. A. (A 1942) Sole Owner, 

• W. C. Wieclenmann & Son, 1820-24 Narri- 
Hon St., and 6718 Rockhill Rd., Kansas City, 
Mo, 
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WIEGNER, Henry B. (M 1919) Mjrr . Boston 
Office, Johnson Service Co., 20 Winchester 
St., Boston 16, and • 143 Standish Rd , 
Watertown 72, Mass. 

WIGGS, G. Lome (M 1936 ; A 1932 ; J 1924) 
(Council, 1938-40) Consulting Engr , • 714 
University Tower Bldg , and 4797 Grosvenor 
Ave,, Montreal, Que., Canada. 

WILDE, Ray S. M. (M 1916) Mech. Engr . 
Giffels & Vallet, Inc., 1000 Marquette Bldg., 
and • 13286 Griggs, Detroit, Mich. 

WILDER, Edward L. (M 1915) Industrial Pro- 
motion Mgr , • Rochester Gas & Electric 
Corp., 89 East Ave,, Rochester 4, and 869 
Bonnie Brae Ave., Rochester 7, N. Y. 

WILDMAN, Eugene L. (A 1942 ; J 1939) Mech. 
Engr., Aimirall & Co., Inc., 53 Park PL, 
New York, N. Y., and 108 N. Second St., 
Lewisburg, Pa. 

WILE, Daniel D. (M 1944) Development Dept., 
Carrier Corp., and • 225 Grant Blvd., Syra- 
cuse, N. y. 

WILEY. Donald C.* (A 1989 ; J 1936) • John 
J. Nesbitt, Inc., State Ed. & Rhawn St., 
Philadelphia, and County Line Rd., Hunting- 
don Valley, Pa. 

WILHELM, Joseph E. (M 1943 ; J 1936 ; S 1934) 
Chief Engr., Avery Engineering Co., 1906 
Euclid Ave., Cleveland, and • 294 Bast 196th 
St., Euclid, Ohio. 

WILKES, Gordon B.* (M 1937) Prof of Heat 
Engrg., • Massachusetts Institute of Tech- 
nology, Cambridge, and 51 Everett St., New- 
ton Centre, Mass. 

WILKINSON, Arthur (A 1936) Flight Lt., 
Royal Canadian Air Force, Aeronautical 
Engrg. Div., No, 3 Training Command Hdq., 
276 St. James St., Montreal, and • 617 Lans- 
downe Ave., Westmount, Que., Canada. 

WILKINSON, F. J. {M 1933) Mgr., Central 
Engrg. Service, Montgomery Ward & Co., 
Chicago Ave. & Larabee St., Chicago, and 

• 18267 Martin Ave., Homewood, 111. 

WILLARD, Arthur C.*‘ (Life Member ; M 1914) 

(Presidential Member) (Pres., 1928 ; 1st Vice- 
Pres, 1927; 2nd Vice-Pres., 1926; Council, 
1925-29) Pres., * University of Illinois, 356 
Administration Bldg., and 711 Florida Ave., 
Urbana, 111. 

WILLEY, Earl C. (M 1934) Prof., Mech. 
Engrg., • Oregon State College, and 121 
North 29th St-, Corvallis, Ore. 

WILLIAM, F. C. (M 1943) Field Engr., 

• American Blower Corp., 1003 Statler Bldg., 
Boston 16, and 91 Parker Rd., Wellesley, 
Mass. 

WILLIAMS, Allen W. (Life Member; A 1916) 
Secy.-Treas., • Nation^ Warm Air Register 
Manufacturers Institute, Rm. 808, 5 E. Long 
St., Columbus 16, and 61 Meadow Park, 
Bexley 9, Ohio, 

WILLIAMS, Chester D. (M 1938) Mgr., • Gen- 
eral Air Conditioning & Heating Co., 8969 
Piedmont Ave., Oakland 11, and 2709 Col- 
lege Ave., Berkeley, Calif. 

WILLIAMS, Donald D. (M 1942; A 1940; 
J 1938) Assoc. Combustion Engr., • U. S. 
Army Engineers, Room 311, Federal Bldg., 
and 4902 Popleton, Omaha, Nebr, 

WILLIAMS, Doziald L* (M 1941) Engr., • Gen- 
eral Air Conditioning & Heating Co,, 8969 
Piedmont Ave., and 67 Glen Ave., Oakland, 
Calif. 

WILLIAM^, E. Bryan (A 1943) Research 
Engr., The Torrington Manufacturing Co., 
Torington, and • P. O. Box 188, Litchfield, 
Conn. 

WILLIAMS, Elwin C. (A 1939) Salesman, 

• Hoffman Specialty Co., Inc., 4028 Egbert 
Ave., Cincinnati 20, Ohio. 


WILLIAMS, Frank H. (.1 1940, J 1931) Lt. 
( 3 g) U.S.N.R., Rm. 2221, Navy Bldg., and 

• 1633 Foxhall Rd., N.W., Wabhiugton 7, 
D. C. 

WILLIAMS, Garland E. (J 1943) Sr. Engrg, 
Diaft&man, Hull Drafting Rm , Norfolk 
Navy Yard, Portsmouth, and • 312 Fairfax 
Ave., Norfolk, Va, 

WILLIAMS, G. M. (M 1928) Consulting Engr., 

• Architects & Builders Bldg , Indianapolis, 
Ind. 


WILLIAMS, Gordon S. (A 1941 ; J 1937 ; 
S 1936) Partner, • Augur-Williams Co., 16 
Chapel St., Woodmont, Conn. 

WILLIAMS, H. Edmund {J 1939) Engr., 
Bureau of Yards & Docks, U. S. Navy Dept., 
621 Fifth Ave., and • 14 West 103rd St., 
New York, N. Y. 

WILLIAMS, J. Walter (Life Member; M 1915) 
Pres., • Forest City Plumbing Co., 332 E. 
State St., and 928 E. State St., Ithaca, N. Y. 

WILLIAMS, Lyle G. (M 1939) Mech. Engr., 
Lake Washington Shipyards, Houghton, and 

• 6655-83rd Ave., N.E., Seattle 6, Wash. 

WILLIAMS, William A. (M 1943) Enur., II tg. 

and Vtg,* General Elacinc Co., Ruer 
Works, and 46 Biookline St., Lynn, Mass. 

WILLIAMSON, Chester C. (M 1942) Defense 
Project Engr., Chicago Metal Hose Corp., 
1316 S. Third Ave., Maywood* and • 620 Car- 
penter, Oak Park, 111. 

WILLNER, Ira (M 1937) Pies., • WiUner 
Heating Co., Inc., 415 Lexington Ave , New 
York 17, and 125 East 93rd St.. New York 
28, N. Y. 

WILLS, Fred W. (J 1938) Lt., Air Corps; 
Sales Engr., Tuttle & Bailey, Inc , and • 2257 
W. Addison St , Chicago, 111. 

WILLSON, Frank J. (M 1941) Vico-Pres., 

• Dolhnger Corp., 11 Centre Park, and 2219 
Westfall Rd., Rochester, N. Y. 

WILMOT, Charles S. (M 1919) Executive 
Engr., U. S. Navy, Dept. Yards and Docks, 
and • 436 Haverford Ave., Narberth, Pa. 

WILSON, Alexander M. (J 1942; S 3939) En- 
sign, U.S.N.R., and • 833 South Barrowes, 
State College, Pa. 

WILSON, Donald P. (M 1943) Chief Drafts- 
man, McQuay, Inc., 1729 Broadway, N.K., 
Minneapolis 13, and • 3380 Brunswick, St, 
liouis Park 16, Minn. 

WILSON, George T. (M 1925) S.ilos Engr., 
Gurney Foundry Co., Ltd., 4 Junction Rd., 
Tbronto, and • 25 Tyre Ave., Islington, Ont,, 
Canada. 

WILSON, James (M 1942) Service Engr,, 
Darling Bros., Ltd., 140 I’nncc St, Montreal, 
and • 4269 Kingston Ave., N.D.G,, Montreal, 
Que., Canada. 

WILSON, Raymond W. (M 1934) Member of 
Firm, Wilson-Brinkcr Co., 309 Pythian lildg., 
Kalamazoo 9, and • 2414 S. Westnedge Ave., 
Kalamazoo 84, Mich. 

WILSON, Robert A. (M 1930) Sales Engr., 
Minneapolis-Honeywell Regulator Co., 5005 
Euclid Ave., Cleveland, and • Briar II ill, 
Solon, Ohio. 

WILSON, Victor H. (A 1938) Engr.-Di.stribu- 
tor and Contractor in Refractories, Phbriro 
Jointless Firebrick Co., 403 Hitchcock Itidr., 
Nashville, and • *^The Thistle-Patch,*' Donel- 
son, Tenn. 


WILSON, Westray E. (A 1939) Lt Col., U. S. 
Army ; • Wilson Plumbing Co., 227 Haywood 
Rd., and 110 Salola St, Asheville, N, 0. 
Wn^ON, m H. (A 1932) Chief Power Plant 
Engr., Pullman-Standard Oar Manufacturing 
Co , 11001 Cottage Grove Avo,, and • 22 Went 
noth PL, Chicago 28, 111, 

WILTBERGER, Constant F. (M 1935) Partner. 
Consulting Engrg., Pennell & Wiltherger, 
Land Title Bldg., Philadelphia 10. and • 2660 
N. Ninth St, Philadelphia 33. Pa, 
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WINANS, G. D. (M 1929) Engr. of Steam 
Distribution, • The Detroit Edison Co , 2000 
Soconil Ave., Detroit 20, and 16183 Wiscon- 
sin, Detroit 21, Mich. 

WINKLER, Ralph A, (A 1940. ,/ 1987) Engr., 
A, E. Winkler & Sons, Inc., 2337 North Slst 
St, Milvvaukeo 10, and • P. O. Box 179, 
Elm t»ro\e, Wis. 

WINSLOW, C.-E. A.^ (M 1932) (Council, 
1010-43) (2nd Vice-Prcs , 1043) Prof, of Pub- 
lic Health, ♦ Yale University, 310 Cedar St., 
and 314 Prospect St., New Haven, Conn. 
WINTERBOTTOM, Ralph P. (M 1923) Engr., 
Winterbotlom Supply Co., and • 720 Moir, 
Waterloo, Iowa. 

WINTERER, Frank C. (M 1920) Branch Sales 
Mgr., • American Radiator & Standard Sani- 
tary Oorp., 310 Broadw.iy, St. l^aul 1, and 
836 Juno Ave., St. Paul 2, Minn. 

WISE, Mason W. (M 1923) Owner, M. W. 
Wihc Co., “L.ikewood,” and • 1656 Melrose 
Dr, S.W, Atlanta, Ga 

WISER, C. E. (.1 1911) Production Coordina- 
tor, MinnoapoliM-Honeywell Regulator Co., 
and * #2 Itonbrook Dr., Wabash, Ind. 
WITHERIDGE, David E. (J 1936) Cons Engr., 

• W. A. Withcridge Co., 2340 Mershon St., 
Saginaw, Mich. 

WITMER, Howard S. (A 1937) United States 
Rubber Co., 6600 E Joiferbon Ave , and 

• 2217 Harding Ave., Detroit 14, Mich. 
WITTK;, Frederick E. (J 1939) Inbtructor, 

• Pratt Institute, 215 Ryerbon St., Brooklyn 
6, and Box 145, Glenwood Landing, L.T., 
N. y. 

WORSE, Carl P. (M 1934) Consulting Engr, 

• Robbon & Wocbe, Inc., 1001 Burnet Ave., 
and 266 Uobineau Rd., Syracuse, N. Y. 

WOLFE, John S. (M 1941) Engr., Euemelin 
Manufacturing Co., 3860 N. Palmer St., and 

• 2004 N. BarUett Avo., Milwaukee, Wis. 
WOLIN, M. W. (J 1938; S 1937) a/c 12176791, 

Sciuadron C, See. 6203 ACPTS, Seymour 
Johnson Field, N. C. 

WOLL, Willard M. (M 1938) Engr., • Com- 
monwealth Edison Co., Rni. 1025, 72 W. 
Adams St , and 9320 S. Throop St., Chicago, 
ni. 

WOLLENJJERGER, Louis (Al 1938) Industrial 
Gas Engr., • Coast Counties Gas <& Electric 
Co., 22 Pacific Ave,, Santa Cruz, Calif. 
WONG, Wilfred S. B. (Af 1938) • American 
Engineering Corp-, 989 Bubbling Well Rd.* 
and 669 Hart Rd., Shanghai, China. 
WONSON, Arthur S., Jr. (J 1941; S 1938) 
Navy Yard, Boston, and • Walnut Park Ave., 
Essex, Mass. 

WOOD, Alfred W. (A 1041; J 1988) Flight Lt„ 
R.C.A.F, Station, Mountain View, Ont,, 
Canada, and ♦ 36 Dufterin St., Ingcrsoll, 
Ont., Canada. 

WOOD, Charles F, (M 1937) Air Cond. Mgr., 
Prod. Development and Application Dept., 
Frigidairc Div„ General Motors Sales Cori>., 
300 Taylor St, Dayton 1, and • R. R. 1, 
Spring Valley, Ohio. 

WOODGER, Herbert W. (M 1989) Htg. and 
Vig. Engr., • General Electric Co., 100 Wood- 
lawn Ave., Pittsfield, and ‘Tineacres,” East 
St, l>ncx, Mass, 

WOODHOUSE, Graham D. (A 1938) (3en. 
Supt, Dowagiac Steel Furnace Co., and • 804 
West St, Dowagiac, Mich. 

WOODMAN, Lawrence E. (M 1934) Owner, 

• Woodman Engineering Co., 203 E. Capitol, 
and 925 Adams, JefFerson City, Mo, 

WOODS, Baldwin M. (M 1937) (Council, 1942- 
43) Director of University Extension, • Uni- 
versity of California, and 249 The Uplands, 
Berkeley 6, Calif. 


WOODS, Charles F. (A 1940) Service and In- 
stallation Mgr , • Brown Instrument Div , 
Minneapolis-Honey well Regulator Co., 1907 
Federal St, Dallas 1, and 7123 Thurston Dr., 
Dallas, Texas. 

WOODS, Edward H, (M 1934) • 916 College 
Ave , Niagara Palls, N. Y 

WOOLLARD, Mason S. (M 1934) Harry H, 
Angus, Consulting Engr., 1221 Bay St., To- 
ronto 1, and • 31 Hillcreat Park Ave., To- 
ronto 5, Ont, Canada. 

WOODCOCK, Edwin (A 1938) Owner, • Wool- 
co-‘k Plumbing & Heating Co., 2217-15th St, 
and 440 Memorial Pkwy., Niagara Falls, 
N. Y. 

WOOLSTON, Robert H. (A 1944; J 1941) 
Partner, Woolston-Woods Co., 2132 Cherary 
St , and * 358 W. Mt. Airy Ave., Philadel- 
phia, Pa. 

WOOTEN, M. Frank, Jr. (M 1941, A 1940) 
Cons. Engr., Wooten & Wooten, Conbulting 
Engr., 104 Latla Arcade, and • 400 Cherokee 
Rd., Charlotte, N C. 

WORKMAN, Albert E. (A 1941) Lt (jg) 
U S.N.R , and * 14601 Bayes Ave., Lake- 
wood, Ohio. 

WORMLEY, Robert P. (A 1938) Branch Mgr., 

• Grinnell Company of Canada, Ltd., 700 
Beaumont Ave , Montreal, Que., Canada 

WORSHAM, Herman (M 1926; J 1918) War 
Products Training Service, • Frigidaire Div., 
General Motors Corp., 300 Taylor St, Dayton 
1, and 624 Daytona Pkwy., Dayton 6, Ohio. 

WORTHINGTON, Thomas H. (M 1937) Mgr., 
Eastern Htg. Sales, • Standard Sanitary & 
Dominion Radiator, Ltd., 405 Bcaubien St, 
W., Montreal, Que., Canada. 

WORTON, William (M 1937) Mgr., • 0. A. 
Dunham Go., Ltd., 504 Scott Block, and 292 
Lansdowne Ave., Winnipeg, Man., (Canada. 

WRIGHT, Calvert C. (M 1944) Prof., Fuel 
Technology, • School of Mineral Industries, 
Pennsylvania Stale College, and 314 Arbor 
Way, State College, Pa. 

WRIGHT, Clarence E. (A 1940; J 1985; 
S 1933) Mgr., Htg. Dept, Fairmont Wall 
Plaster Co., Tenth St, and • 303 Nuzum PL, 
Fairmont, W. Va. 

WRIGHT, H. H. (M 1917) Owner, • H. H. 
Wright Co., 1322 Walnut St, Kansas City 6, 
and 808 Green way Terrace, Kansas City 6, 
Mo. 

WRIGHT, John B. (M 1940) Sales Engr., • The 
Nash Engineering Co., South Norwalk, and 
Rowayton, Conn. 

WRIGHT, K. A. (M 1921) Branch Mgr., 

• Johnson Service Co., 1906 Dunlap St, Cin- 
cinnati, Ohio, and 113 Orchard Rd , Ft. 
Mitchell, Covington, Ky. 

WRIGHT, Lawrence T., Jr. (J 1943) Asst 
Prof, of Heat-Power Engrg., • Cornell Uni- 
versity, College of Engineering, Ithaca, N. Y. 

WRIGHT, Norman S., Jr, (A 1942; J 1941) 
Mfrs. Repr„ • 260 Perry St, San Francisco, 
and 22 Hillcrest Ed., Mill Valley, Calif. 

WRIGHTSON, Wilbor T. (Af 1987) Eastern 
Mgr., • Garden City Fan Co., 56 West 42nd 
St, New York 18, and 22 Sagamore Rd., 
Bronxville 8, N. Y. 

WUNDERLICH, Milton S.* (M 1926) Gen. 
Sales Mgr., Insrulite Div., Minnesota & On- 
tario Paper Co., 600 Baker Arcade, Min- 
neapolis, and • 546 Mt Curve Blvd., St 
Paul, Minn. 

WYATT, DeWitt H. <M 1936) Sr. Research 
Engr., Engineering Experiment Station, 
Ohio State University, Columbus 10, and 

• 123 Acton Rd., Columbus 2, Ohio. 

WYLD, R. G. (M 1937) Lt, U.S.N.R., • 407 

Terminal Bldg., and 26 Broadway, Roches- 
ter, N. Y. 
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WYLIE, Howard M. (M 1925; J 1917) Vice- 
Pres. in Charge of Sales, The Nash Engi- 
neering Co , and • 51 Elmwood Ave., S. 
Norwalk. Conn, 

Y 

YAGER, John J. (M 1921) Pres.. Goergen- 
Mackwirth Co., Inc., 817 Sycamore St,, and 

• 426 Woobridge Ave,, Buffalo, N. Y. 
YAGLOU, C. P.-** (M 1923) Assoc. Prof. In- 
dustrial Hygiene, • Harvard School of Public 
Health, 56 Shattuck St., Boston, and 10 
Vernon Bd., Waverley 79, Mass. 

YARBOROUGH, T. R. {M 1938) Produstion 
Analyst, War Production Board, 318 Phoenix 
Bldg., and ♦ Claridge Manor Apts., 2631 
11th Ave., Birmingham, Ala. 

YATES, Joseph E. {M 1939) Safety Supvr., 

• Pacific Power & Light Co., 405 Public 
Service Bldg., Portland, Ore. 

YATES, Walter {Life Member; M 1902) Gov- 
erning Dir., • Matthews & Yates, Ltd., 
Cyclone Works, Swinton, and 4 Egerton Pk., 
Worsley, Man., England. 

YERKES, WilUam L. (M 1941 ; A 1937) Car- 
rier Corp., S. Geddes SL, Syracuse, and • 18 
L^itch Ave., Skaneateles, N. Y. 

YOUNG, Oiester C. (M 1943) Utilization 
Engr., Lone Star Gas Co., Dallas Div. of 
Distribution, and • 4336 Stanhope St., Dallas, 

YOUNG, Emil O. (A 1935) Owner, • Young 
Regulator Co., 4600 Euclid Ave., Cleveland 
3, and 3628 Cummings Rd., Cleveland 
Heights, Ohio. 

YOUNG, George H. (J 1944) Dist. Mgr., 

• B. P. Sturtevant Co., 3016 N. Meridian, 
Indianapolis, Ind. 

YOUNG, Harold J. (M 1937) Sales Engr., 
Young Radiator Co., Occidental Hotel Bldg., 
and • 1364 Lakeshore Dr., Muskegon, Mich. 
YOUNG, J. T., Jr. (A 1936) Mgr , • Crane Co., 
Box 709, and 608 Ogden Canyon, Ogden, 
Utah. 

YOUNGER. John R. (J 1941) U.S.N.R., Sp 
8/c (T) • U. S. Naval Training School, 

Wahpeton, N, D. 


z 

ZACK, H. J. (M 1928) Prop., • The Zack Co., 
2311 Van Buren St„ Chicago, 111. 

ZAKI. Hussein M. (J 1941; S 1940) Archi- 
l^tural Engr., • The Tractor & Engineering 
Company S.A.E., Cairo, P. O. B. 866, Egypt. 
ZANONE, Henry A. (A 1943) PIbg. and Htg. 
Supt., • Commonwealth of Kentucky, P. O. 
Box 165, Frankfort, and Rt. 1, Box 441, 
Shively, Ky. 

ZEIGLER, Donald D. (S 1942) Lt., • Propel- 
ler Laboratory, Wright Field, Dayton, Ohio, 
ZIBOLD, Carl E. (M 1929) Mech. Engr., Htg. 
and Vtg., War Dept., Div. Engrg., 270 
Broadway, New York, and • 13 Chadwick 
Rd., White Plains, N. Y. 

ZIEBER, W. E. (M 1935) Director of Research, 

• York Corp., and 22 S. Keesey St., York, Pa. 
ZIEL, Herbert E.* {M 1924) Mech. Engr., 

• Albert Kahn, Associated, 346 New Center 
Bldg., and 694 Glsmn Court, Detroit 2, Mich. 

ZIESSE, Karl L. (A 1931) Partner, • Phoenix 
Sprinlder & Heating Co., 115 Campau Ave., 
N.W., Grand Rapids 2, Mich. 

ZINGHEIM, Wm. C. (M 1943) Owner. • Wm. 
C. Zingheim Co., 460 E. Ohio St , and 8641 
Drexel Ave., Chicago, 111. 

ZINK, David D. (M 1931) Lt.-Col., G.S.C., 
Hq. 7th U. S. Army, APO 768, c/o Post- 
master, New York, N. Y. 

ZINTEL, George V. (A 1941) Lt. (jg) U.S. 
N.R., • Rm. 200, Commerce Bldg., Mihvau- 

ZUBER, Otto C. (A 1938) Chief Engr., 

• Amana Society, Amana, and South Amana, 
Iowa. 

ZUMWALT, Ross (A 1941; J 1038) Partner, 

• Zumwalt & Vinther, 1807 Mercantile Bank 
Bldg., Dallas, Texas. 

ZUROW, William A. (J 1937) Ensiim, U. S. 

Navy, and • 728 S. Tenth St., St. Joseph, Mo. 
ZYNDA, John R. (J 1942) Mech, Engr., Tool 
and Fixture Designer, Reliant Industries, 
Fisher Bldg., and • 8876 Burt Rd., Detroit, 
Mich. 
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SUMMARY OF MEMBERSHIP 


Charter Members 

« 2 

Associate Members 


1068 

Presltlential 

23 

Junior MemhAra 


264 

Life Members 

85 

Student Memhem 


29 

Members 

1873 

Total. 


"3344 




UNITED STATES AND POSSESSIONS 


Alabama 

Arizona 

Arkansas 

15 

3 

4 

California., - 

1.58 

Colorado 

9 

Connecticut , 

47 

Delaware 

12 

District of Columbia 

88 

Florida.- 

22 

Georgia 

60 

Idaho 

2 

Illinois 

265 

Indiana 

90 

Iowa 

37 

Kansas. 

19 

Kentucky 

13 

fiOUislaua^ ,, 

45 

Maine 

6 

Maryia»^d . , . 

62 

Massachusetts— 

104 

Michigan , 

195 


102 

Mississippi *. 

3 

Missouri 

127 

Montana 

. 3 

Nebmka 

24 

Nevada,,,,,, -.v-T-. 

5 

New Jersey 

116 

New V^rk rr,»- - 

424 

Novth Carolina 

,, 46 

Novtli Dakota 

1 

Ohio 

200 

Oklahoma . , , , 

17 

Or^on . , 

.. 42 

Pennsylvania... 

259 

Rhode Island......... 

.... 7 

South Carolina 

9 


South Dakota 2 

Tennessee. 26 

Texas lOS 

Utah 6 

Vermont «... 2 

Virginia 6^ 

Washington 52 

West Virginia 7 

Wisconsin 90 

Wyoming 1 

Alaska S 

Canal Zone. 1 

Hawaii 2 

Puerto Rico 1 


3000 

DOMINION OF CANADA. 243 


FOREIGN COUNTRIES 


Australia.-.,-.. 

Brazil 

Chile- 

Cuba- 


lreland«« 

Mexico 

New 2^aland 
South Africa 

Sweden. 

Turkey 

Venezuela 


Egypt 

England 


India 




$ 

4 

1 

1 

4 

44 

4 
2 
2 
3 

5 

6 
1 
2 


S7 

Addresses Unknown 14 

TOTAL MEMBERSHIP 3344 
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LIST OF MEMBERS 

(Geographically Arranged) 


ALABAMA 
Attalla — 

Gilliland, L. L. 
Birmingham — 

Cause, H. C, 

Myer, H. 

Richards, G. H. 
Walden, H. K. 
Yarborough, T. R. 

Camp Rucker — 
MarshaU, T. A* 
Florence — 

Lecureux, E. E. 

Fort McClellan — 
Friedman, DIH., Jr. 
Jacksonville — 
Killoren, D. E. 
Mobile— 

Spumey, F. E. 
Montgomery — 
Dowdy, R. B. 

Drum, L. J., Jr. 
Laseter, F. L. 

Tuscaloosa — 
Murphree, R. L, 

ARIZONA 
Lowell — 

Vinson, N. L. 

Phoenix — 

Hummel, G. W. 

Tucson — 

Tidmarsh, P, M, 

ARKANSAS 
Fort Smith — 

Schuster, P. H. 

Little Rock — 
Cumnock, H. 

McCoy, C. E. 

Pine Bluff — 

Carnahan, J. H. 

CALIFORNIA 
Alameda — 

Daddario, F. T. 
Berkeley — 

Atkins, G. E. 
Baldwin, K. F., Jr. 


UNITED STATES and POSSESSIONS 


Blum, H.. Jr. 

Gunzel, R. M. 

Brown, S. D. 

Hendrickson, H. M. 

Hansen, W. A, 

Hess, A. J. 

Hutchinson, F. W. 

Hokanson, C. G. 

Kaup, E. 0. 

Hungerford, L. 

Krueger, J. I. 

Kennedy, M. 

Murphy, E. F. 

Kilpatrick, W. S. 

Musser, N. B. 

Lauer, H. B. 

Peterson, C. L. 

Leas, N N. 

Porter, N. E. 

Lowe, R. A. 

Raber, B. F- 

McKenzie, M. C., Jr. 

Woods. B. M. 

Moriarty, J. M. 

Ness. W. H. C. 

Beverly Hills — 

Orear, A. G. 

Belford, L. duB. 

Ott, 0. W. 

Park. J. F. 

Burlingame — 

Parks, C. E. 

HiU, J. A. 

Parsons, J. H. 

Meindoe, J. F. 

Phillips, R. E. 
Phillips, R. H. 

Compton — 

Rodeffer. E. W. 

Jones, D. R. A. 

Stanley, R. L. 
Stewart, W. O. 

Culver City — 

Theobald, A. 

Blake, J, L. 

Walker, W. F. 

Owen, J. D. 

Webber. C. H. 

El Monte — 

Menlo Park — 

Hazlehurst, H. D. 

Martin, G. D. 

Fort Mason — 

Oakland — 

Berzelius, C. E. 

Babcock, P. R. 


Fresno — 

Newman, H. E. 

Glendale — 

Eggleston, H. L. 
Scofield, P. C. 
Storms, R. M. 

WeUs. E. P. 

Hollywood — 
BeachvW. R. 

Huntington Park — 
Hoger, B, E. 

Larkspur — 
Hemingway, J. C. 

Long Beach — 

Barth. J. W. 
Billingsley, 0. F. H„ II 

Los Angeles — 
Anderson, C. S. 
Caskey, T. C. 
Cummmgs, T. P, 

De Flon, J, G. 
deNena, L. I. 

Dieter, G. H. 
Downes, A. H. 
Earhart, J. S. 
English, H. 

Fabling, W. D. 
Fulmor, I. P. 


Blumenthal, M. I. 
Brokaw, G. K. 
Cummings, G. J. 
Emanuels, M. 
Ernst, J. P. 

Kurtz, O. 

Marr, J. M. 
Martens, E. D. 
Murphy, D. 1. 
Shepard, C. R. 
Smith, H. G. 
Terry, S. W. 
White, T. J. 
Williams, C. D. 
Williams, D.,L. 

Pacific Palisades — 
Finney, B. 

Palm Springs — 
Boyd, R. L., Jr. 

Palo Alto — 
Johnson, O. W. 
Towle. P. H. 

Pasadena — 

Gifford, R, L. 

Port Hueneme — 
Holden, R. G, 

Riverside- 
Baker, H. S. 


San Diego — 

Keefer, D. M. 
Sadler, C. B. 

San Francisco — 
Alexander, K. O. 
Baker. R H 
Bentley C K. 
Blooiii'itei, K L 
Boney, A J 
Bouillon, L 
Clupman, E. K., Jr. 
Cochian, L H. 
Cooley, E. C. 
Cushing, R.. C 
Douglass, T C. 
Eskra, G N. 
Everottb, J., Jr. 
Fanning, E. C. 
Folsom, R. A. 
Gayner, J. 

Goins, E. IL 
Green, E. W. 
Grihith, n. T. 
Haley, H. S. 

Hcire, H. A. 
Hickman, H. V. 
Holland, R. B. 
Hook, F. W. 
Hoover, W. L, 
Howes, 1C. W 
Hudson, R. A. 
Hunter, T. B. 

Jones, J. T. 

Kolb, F. W, 
Kooiatra, J. F. 
U-land. W E. 

Mai tin, J. O. 
Melnick, N. A. 
Parker, R. A. 
Peteison, N, H. 
Philip, M. 

Ploskey, JC J, 

Reed, V 

Reilly. P. IL, Jr. 
Rumscy, J. L, 
Scandrctt, II. K. 
Schlick. P. F. 

Scott, R, M. 

Scott, W, P . Jr. 
Sharp, J, R. 

Simons, IC, W. 
Simonson, G. M, 
SoM, F. 

Sprott, J. I. 

Tasnoy, J. S, 
Wayland, K. 
WiddowileW, A, vS. 
Wright, N. S., Jr, 

San Gabriel — 
Grimth, J. B. 

San Marino — 
McGowan, T, E, 
San Pedro — 

Reed, W. H. 
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Santa Cruz — 
Wollonbergcr, L. 
Santa Monica — 
Coghlan, S. F. 
Wali?, C. D. 

Sausalito — 

Howo, W. W. 
Victorville — 

Bachofer, H. A , Jr 

COLORADO 
Colorado Springs— 
Jardinc, P. C. 
Denver — 

Adair, J. S. 

Adams, 1^'. L. 
Fuller, R. A 
Mavea, G. D. 
McNcvin, J. E. 
McQuaid, D. J. 
O’Rcar, L. R. 

La Junta — 

Cuitkc, J. M. 


CONNECTICUT 
Bridgeport — 
Clement, E. R., Sr. 
Karle. F. E. 
Palumbo, B. F. 

Danbury— 

Moore, M. 
Oigelman, G. II. 

Darien — 

Harney, W. J. 
Grovea, S, A. 

Fairfield — 

Osborn, W, J. 
Smak, J. K. 

Georgetown — 
Ingham, J. F. 

Greenwich — 

Jones, A. L. 

Hartford — 

Hemis, P. P. 

Hoyt, L. W. 
Ix’iigabel, K. A. 
Peterson, H. P. 

Lltclxfield— 
Williams, K. li, 

Manchester — 
Nottage, H. B. 

Meriden— 

Nieske. G, F. 

New Britain— 

Hart, S. 

Hart, T. 8. 
Landfncd, C. L. 


New Haven — 
Blakeley, H. J. 
Converse, T. J. 
Roeder, W. 

L. E, 

Teasuale, L. A. 
Winslow, C.-E. A. 


New London — 
Chapin, C. G. 
Eggers, W, K. 
Foisberg, W. 
Hopson, W. T. 

Old Greenwich — 
Fife, G. D. 

Riverside — 

Murphy, J. R. 

South Norwalk — 
Adams, H. E. 
Jennings, I. C. 
Lyons, C. J. 

Mead, E. A. 
Wright, J. B. 
Wylie, H. M. 

Torrington — 
Poster, A. 

Waterbury— 
Osborne, S. R, 
Simpson, R. L. 
Simpson, W. K. 
Stein, J. 

Westport — 

Faile, E H. 
Morgan, R. W. 

Woodmont — 
Williams, G. S, 

DELAWARE 
Claymont — 
Gioiburg, N. 

Milford— 

Powmng, C. B. 

Wilmington — 
Burke, J. J. 
Granke, A. A. 
Hayman, A. E., Jr. 
Kershaw, M. G, 
Lownsbery, B, F. 
Parvis, R. S. 
Robinson, G. L. 
Schoenijahn, R. P, 
Stas/sesky, F. M. 
Walteis, J. K. 


DISTRICT OF 
COLUMBIA 
Friendship Station — 
Burns, H. J. 


Washington — 


Anderson, S., Jr. 
Bidiowsky, R. 
Brown, L. S., Jr. 
Brunner, E. G. 
Carson, C, C* 
Colvin, O. D, 
Crawford, A. C. 
Cullen, A. G, 


Day, I. M. 

Pevorc, A. B. 
Downes, H, H. 
EUis, G. P. 

Epstein, L. S. 
Erisman, P. H„ Jr. 
Espenschlt'd, XL F. 
Faxon, H. C. 
l^'cbrey, E. J. 
Feltwell, H. H. 


Graves, V, 


Hackett, F, C. 
Hall, M. S. 
Hamblin, C. M. 
Hanlein, J. H, 
Hannigan, W. 
Heagerty, W. H. 
Hero, G. A., Jr. 
Hertzler, J. R. 
Hill, H. H. 

Hill, W. W. 
Holder. L. H. 
Hollister, N. A. 
Holmes. P. B. 
Hoppe, M. F. 
Houghten, F. C. 
Iverson, H. R, 
Jones, W. C. 
Kiczales, M. D. 
Kidd, C. R. 
Kingswell, W. E. 
Kugcl, H. K. 
Landauer, L. L. 
Lattemer, H., Jr. 
Lauer, R. F. 
Leonard, R. R. 
Leser, F. A. 

I.ewis, T. 
Littleford. W. H. 
Lloyd, E. H. 
MacMillan, A. R. 
Maurer, L. 
McCusker, J. P. 
McEntee, F. M. 
Meinholtz, H. W. 
Mergardt, A. P. 
Miller, G. F. 
Millham, F. B. 
Morton, H. S. 
Muirheid, J. G. 
Nelson, H. M. 
Ncssell, C. W. 
Nolan, J. J.. Jr. 
Norair, H 
Osborne, J. M. 
Ounisoff, L. 
Peacock, H. 
Pierpoint, H. Y. 
Pratt, F. J. 
Robinson, D M 
Roper, R. F. 
Ryerson, U. E. 
Sale, P. B. 

Schulze. B. H. 
Shapiro, M. 

Shire, A. C. 
Skagerberg, R. 
Steel, R. J. 
Stewart, J. N. 
Stock, C. S. 

Suttci. E. E. 
Thomas, G. 
Thompson, N. S. 
Tuxhorn, D. B. 
Urdahl, T. H. 

Van Alsburg, J. 11. 
Vaughan, J. G , Jr. 
Walford, L. C. A. 
Werner, J. G. 
Williams, F. H. 


FLORIDA 
Camp Murphy — 
Diamond, D. D. 
Jakoby, A. C. 

Coral Gables — 
Fuller, E. W. 

Ft. Lauderdale — 
Forbes, H. B. 

Holly Hill— 
Odum* R, A. 


Jacksonville — 
AUen, W. W. 
Beckwith, F. J. 
Crumley, M. T, 
Edge, A. J. 

Griest, K. C, 
Pastor, J. C. 

Key West — 

MiUard, J. W. 

Leesburg — 
Freeman, A. W. 

Miami— 

Andrews, W. G. 
Blackman, A. O. 
Campbell, G. W. 
Caskey, L. H., Jr. 
Groom, J. W.. Jr. 
Long, E. J. 

Tampa — 

Patterson, G. P. 
Thomas, B, A. 

West Palm Beach — 
Hodeaux, W. L. 


GEORGIA 
Atlanta — 


Baird, F. E. 

Baker. H. L.. Jr. 
Barnes, L. L. 
Baxter, J. F. 

Baxter, J. F., Jr. 
Boland, L. C. 

Boyd, S. W. 
Brodnax, G. H. 

Bull, F. W. 

Clare. F. W, 

Cole, C, B. 

Como, J. A. 

Grout, M. M. 
DuChateau, M. F. 
Foss, E. R. 

Garrard, W. M* 
Genone, H. W. 
Godfrey, J. E. 
Gorbandt, E, T. 
Gunthorpe, C. E. 
Halm, R. F, 

Hilmer, G. O. 
Johnson, C- E. 
Kagey, I. B. 

Kent, L. F. 

Kitch, R. B. 

Klein, E, W. 

Koch, A. H, 
Lawrence, L. F.,5Jr. 
Lindstrom, D. F. 
Ludwig, W. D. 
McKinney, W. J. 
North, S. L. 

O’Shea, J, J, 
Poujadc, J. V. 
Powers, R. W. 
Rittelmeyer, J. M. 
Rumbold, A. H. 
Seckinger, B. J., Jr* 
Simms, H. 

Smoot, C, B. 
Sockwell, C., Jr* 
Sockwell, C., Sr. 
Sockwell, T. R, 
Stephenson, K. A- 
Strother, W, E. 
Sudderth, L., Jr. 
Templin, C. U 
Tucker, T. T. 


Wise, M. W. 
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Augusta — 

Arndt, H. W. 
Brunswick— 
Gilmore, J. k. 
College Park— 
Blackshaw, J. L. 
Croley, J G. 

Decatur — 

Galloway, D. 
Sherman, W. P. 

Marietta — 

Huff, J. M. 

Rome — 

Waldrep, J E. 

Savannah — 

Barnes, H. S. 
Hamlin, J. B. 

IDAHO 
Boise — 

Dickson, R* W., Jr. 
Lessinger, E. F. 


Batavia — 

Atherton, G. R. 
Berwyn — 

Lobstein, M. C. 
Bloomington — 
MaGirl, W. J. 
Nesmith, O. E. 
Soper, H. A. 
Whitmer, R. P. 

Blue Island — 

Meyer, K. A. 
Carbondalc — 

Owen, C. E. 

Chicago — 

Abramson, R. J. 
Aeberly, J. J. 
Ammerman, A. S., Jr, 
Arenberg, M. K. 
Aronson, H. H. 

Ash, R. S. 

Bamond, M. J. 
Banach, C. J. 

Barnes, N. W. 
Baumgardner, C. M. 
Becker, W, A. 
Benson, F. W. 

Berry, C. E, 
Bevington, C. H. 
Black, F. C. 

Blaker, A. H. 
Blayney, W, R. 
Bomqmst, G. W. 
Boyle, J. R. 

Bracken, J. H. 
Braun, L, T. 
Brigham, C. M. 
Brocha, J. F. 

Brooke, I. E. 

Broom, B. A. 

Brown, A. P. 
Burman, C. M., Jr, 
Casey, B. L. 

Chase. L. R, 
Christmann, W. F. 
Christophersen, A, E. 
Close, P. D. 

Connors, E. C. 


Cook, H. D. 

Coulter, T. H. 
Cranage, T. 

Crone, C. E, 

Crump, A. L. 
Cummiskey, J. F, 
Basing, E. 

Dauber, O. W. 
Dunham, C. A, 
Emmert, L. D. 
Ericsson, E. B. 

Fatz, J. L. 

Fenner, N. P. 
Fergestad, M. L. 
Fleak, W. D. 

Frank, J. M. 
Gardner, M. K. 
Gardner, W. 
Gaylord, F. H. 
Getschow, R. M. 
Goelz, A. H. 
Gothard, W. W. 
Gotschall. H. C. 
Graves, C. C. 

Griffin, C. J, 
Gritschke, E. R. 
Gustafson, C. A. 
Haas. S. L. 

Haines. J. J. 

Hand, W. L. 

Hanley, T. F„ Jr. 
Hart, H. M. 
Hashagen, J. B. 
Hattis, R. E. 

Hayes, J. J. 
Hendrickson, R. L. 
Hill, E. V. 
Himelblau, H. 
Howatt, J. 

Hubbard, G. W. 
Hustoel, A. M. 
Johnson, C. W. 
Kaiser, F. 

Keating, A. J. 
Keeney, F. P 
Keeton, R. W. 

Kehm, H. S. 

King, A C. 

Krez, L. 

Kucera, H. T. 
Kuechenbexg, W. A. 
Lagodzinski, H. J. 
LaRoi, G, H.. n 
Lauterbach, H., Jr. 
Lenone, J. M. 
Leuthesser, F. W., Jr. 
Lewis, S. R. 
Maccubbin, H. A. 
Malone, D. G, 
Malvin, R. C. 
Manny, J. H. 

Martin, A. B. 

Martin, W. J. 
Matchett, J. C. 
Mathis, £. 

Mathis, H. 

Mathis, J. W. 
Mattingly, M, F. 
Mautner, E. W. 

May, A. O. 

May. M, F. 
McCauley, J. H, 
McClellan. J. E. 
McDonald, T. 
McDonnell, E. N. 
McDonnell, J. E. 
McRae, M. W. 
Merens, S. H. 

Mertz, W. A. 

MiUer, F. A. 

Miller, R, T. 
MiUiken. J. H. 
Mittendorff, E. M. 
Mueller, H. C. 
Muessig, J. W. 


Narowetz, L. L„ Jr. 
Neiler, S. G. 

Nelson, R. O. 
Newport, C. F. 
Offen, B. 

Olsen, C. F. 

Olson, B. 

Ott. M. E. 

Peller. L. 

Peterson, W. E* 
Pfister. V. A. 
Philippi, J. J. 
Pierce, J. D. 

Pope, S. A. 

Porter, K. C. 
Powers, F. W. 
Prentice, O. J. 
Price, C. E. 
Raymond, F. I. 
Reger, H. P. 

Rex. H. E. 

Rietz, E. W. 
Rottmayer, S. I. 
Russell, E. A. 
Sachs, S. 

Sander, A. J. 
Scheidecker, D. B. 
Scliulein, L E. 
Shanklm, A. P. 
Shultz, E. 

Smith, S. 

Solstad, L. L. 
Sommerfield, S. S. 
Spencer, R. M. 
Spielmann, G. P. 
Stermer, C. J. 
Stevenson, M. J 
Sunderland, R. P. 
Swanson, N. W. 
Thinn. C. A. 
Thomsen, N. B, 
Tiller, L. 

Tobin, J. F. 
Trickier, E. E. 
Trumbo, S. M 
Waid, G. H. 
Walters. W. T. 
Wazd. O. G. 
Waterfall, W. 

Weil. M. 
Weinshank, T. 
Wendt, E. H. 

White, E. B. 

Wills, F. W. 

Wilson, W. H. 

WoB, W. M. 

Zack, H. J. 
Zingheim, W. C. 

Decatur — 

Boyd, L. E. 

Des Plaines — - 
DeLand. C. W. 
Lockhart, H. A. 

Downers Grove— 
Stacy, L. D, 

East St. Louis— 
Cover, E, B, 

Post, N. 

Elgin— 

Anderson, C. G. 

Evanston- 
Clarke, J. H. 
Jennings, B. H, 
Kearney. J, S. 
Oosten^ L. S. 
Scbroeder, W. R, 
Snyman, G. C. 

Stahl, W. A. 


Flora— 

Biissendcii, C. W, 
Glencoe— 

Barnett, H. 
Hornung, J. C. 
Pett, A. W. 

Glen Ellyn — 
Sherman, V. L 
Glenview — 

Nightingale, G F. 
Homewood— 
Wilkinson, F. J. 
Joliet — 

Kuitz, R. W. 
Kewanee — 
Bronson, C. E. 
Dickson, R. B. 
Hartman, J. M. 

La Grange — 
iibtcp, L G 
Mendota — 

Knox, W. 

Moline — 

Boling, E. H. 
Hanw*n, 1. T. 
Ilolulxi. H I. 
Nolson, n. \V. 
Nelson, R. 11. 

Monmouth — 

O’ Daniel, J. A. 
Motion Grove — 
Goss<‘tt, E. J. 

Lige, W. W. 
Moon*, R, K, 
Patterson, R. 
PuUum, C E. 

Mt. Prospect — 
Schuetz, C. C, 

Mt. Vernon— 
Bcnoist, L. L. 
Beiuust, R, 1C. 

Northbrook — 
Piebensen, 11. J. 
Oak Park” - 
Fitzgeialci, M. J. 
Johns, n. H. 

May, K M. 
Mwller, I), V. 
Smith, L. J, 
Uhniorn, W. J. 
Williamsou, C. 

Ottawa— 

Bazzoni, J, P, 

Park Rldg<* - 
Brandt, A. D, 
Floroth, J. J. 
rieckel, 1C. P, 
Locke, J. S. 

Stout. A. G. 
Sutcliffe, A. C, 

Peoria— 
Cunningham, J. S, 
Hauer, F. 

Meyer, F. L. 

River Forest— 
Richmond, K> C, 
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Rlversido — • 

Cross, R. C. 
Rocholle — 

Caton, H. 
Rockford — ■ 

Hniat/, J, 
Kennedy, W, W, 
Stewart, D. J. 

Rock Island — 
Kimble, C, W. 

S treat or — 

Johnson, R. A. 
Urhana— 
Fahnestock, M. K 
llama, W. S. 
Heltimstim*, R. J. 
K(>n/,o, S. 

KiaU, A. P. 
iMarklund, C. K, 

Se veins, W. H, 
Willatd, A. C. 

Villa Park - 
Armspuch, O. W. 
Waukegan — 

H«hn, W. K. 
Wilmette — 

Adatna, B. P, 
Marschall, P« J. 
Maylard, J. B, 

Winnetka— 

Killian, V, J. 

INDIANA 
Clovordale — 
Moiriaon, F, 

East <3hicafto— 
Boyar, S. L. 
Evansville— 

Becker, R* K. 

Gair, K. B. 
Grossman, F. A. 
Koenig, A. C. 
Shapiro, C. A. 

Falrland— 

Garber. W. E., Jr. 
Ft, Wayne— 
Hntterslcy, E, It, 
Sandora, C, M., Jr, 
Sinvsh, W. R. 

<Jary— 

Kirtlaiid, K. M, 

Goshen— 

Shaw, B. E, 
Creencastle— 
Cockley, J. E, 

II untin ton — 
Kedrup, W. D. 
Smith. G, W. 

Indianapolis— 
Alexander, H. V. 
Allen, J. L. 

Ar/i*t, F. A. 

Barton, F. C. 
Bevington, W. C* 
Blackman, R, C. 


Boone, F, S. 

Bowles, P. 

Carlson, C, J. 
Chapman, W. A., Jr, 
Clark, L. W. 

Clemens, J. E. 

Clucas, E. T. 

Colby, J. R. 

Cotton, I. W. 

Curl. R. S. 

Davis, T. R. 

Drum, R. 1. 

Dwyer, W. H. 
Fenstermaker, S. E. 
Fenstermaker, S, E-, Jr. 
Fenstermaker, W. R. 
Fox, W. L. 

Frcije, W. F. 

Galloway, M. W, 
Goohs, W. 1C. 

Grcar, W. W. 

Ilagcdon, C II. 

Hardin, J. T, 

Hayes, J. G. 

Hoffmann, W. A, 

Hoyt, R. A. 

Jackson, G. 0. 

Jchle, F. 

Jordan, P. R. 

JosUn, G. C. 

Kcim, E. C. 

Lashlcy. W. L.. Jr. 

Lee, C. M. 

Malady, E. C. 

Mulrey, M. D. 

Newton, A. E. 

Nicsse, J. H. 

Nyland, J. A. 

Payton. J, F. 

Pherifto, F. S. 

Poehner, R. E. 

Post, G. A. 

Roche. A. O., Jr. 

Ross, O. <-. 

Rotz, J. M. 

Sanborn, IC, N. 
ShuttJewoith, W. R. 
Stewart, C. W, 

Supple, G. B. 

Tutt, R. D. 

Tykle, F. G. 

Voorhees, G. A. 
Warren, C. N. 

Weiland, C. C, 
WilUama, G. M. 

Young, G. H. 

Lafayette— 

Booster, C.* F. 

La Porto — 

Shrock, J. H. 

Lebanon — 

Coryell, G. L. 

Loganaport— 

Baker, A. T. 

Michigan City — 
Stockwell, W. R. 

Muncie— 

Price. C. F. 

Shreeve, L. D. 

Peru— 

Thrush, II. A, 

Terre Plautc — - 
Stuart, R. A. 

Wabash— 

Wiser, C. E. 


West Lafayette — 
Miller, W. T. 
Warner, C. F. 

IOWA 
Ackley — 

Nelson, G. O, 
Amana — 

Zuber, O. C. 

Ames — 

Brown, W. E. 
Norman, R. A. 
Olson, E. O. 

Smith, R, K. 

Cedar Rapids — 
Nyquisl, J. D. 
Cherokee — 

Miller, M. S. 

Des Moines — 

Borg, E. H. 

Frankie, H. R. 
Hclstrom, C. W. 
Hennessy, W J. 
Johnson, T. R. 
Johnston, M. T. 
Landes, B. E. 

LaRue, P. 
McGuiness, C. H. 
Murphy, D. C. 
North, C. P. 

Schnell, R. H. 

Stuart, W. W. 

Tone, J. E„ Ji. 
Triggs, F. E. 

Walters, A. L. 

Wells, D. E. 

Wheeler, C. A. 

Farragiit — 

Arvidaon, E. R. 

Iowa City — 

Croft, n. O. 
Plymouth — 

Fnedline, J. M. 
Sioux City — 

Hagan, W. V. 

Raven, A. H. 

Washington — 

Norton, L. I. ' 
Waterloo — 

Hedeen, L. E. 

Knox, J. C. 

Smith, S. T. 

Todd, M. L, 
Winterbottom, R. F. 

KANSAS 
Great Bend — 
Morrison. W. L. 
Hutchinson — 

Stevens, H. L, 

Via, C, W. 

Iota — 

Ahrens, R. H, 
Junction City— 
Froelich, H, A. 
Mucnzcnmaycr.W. R» 

Kansas City- 
Bet*, H. D. 
Fitamorris, T. B, 


Hayes. O. J. 

Kell, W. R. 

Mart, L. T. 
McMichael, C. L. 

Lawrence — 

Robb. J. E. 
Leavenworth — 
Roser, E., HI 
Siemon, II. B, 

Manhattan — 

Gould, J. L. 

Salina — 

Ryan. W. F. 
Topeka — 
Schumacher, C. W. 
Victoria — 

Chapin, H. G. 

KENTUCKY 
California — 

Hauss, C, F. 

Ft, Knox — 

Brown, H. J, 
Frankfort — 

Zanone, H. A. 
Lexington — 
O'Bannon, L* S. 
West, P. 

Louisville- 
Groot, H. W. 
Hellstrom, J, 
Hubbuch, N. J„ Jr. 
May. J. W. 
Murphy, H. C. 
Nutting, A. 

Pound, H. W. 
Weekes, R. W. 


LOUISIANA 
Alexandria— 
Hamilton, M, S, 
Metairie — 
Busenlener, L. V, 
Monroe — 

Thomas, E, R. 

New Orleans — 
Brindcll, C. E. 
Bryner, J. J. 

Burke, J. S. 

Cressy, L. R. 
Cressy, L. V. 
DeLaureal, W. D. 
Devlin, J. 

Dudley, W. H., Jr. 
Eckhardt, E„ Jr. 
EUzardt, R. 
Eutsler, E, E., Jr. 
Feitel, J. Y. 
Fischer, F. P. 
Friedler, J. J., Jr. 
Gamble, C. B:. 
Graham, F. D. 
Grant. W, H., Jr*. 
Guest, R. B. 
Guillory, J. M. 
Gutkncdht, F. 
Helwick, N. J. 
Hoher, R. J., Jr, 
Joyce. J. J. 
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Kelly, H J. 

Kerr, G. C. 
Knight, J. T., Jr, 
Koehler. G. N. 
Maxwell, L. R. 
May, G. E 
Mmson, F. L. 
Moses, W. B , Jr. 
Nelson, L K. 
Oesterle, A. L. 
Oster, W. P 
Roberts. H. H 
Salzcr, A. R., Ji. 
Schneider, E. W. 
Spoerr, F. F. 
Thomaii, E O. 
Weil, L. S. 

Shreveport — 
Fitzgerald, W. E. 
Sandfort, J, F. 


MAINE 
Auburn — 

Fowles, H. H, 
Bangor — 

Prince, R, F. 

Cape Elizabeth — 
Lunt, W. F. 

East Boothbay — 
Loughran, P H , Jr 
Portland — 

Fels, A. B. 

MernU, C. J. 


MARYLAND 
Annapolis — 
Johnston, R. M. 
Kolb, R P. 

Baltimore — 

Ay, E. L. 

Collier. W. L 
Crosby, E. L, 
Dehler, F. C. 
Dorsey, F. C 
Dressell, R E. 
Dukehart, M. M. 
Gjertsen, G. 

Horne, H. F. '• 
Levitt, L. L. 

Mabon, J. E. 
Mayer, W. J. 
McCrea, L. W. 
Moms, E. J. 

Nest, R. E. 

North, W. R. 

Posey, J. 

Seiter, J. E. 

Shepard, J. deB, 
Smoot, T. H. 

Stokes, A. D. 

Taze, E. H. 

Vance, L. G. 
Vincent, P. J. 

Bethesda — 

Goodwin, E. W. 
Gregg, S. L. 
Markert, J. W. 
Parkinson, J. S, 

Chevy Chase— 
Beitzell, A. E. 
Frankel, G. S. 
Humphrey, L. G., Jr 
Keyes, M, W. 
Thulman, R. K. 


Cumberland — 
Griffith. C A. 
Elkton — 

McCloskey, J. H. 
Ft. G. G. Meade — 
Hinnant, C. H., Jr 
Glen Burnie — ■ 
Rodgers, J. S 
Greenacres — 
Dovencr, R. F. 
Hagerstown — 
Ouweneel, W A 
Hyattsville — 
MitchtsU, A. E. 
Kensington — 

Gates. A S., Jr. 
Karsunky, W. K. 

Laurel— 

Kluckhuhn, F II 
Mt. Rainier — 

Gray, W E 
Rockville — 

Brunett, A. L. 
Ruxton — 

LeiUch, R. L. 
McCaffray, C. E. 

Silver Spring — 
Becker, C. S. 

Clo, H. E. 

Dill, R. S. 

Eagleton, S. P. 
Gritzan, L L, 
Nordme, L. F. 
Richaidson, F. C., Jr. 
Russell, B. A. 
Shuman, L. 

Stack, A. E. 

Takoma Park — 
Bomstein, A. B 
Bomstein, W. 
DeSomma, A. E, 


MASSACHUSETTS 
Arlington — 

Bonner, J. 

Shaw, N. J. H. 

Arlington Heights — 
Tarr, H. M. 
Belmont — 

Saurwein, G, K. 
Spence, R. A, 

Boston — 

Aheam, W. J. 
Bergan, J. R. 
Bnnton, J. W. 
Bnssette, L. A. 
Carrier, E. G. 
Donohoe, J. B. 
Drinker, P. 

Edwards, D, J, 
Foulds, P. A. L, 
Howes, B. B. 
Jennings, W. G. 
Kelley, J. J. 

Kimball, C. W. 
Licandro, J. P. 
Mandell, T. P, 
McCoy, T. F. 


Means, J. McG. 
Memll, F A. 

Shaer, I E. 

Stetson, L. R. 
Swaney, C. R 
Tierney, L. J. J. 
Tuttle, J F. 

Tyler, R D. 
vonRehberg, H. L. 
Waterman, J. H 
Whitehurst, B. W. 
William, F. C. 
Yaglou, C. P. 

Braintree — 

Archer, D M 
Bartlett, A. C. 

Brighton — 

Boyden, D. S. 
Brookline — 

Flint, C. T. 
Cambridge— 

Blair, D W 
ITesselschweidt, A L. 
Holt. J. 

Peterson, C. M. F. 
Sheffield, R. A 
Touloukian, Y. S 
Wilkes, G. B. 

Chelmsford — 

Ridley, W. H. 
Chicopee Falls — 
Ferderbei, M. B. 
Dorchester — 
Ehrenzeller, A 
Goodricli, C It. 
Hosterman, C. O. 

Dover — 

Lincoln, R. L. 

East Lynn — 

Coe, S. A. 

Essex — 

Wonson, A. S , Jr 
Fitchburg — 

Dolan. W. if. 

Illig, E. E. 

IlUg, W R. 

Karlson, A. F. 
McKittnek, P. A. 

Grandville Center — 
Cross, R. E. 

Harwich Port — 
Maxwell, G W 
Hyde Park— 

Elhs, F. R, 
Leominster— 

Kern, R. T. 

Lynn — 

Feehan, J. B. 

Farrow, 11. L. 

Malden — 

Denham. H. S. 
Richards, L, V. 
Melrose — 

Franklin, R. S. 
Gerrish, G. B. 

Methuen — 

Bride, W, T. 


Milton — 
Houlihan, E. T. 
Nahant — 

BenLson, R J. 
Natick — 

Rohm, R C. 
Newton — 

Cioney, P. A. 

NewtonviUe — 
Emetsoti, R. R. 
Geinngcr, P. L. 
Jones, W. T. 
Moore, H. C. 

North Owincy — 
Parker, H. E. 
Norwood — 

Colby, J. H. 

Pittshcld — 

Jr. Nicholls, J. M 
Woodgei, II, W. 

Quincy — • 

Rodee, E. J. 
Reading — 

Ingalls, F. D. II. 
Revere — 

Brayraan, A, I. 

River Works— 
Williams, W V. 
Roslindalc — 
Larson, C. W 

Somerville— 

Gates, J, N. 
Whittfii, IL E. 

Springneld - 
MoZin, Ji, S. 
Muiphy. W. W. 
Packtor, B. M. 

Waban — 

Lau, P. II. 
McMullen, K. \V. 

Watertown — 
Wicgncr, U. B. 

Wellesley Hills * 
Barnes, W. K. 

West Newton - 
Burbo. W. C'r. 
Wahlin, B. J. 

West Roxbury - 
Krapohl, \V. 1 1. 
McPhcison. W. A. 

Wilbraham - 
Scott, D. C. 
Winchester— 
Doherty, J, J. 

Wollaston — 

Blair. E. L. 

Worcester — 

CiUlan, J. J,. Jr. 
Weehsberg, O. 
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ROLL OF MEMBERSHIP 


MUIHKJAN 
Albion- - 
('.able, FI. R 
Alpona 

KKM'htioni. \ 

Ann Arbor 
ikuku , r. H. I- 
('.ilhoon, K N\ 
Falk, I). vS 

C. F 

Mai in, A. 

Battle (Jrcek - 
('llUrtlt'llMuIl, FI 
S. J. 

nyot, W. S. 

Bay C.Uy - 
Cbav. ,1. W. 

FC, ('. 

Birmin}:ihani • 
IbuljiHky, J, N. 
Hall, C'. II. 

Hydo, K, K 
Root, IC. H. 

Bloomheld Hills — 
H. B. 

Ctarkstoii* - 
Watson, W. W. 
Detroit— 

Adam, K. W. 
Akois, (t. W. 
Anderson, K. J. 
Andoiwm, G, W. 
Bmth, 11. K. 
JHarton, J. 

Baslmk, C. M. 
Bussett, J. W. 
Bay, ('. A. 

Heat tie. J. 
lUvia, L, N. 
Bennett, M. F. 
Berryman, K. II. 
Bi{;,^'eis, R. 11. 
Bishop, F, R. 
Bhu'kmore, F. 11. 
Boales, W. G. 
Bomk, E. 

Ilottum, K, W- 
Biodie, A, 11. 
Bruce, M. 

Basse, 11. 
Cuuhorn, A. 
Chumplin, R. 
Chapman, D. B. 
Chappell, H, I). 
Chester. T. 

Clark. K. H. 
(.:oiin, II. 

('otlins, L. F. 
C'onm'il, R. h'. 
Conover, K. W. 
Coon, T. 1C. 
Cummins, G. H. 
Darlin«ton, A. l\ 
Diiuch, R. O. 
Dei)pmann, R. B. 
Donohoe, C. F, 
Dubry, 1C, IC. 
Klliott, N. B. 
Farrell, iC. J, 
F\*ely, F. J. 
F(‘inberg, K. 
Keldstein, H. 
Gallmeier, S. H. 
OiguiTC, G. H. 
CSonzalez, R. A. 
(tOSS, M. H. 
Grcjling, W. W. 
Hare, W. A. 


Flanigan, IC. M. 
Ileydon, C G. 
IFogan, IC L. 
Ifulnu's, R. 1^. 
Hubbaid, N. B. 
IFiiglison. II n 
Johnson, F. W. 
Kaanmcyer, A L. 
Is.aufrnau, H J. 

K liner, J. S. 
Rirkpatiick, A. H. 
Khnk. E. J. 

Knibb, A IC 
Kolasa, M. J. 
Kut'her, A, A. 
Lindslcy, F. A. 
Liveimore, J. N. 
Luty, D. J. 

Mabley. T. il. 
Maizolt, F. X. 
Mason, G. C. 
Met'iea, J. B. 
McCieoige, R. II 
Wcintiic, J. F' 
Mclx'an, D. 
Milwaid, R. K. 
Moisc, C. T. 

Morse, F. W. 
Oborachulte, R. H. 
O’Ciorman, J. S., Jr. 
Old, W H 
Paetr, IF. IC. 
Pariott, I.. G. 
PaiLlan, R. L. 
Patterson, F. H. 
Pavey, C. A. 
Pearson, F L. 
Petenson, D. J. 
Purcell, F. C. 
Randall, R. D. 
Randall, W. C. 
Rcad(*i. J. T. 
Robinson, C. A. 
Runnings, H. M. 
Saniord, S. S. 
Sawyei, If. C. 
Scherget, F. J. 
Sci'Ug, L. 

Shea. M. B. 

SUeley, K. D. 
Shepstone, O. 
SicRCl, D. K. 
Singleton, A. B. 
Smith, E T. 

Smith, W. O. 
Snyder, J. W. 
Southmayd, R. T. 
Spitzley, R. L. 
Spiugeon, J. H. 
Stltes, R., Jr, 
Strand, C. A. 
Taylor, 11. J. 
Toondcr, C. L. 
Tuttle, G. H. 
Tydings, W. F 
Walker, J. II. 
Wallich, A. C. 
W<‘inert, K. C. 
Whelan, W. J. 
Wilde, R. S. M. 
Winana, G. D. 
Wltmor, n. S. 

Zliil n. E. 

Zynda, J. R. 

Dowagiac — 

Haiden, J. C. 
PoUd, T. 11. 

Toir, T. W. 
Woodhouse, G. D. 

East Lansing — 

Kiy, R. S. 

Mcr/, R. A, 

MiUer, L. G. 
Pestorfield* C. H. 


Ferndalc — 

MaJIy, C. F. 

McCaul, L. K. 

Flint— 

Hendiikscn, L. 

Grand Rapids — 

Boot, A. 

Bradfield, J H. 

Biatt, H. D. 

Marshall, O. D 
Stafford, T. D. 
Warren, F. C. 

Ziesse, K. L. 

Grosso Point© — 
McConadne, L. L. 
Stark, W. E 

Grosso Poiiito Farms- 
Mablov, L C 
Grosso Pointe Park — 
BnekeridRO, V L. 
Davis, G L., Jr. 

Hillsdale— 

Oberiin, J, A. 
Holland— 

Harbin, F., Ji 
Houghton — 

Epple, A. B. 
Huntington Woods — 
Keyser, H. M. 
Jackson — 

Link, C. H. 

Tilford, L. A. 

Kalamazoo — 

Biinkei , H. A. 
Deming, R. E. 
Downs, S. H. 
Limbacher, H. R. 
McConner, C. R. 
Metzger, H. J. 
Sclilichting, W. G. 
Temple, W. J. 
Wilson, R. W, 

Lansing — 

Distcl, R. E. 

Hill, V. H. 

Miller. J, W. 

Paisons, R. A. 
Robinson, K. 1C 

Lawrence — 

Moiton, P. S. 

Muskegon — 

Young. H. J. 
Muskegon Heights — 
Reid, H. F. 

Romulus — 

Kellogg, W. T. 

Royal Oak— 

Burch, L. A. 
johannesen, R. C. 

Saginaw — 
Rittenhouse, O. R. 
Witheridge, D. E. 

Shelby— 

Kelly, O. A, 

Wayland — 

Snook, A, H. 


MINNESOTA 
Albert Lea — 
Stcmpel, E. H. 

Bayport — 

Swanson, E. C. 

Bralnerd — 

Paine, H. A. 

Camp Savage — 
Larson, C. P. 

Cloquet — 

Anway, H W. 

Duluth- 
Foster, C, 

Excelsior — 

Rowley, F. B 
Rowley, R. K, 

Hibbing— 

Bispala, J. T. 

Minneapolis — 
Algren, A, B. 
Becker, R. F J, 
Bell, E. F. 

Bensen, C. L. 
Bergman, A. E. 
Betts, H. M. 
Bjerken, M H. 
Bredesen, B. P. 
Brown, G. M. 
Caplc, I. 

Carlson, C. O. 
Chalmers. C. H. 
Copperud, E. R. 
Dahlstrom, G. A. 
Dover, H. F. 
Dmham, R. E. 
Evans, R. W, 
Fcilzcr, J. H. 
Foifar, D. M. 
Cause wit/, W. H. 
Gerrish, H. E. 
Gorgen, R. E. 
Gross, L. C. 
Haines, J. E. 
Haley, R. T. 
Hanson, L. C, 
Hanson, L P. 
Harris, J. B. 
HelsUom, H. G. 
Herman, N. B. 
Hitchcock. P. C. 
Huch, A. J. 
Jordan, R. C. 
Kayscr, P. G. 
Killeen, E. F. 
Knowles, E. L. 
Lange, F. F. 
Lawrence, C. T. 
Lcglcr, F. W. 
Liba, O. L. 

Lund, C, E. 
Markson, W. H. 
Marshall, S. C. 
Matthies, L. A. 
Mills, H. C. 
Morgan, G. C. 
Newton, A. B. 
Nichols. H. R. 
Nordstrom, F. A. 
Petersen, C. P. 
Reisberg, L. K. 
Resch, R. J. 
Rink, C. N. 
Roberts, H. P. 
Rosas, M- L. 
Schad, C. A. 
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Schernbeck, F. H. 
SchulUt A. W. 
Scott, F. W. 

Seelert, E. H. 
Stafford, J. F. 
Stiller. F. W. 
Thuney, F. M. 
Tapper, E. B. 

Uhl, E. J. 

Uhl, W. F. 

Owatonna — 
Anderson, G. A. M. 
Robbinsdaie^ 

Hyde, L. L, 
Rochester — 

Adams, N. D. 

St. Louis Park — 
Honey, R. L. 
Wilson, D. P. 

St. Paul— 

Anderson, D. B. 
Backstrom, R. E. 
Bauer, A, E. 

Bean, G. S. 

Colman. R. C. 
Craig, J. A. 

Estes, E. C. 
Gausman, C. E. 
Hickey, D. W. 
McNamara, W. 
Oberg, H. C. 

Olson, E. O. 

Otto. R. W. 
Peisson, N. B. 
Peterson, J. R. 

Ruff. D, W. C. 
Sanford, A. L. 
Schnecberg, F. H. 
Sturm, W. 

Winterer, F. C. 
Wunderlich, M. S. 

Spring Park — 
Streater, E. C. 


MISSISSIPPI 
Greenwood — 
Lifton, D. 
Jackson — 
Ludlow, H. M. 
Tupelo — 

Dabbs, J. T. 


MISSOURI 
Clayton — 

Hamig, L. L. 
Weber, E. F. 

Eureka — 
Kingsland, G. D. 
Ferguson — 

Bemis, W. A. 
Szombathy, L. R. 

Independence — 
Cook, B, I?. 

Jefferson City — 
Wagner, W. J. O. 
Woodman, L. E. 

Joplin— 

McMullen, E. W, 


Kansas City — 
Allen, DeW. M. 
Arthur, J. M„ Jr. 
Bade, R. E. 

Ball, W. 

Barnes, A. R. 
Bowen, L. F. 
Burns, E. J. 

Burns, F. C. 

Caleb, D. 
Campbell, E. K. 
Case. D. V. 

Cassell, W. L. 
Cheasley, T. C. 
Clegg, C. 

Davis, C. A. L. 
Dean, F. J., Jr. 
Dean, M. H. 
Dodds, F. F. 
Downes, N. W. 
Fehhg, J. B. 

Fehhg, J. B., Jr. 
Forslund, O. A. 
Furbei, S. L. 
Garrison. C. H. 
Gould, H. E. 
Harbordt, O. E. 
Harvey, E. W. 
Heaven, L. P, 

How, R. F. 

Jones, T. S. 
Ketchum, E. R. 
Kitchen, J. H. 
Leffel, P. C. 

Lewis, J. G. 
Lochman, E. W. 
Machm, D. W. 
Mason, R. B. 

Milhs, L. W. 
Nelson, A. A. 
Nottberg, G. 
Nottberg, H. J. 
Nottberg, H., Jr. 
O'Dower, H. J. 
Painter, D. H. 
Pellmounter, T. 
Pexton, F. S. 
Rivard, M. M, 
Russell. W. A. 
Ryan, J. B. 

Scott, E. E. 
Sheppard, F. A. 
Smith, H. C. 
Stephenson, L. A, 
Thomas, R. L, 
Weiss, C. A. 

White; W. E. 
Wiedenmann, W. A. 
Wright, H, H. 

Kirkwood — 
Grossmann, H. A. 


Davis, C. R. 
DeNcilIe, J. L. 

Fagin, D. J. 

Falvey, J. D. 
Gilmore, L. A. 

Gross, L. 

Halt, H. R. 

Hester, T. J. 

Kella, W. B. 

Kremer, R. H. 
Kuntz, E. C. 
Laufketter, F, C. 
Malone, J. S. 
McLarney, H. W. 
McMahon, T. W. 
Moon, L, W. 
Niemoeller, A. R. 
Oonk, W. J. 
Pellegrini, L. C. 
Penn, L. W. 
Pentecost, R. H. 
Rodenheiser, G. B. 
Rosebrough, J. S. 
Rosebrough, R. McC. 
Russell, W. A. 
Saenger, L. W. 
Schwarz, G. C. 

Sharp, H. C. 

Simons. B. C. 

Smith, R. C. 
Sodemann, W. C. B. 
Stammer, E. L. 
Steckhan, L. 
Toensfeldt, R. 

Springfield — 

Owen, W, II 
University City — 
Angus, F. M. 

Evans, B. L. 

Haller, A. L. 

Webster Groves — 
Carter, J. H, 
Hartwein, C. E. 
Hyde, D. F, 

Jones, E. A. 

Myers, G. W. F. 
Ronsick, E. H. 


MONTANA 
Billings— 
Cohagen, C. C, 
Butte — 

SuDivan, T. J. 
Great Falls — 
Ginn, T. M. 


Merwin, G. E. 
Olson, M. J. 
Ottum, A. L. 
Peterson, B. G. 
Reifschneider, J 
Ruchte, C. O. 
Saxon, R. B. 
Simmonds, V. 
White, W. R. 
Williams, D. D. 

Schuyler — 
Matousek, A. G.. 

Scottsbluff — 
Davis, O. E. 


NEVADA 
Las Vegas — 
Inman. C. M. 

Reno — 

Humes, W. E, 
Mast, C, M. 
Stevens, 11. R. 
Stevens, J. E. 


NEW JERSEY 
Asbury Park — 
Strevcll, R. P. 

Atlantic City — 
Strouse, S. B. 

Bayonne— 

Bacchlin, A. C., Jr. 
Schwai tz, J. 

BeUeville— 

Kucinski, W. V. 
Thornton, T. L, 

Bloomfield — 

Berry, R. U. 

Faust, F. II, 
McLcnegan, D. W, 

Bogota — 

Gricss, P. G. 

Bridgeton — 
Ballman, W. H. 

Caldwell— 

Harrigan, E. R. 
Sclmiidt, H. 


Normandy— NEBRASKA 

Dulle, W. L. David City- 

Overland — Reardon, J. F. 

Cain, W. J. Fremont — 

Grossenbacher, H. E. Sleister, P. E. 


St, Joseph — 
Harton, A. J, 
2urow, W. A, 

St. Louis — 
Ahrens, C. F. 
Becker, G. E. 
Blackmore, J. J. 
Bradley, E, P. 
Bumap, C. H. 
Carlock, M. F. 
Carlson, E, E. 
Goad, J. D. 
Cooper, J. W. 
Corrigan, J. A. 


Hastings— 
Swingle, W. T. 
Lincoln — 
Lehman, M. G. 
Rossiter, I. J. 
Stanton, H. W, 

Omaha — 


Adams. E. F. 
Eaton, B. K, 
GoU. W. A. 
Kleinkauf. H. Y, 


Mathis. J„ 
McCuIley, D, E, 


Camden — 

Brown, W. M. 
Coward. C. W. 
Dickson, 0. 1\ 
Hendrickson, W. B. 
Hynes. L. P. 
Kappel, G. W. A, 
Plum, L. IL 
Webster, E. K, 

Chatham— 

Maddux, 0, L. 

Cllffaidc Park- 
Butler, P, D, 

CoUlngswood— 
Mohrfdd, H. H. 

Cranford— 

Lehman, J. L, 
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East Orange — 

Frits,che, C. 

Reilly, J. H. 

Schioth, A, H, 

SigRins, G. S. 
TallmadRo, W. 

Tiirno, W, G. 

Elizabeth - 
Anderson, J. W. 

Beebe, F, E. W. 
Bermel, A. TI. 
CornwaU, G. I, 

Looser, C. M. 

Essex EcUs— * 

KUnws, R. AI., Jt. 
SonU‘, L. C. 

SUocy, A. E., Jr. 

Fort nix —■ 

Otts, J G. 

Freehold — 

Buck, IX T. 
lladdonfleld— 

Buzzard, F. II. 
Matlh»'ws, J. K. 
Web^,tet. \V., Ji. 

Hashrouck Heights— 
('rood win, K. L. 
Hweker, G, F., Jr. 

Highland Park— 
Kadel, G. R. 
Hillside- 
TU’henor, L. R„ Jr, 
Hoboken— 

Dick, H. S. 
Irvington— 
I'VUU'im.imi, W. 
Rt'jiiko, A. G, 

Jersey City — 

IIUKRins. h* G. 

Jones, II. L, 
WaltorUutm, J. J. 

Kearny— 

Windier, C. K, 
tdttlc Falls— 

Kii vony, J. G. 

Loch Arbour- 
Van Noulmya, II. 
Lyndhurst — 

Ehtlicln M. W. 

Man vine — 

McDonnotl. K F. 
Maplewood— 
Moraw<*ck, A, H„ Jr. 
MerehantviUe— 
Iteutty, J. W, 

Hinder, C. G, 

Montclair— 

JacobuH, D, S. 
Tenney, D, 

Moorcstown— 

Makin, H. T., Jr. 
Mountain Lakes • 
Abbott. F, S. 

Pinter, J. L, 


Newark — 

Bryant, P. J. 

Carey, P. C. 
Dickinson, N. S, 
ITaitmanek, L. M, 
Kiuse, W. C., Jr. 
Lcinroth, J. P. 
Morehouse, H, P. 
Ray. L. B. 

Rubol, H. L. 

Soule, J. P. 
Steinmetz, C. W. A. 

Nutley — 

Monis, C. R. 
Orange — 

Crawford, J. H., Ji. 
Palmyra — 

Cassell, J, D. 
Passaic — 

Blazer. H. V. 
Paterson- 
Frank, O. E. 
McBride, J. N, 
McBride. J. A. 

Plainfield — 

Pond, W, II. 
Proctor, C, W. 

Reis. R. 

Princeton — 
Campbell, R. P. 
Kahway — 

Snavoly, E. R. 

Red Bank — 
Danowitz, C. J. 
Miner. 11. II. 

Ridgewood — 

Fitts, J. C. 

Martin, G. W. 
Miller, A. T. 

River Edge — ' 

Steink< 2 , 13. J. 

RoscUe Park — 
Morgan, E. H., Jr, 

Rutherford — 
Purinton, D, J. 
South Orange — 
Browne, A. L. 
Summit- 
Oaks, o. o. 
Toaneck — 

Hcebner, W. M. 
Union — 

Lyman, S. E. 
Union Qty— 
Taverna, F. F. 
Upper Montclair— 
Donnelly, J. F., Sr. 
Verona— 

Anderson, E. L. 
Vineland— 

Houck, R, C. 

West Englewood — 
Hutcheott, C. R. 


Westfield — 

Bacon, W. H., Jr. 
Cross, W. D. 
Hanslcr, J. E. 
McFarlan, A. I. 
Nicols, J. A. 

Westmont — 
Robinson, £. R. 
West Orange — 
Adlam, T. N. 
Ferguson, R. R. 
Raymer, W. F., Jr. 


NEW YORK 
Albany — 

Bond, H. A. 

Lewis, V. 1. 

Murray, T. F. 
Taggart, R. C. 
Taylor, R. B 
Teeiing, G, A. 
Westover, W, 

Big Flats— 

Davis, B. C. 
Binghamton — 
Schmidt, A. F. 
Bronxvillo — 

Bishop, C. R. 
DornUeim, G. A. 

Brooklsm — 

Balsam, C. P. 

Brex, I. E. 

Derer, 13. 

Dwyer, T. F. 
Heymsfield, II. R. 
Jacobi. B. A. 

Janet, H. L. 
Josephson, S. 
Klomhoracr, W. G. 
Levine, C. 

Levine, L. J. 
London, M. 
Moskowitz, S. 
Phillips, F, W. 
Ritchie, E. J. 
Schechtcr, J. E. 
Shelldrop, T. F. 
Thornburg, H. A. 
Tuach, W. 
Vervoort, E, L. 
Vivarttas, E. A, 
Waclis, L. J. 
Wittig, F. E, 


Buffalo — 

Adema, G. E. 
Bcman, M. C* 
Booth, C, A. 
Cherry, L. A. 
Chcyacy, C. C. 
ColUns, J. A. 
Constant, E. S. 
Cox, E. H. 

Davis, J. 

Day, II. C. 

Evans, E, C. 
Farnham, R. 
Farrar, C. W. 
Foote, A. G, 
Goldberg, M. 
Hardmg, L A. 
Heath. W. R. 
Heckd, E. P., Jr. 
Hedley, P. S. 
Hirschman, W, F, 
Ilurwidi, $, 13. 
Jackson, M. S. 
Kirschhofer, h. J. 


Landers, J J. 

Lenihan, W. O. 
Lighthart, Q. H. 

Love, C. H. 

Madison, R. D. 
Mahoney, D. J. 
Moesel, F. A. 
Mollenberg, H. J. 
Mosher, C. H. 
Pleuthner, R. L. 
Quackenbush, S. M. 
Reif, C. A. 

Roebuck, W., Jr. 
Scott, C. E. 

Seelbach, H.. Jr. 
Seelbach, W. R. 
Seyfang, W. G. 

Siegel, R. C. 

Sommers, W. J. 
Spencer, W. E. 
Strouse, S. W, 
Voismet, W. E. 
Weber, F. J. 

Wendt, E. F. 

Whitt, S. A. 

Yager, J. J. 

Camlllus — 

Grant, W. A. 
Canajoharie — 

Martin, W. T. 
Dunkirk— 

Mayne, W, L. 

Edon — 

Conaty, B. M. 
Ensign, W. A. 

Fairport— 

Peck, H. E. 

Fayetteville — 

Des Reis, J. F, 

Hamburg — 

Schafer, H. C. 
Hastings-on- Hudson 
Hewett, J. B. 
Reynolds, T. W. 

Irvington — 

Bastedo, A. E. 
Hastings, A. 

King, T. E. 

Ithaca — 

Dropkin, D. 

Elwood, W. H. 
Frederick, H. W. 
Mackey, C. O. 
Sawdon, W. M. 
Williams, J. W. 
Wright, L. T., Jr. 

Jamesville— 

Laube, IL L. 
Kenmore — 

Candee, B. C. 
Criqui, A. A. 

Curry, R. F. 

Mould, H. W., Jr. 
Walker. E. R. 

Larclimont — 

Tlltz, B. E, 

LeRoy — 

Pohle, K. F, 

Lockport — 

Saunders, L, P. 
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Long Island — 

Adams, E. E 

(Jackson Heights) 
Alt, H. L. 

(St. Albans) 
Apt, S. R. 

(Bayside) 
Bachmann, A. J. 

(Ridgewood) 
Bastedo, G. R. 

(Richmond Hill) 
Behrer, W. H., Jr. 

(Northport) 
Benesch, E. J. 

(Mernck) 
Beams, R. R. 

(Elmhurst) 
Birkett, H. S. 

(Roslyn Heights) 
Bloom, L. 

(Freeport) 
Bond. H. H. 
(Springfield Gardens) 
Bryan, W. L., Jr. 

(Astoria) 
Carbone, J H. 

(St. Albans) 
Carroll, D. E. 

(Woodside) 
Crone. T. E. 

(Jamaica) 
Eastwood, H. F. 

(Merrick) 
Eachenbach, S. P. 

(Bayside) 
Fischer, L. W. 

^ (IsHp) 
Franck, P. 

(Jackson Heights) 
Friedheb. M. J. 

(Forest Hills) 
Gebel, K. M. 

(Rockaway Beach) 
Gilman, F. W, 

(Long Island City) 
Gomston, M. H 

(Forest Hills) 
Graber, E. 

(Douglaston) 
Hiers, C. R. 

(Great Neck) 
Hirsch. M. H. 

(Forest Hills) 
Jaionack, I. G. 

(Rego Park) 
Kaczenski, C. 

(Bridgehampton) 
Kahn, C. R., Jr. 

(Woodmere) 
Kerbel, J. 

(Flushing) 
Kern, J. F., Jr. 

(Massapequa) 
Kunen, H. 

Qamaica) 
Langberg, M. 

(Jackson Heights) 
LaRaus, J. 

(Jackson Heights) 
MacWatt, D. A. 

(Plandome) 
Magnusson, N. 

(Jamaica) 
Marino, F, A. 

(Long IslandSCity) 
Marty, E. O. 

(Plandome) 
Mytinger, K. L. 

(Long IsIandjCity) 
Olsen, G. E. 

(Arveme) 
Pabst, C. S. 

(Woodhaven) 
Peters, H. C. 

(Southampton) 


Pizer, M. M. 

(Richmond Hill) 
Quirk, C. H. 

(Hempstead) 
Raynis, T. 

(Manhasset) 
Rose, J. C. 

(Hollis) 

Rudd, D. J, 

(Babylon) 

Satlow, A, 

(Flushing) 
Schwartz, M. 

(Far Rockaway) 
Stellwagen, F. G. 

(Woodhaven) 
Thomson, T. N. 

(Huntington). 
Trambauer, C. W. 
(Springfield Gardens) 
Tucker, F. N. 

(Freeport) 
Wallace. G. J. 

(East Elmhurst) 
Whittaker, W. K. 

(St. Albans) 

Mt. Vernon — 

Brod, B M. 

Cullin, W. W. 

Freitag, F. G. 

Herske, A. R. 

New Rochelle — 
Abrams. A. 

Farley, W. F, 

Fitz, J. C. 

Mank, M. 

Rose, H. J. 

Vimll, G. A. 

New York — 

Addams, H. 

Addams, P. K. 
Addington, H. B. 
Akers, A. W. 

Albright, C. B. 
Ambrose, E. R. 
Ashley, E. E. 

Baber, J. E. 

Baker, D. L. 

Baker, T. 

Barbien, P. J. 

Baum, A. L. 

Bearman, A. A. 
Berman, L. K. 
Bodinger, J. H, 

Braun, C. R., Jr. 
Brown, D, 

Brundage, F. W. 
Buensod, A. C. 

Burges, J, H. 

Cameron, R, T, 
Carpenter, R. H. 
Chase, C. L, 

Close, R. 

Clay, W. 

Cued, V. J. 

Darts, J. A. 

Davidson, J. C. 

Davis, C. 

Davis, M. M, 

Davison, R. L. 

Denny, H. R. 

Detering, W. C. 

Dodge, H, A, 

Donnelly, R. 

Doughty, C. J. 

Downs, C. R. 

Sadie, J. G, 

EeUs, H. B. 

Engle, A. 

Parbman, L. X. 

Feder, N. 

Feldman, A. M. 

Fiedler, H. W. 


Firestone, M. T. 
Flarsheim, C. A. 
Fleisher, W. L. 
Flink. C. H. 

Foster, J. G. 
Friedman, M. 
Friend, W. F. 
Fuller, C. A. 
FuUman, J. B. 

“ Gezari, Z. 

Giannini, M. C. 
Goodman, A. L. 
Gordon, P. B. 
Grabman, H. B. 
Greenburg, L. 
Guler, G. D. 
Gumaer, P. W, 

’ Hanburger, F. W. 
Heibel, W. E. 
Heller, J. A. 

Henry, A. S., Jr. 
Hering, A. 

High, J. M. 
Hinrichsen, A. F. 
Hobbie, E. H. 
Hoffman, C. S. 
Honerkamp, F 
Hotchkiss, C. H. B. 
Janos, W. A. 
Jarcho, M. D. 
Johnson, H. S. 
Kaplun. B. 

Kayan, C. F. 

Kelly. C. J. 

Kimball. D. D. 
Koehler, C. S. 
Kreiner, J. 
Kuhlmann, R. 
Kurth, F. J. 
Lawrence, F. D. 

Lee, B. H. 

Lewis, H. F. 

Lucke, C. E. 
Markush, E. U. 
Marston, A. D. 
Matheka, C. R. 
McClintock, W. 
Meinke, H. G. 
Meyer, H. C.. Jr. 
Milener, E. D. 
MiUer, C. A. 

Miller. J. 

Milligan, D. G. 
MoUander, E. D. 
Morro, J. J. 

Munier, L. L. 
Munkelt, F. H. 

Nee, R. M. 

Offner, A. J. 

Olvany, W. J. 
Patomo, S. A. S. 
Place, C. R. 

PoUak. R. 

Potter, J. R. 

Prawl, F. E. 

Pryke, J. K. M. 
Rainson, S. J, 

Raisler, R. K. 
Rather, M. F. 

Reed, S. F. 

Reid, H. P. 

Reynolds, W. V. 
Ritter, A. 

Robertson, J. D. W. 
Rosenberg, P. 

Ross. J. O. 

Roth, C. F. 

Rothman, S. C. 
Ruggles, R, F. 

Ryan, H. J. 

Ssimuels, S. 

Satterlee, H. A, 
Sawhill, R. V. 
Schampel, H. B. 
Schoepflin, P. H. 


Scott, G. M. 

Self. V. F. 
Sellman, N. T. 
Shepard, E. C. 
Short, W. W. 
Simkin, M. 
Skidmore, J. G. 
Smith, M. S. 
Snyder, E. F., Jr. 
Stalb, J. G. 
Sternberg, E. 
Stevens, E. K. 
Stevens, K. M. 
Strock, C. 

Strunin, J. 
Sullivan, T. J. 
Syska, A. G. 
Tanzer, G. J. 
Tasker, C. 

Triegel, E. V. 
Turner, J. P., Jr. 
VeUesen, G. U. 
Vroome, A. E. 
Wasson, R. A. 
Webster, C. C. 
Westphal, N. E. 
Wheeler, J„ Jr. 
White, J. II. 
Whitelaw, H. L. 
Williams, H. E. 
Winner, I. 
Wnghtson, W. T. 
Zink, D. D. 

Niagara Falls — 
Woods. K. H, 
Woolcock, E. 

North Tarrytown — 
Weiss, A. P. 
Oswego — 

Demarest, R. T. 
Fidelias, W. R. 
Page, V. C. 

Poughkeepsie — 
Bertolette, C., Jr. 
Rochester — 

Betlem, H. T. 
Cook, R. P. 
Dickason, G. D. 
Hakes, L M. 
Hutchins, W. H. 
I-eonard, L. W. 
Lewis, C. E. 
McWilliams, J. W. 
Stacy, S. C. 
Tieadway, Q. J, 
Vidale, R. 

Wilder. E. L. 
Willson, F. J. 

Wyld, IL G. 

Rome — 

Lynch, W. L. 

Mills, D. L. 

Muaser, J. M. 

Scarsdale — 
CumniiuK, R. W. 

Schenectady— 
Hairington, K. D. 
Hunziker, C. K. 
Weiss. E. J. 

Welch, L. A., Jr. 

Skancateles — 
Yerkes* W. L. 

Snyder — 

Gifford, C. A. 

Reif, A. F. 
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Staten Island — 
t^alluhan, P. J. 
Holland, G. R, 
Johnson, E. B. 
Pfuhler, J. L. 
Sherbrooke, W. A. 
Volkhaidt, A. N. 
Waeohtor, H. P. 

Sulforn— 

Drake, G, M, 

Syracuse — 

Ashley, C. M. 
JUikcr, Nt. S. 
('airier, W. H. 
Cunningham, T. M. 
Day, V. S. 

Dtiscoll, W. IT. 
Dunne, R. V. D. 
French, D. 

Fiit/b<*iK. 1.. H. 
Goldmunn, P 
Graham, W. D. 
llockenanuUi, F. E. 
Initela, M, 
l^*wia, U L. 
Murphy, K. T. 
Noble, M, 

SehuD, K. L. 
Sheldon, N, 1C, 
Silvoia, A. 

Stewart, j. P. 

Wile, D, D. 

Wocac, C. F. 

Tarrytown — 
d’liWcrtelksin.lG. 
Ikmawatida — 
Karlstecn, G. H. 

Tuckahoe - 
Clouhling, W. 
Met'.iiui, K, D, 

Utica - 
Randolph, H. F. 
Stcmljorst, T. K, 

Valhalla “ 

Melmc, C. A, 

WatcrvUet-' 

S( huln'it, A. G, 

White Plains - 
Bclaky, G. A, 
IWnnett, IC, A, 
Callahan, T, H, 
;iiboid, C. K. 

Yonkers— 

D. J, 

Dean, D, 

<‘r<>er«, H* 
Harnionay, W, L. 
OrmiHtoti, J. Ih 
KuinK<% W. F. 
Schoen, D* D- 
Wvrlc(‘r. n. 

Yorfctown Holithta - 
Gitterman, H, 


NORTH CAROLINA 
Asheville— 

I'fice, W. C, 

Wilson, W. E. 

Camp Davis— 
Hawes, H. D, 


Charlotte — 

Bailey, J L. 

Brandt, E. H., Jr. 
DeWilt, E. S, 
Hallcnbeck, C. W. 
Hodge, W. B. 

Lee, R. T. 

McCallum, C. E. 
Melton, R D. 

Petty, C.E. • 

Selden, K. W., Jr. 
Sisk, R. Dm Van 
Smith, W. P., Jr. 
Wooten, M. F., Jr. 

Cherry Point— 
McCormick, G.W., Jr. 
Rock, G. A, 

Durham — 

Altciniieller, G. F. 
Brown, W. L., Jr. 
Lichty, C. P. 
Nicholson, S. J. 

Ro(‘d, h' J 
Skiiinei, A., Jr. 
Thoiss, E. S. 

Wallace, W. M., II 

Fort Brajta — 

Kummer, C. J. 
<:;reon«boro— 

Adams, C. Z. 

Burkes, L. C. 

Guest, P. L., Jr. 
Harding, E. R. 
Hoffman, H. 

Hunken, W. L. 
Klagcs, F. E. P. 
Sullivan, W. H. 

Hifth Point- 
Gray, n. R. 

Lewis, W. W. 

Ralelfth— 

Rice. R, B. 

Vaughan, L, L. 

Scotland Neck — 
McDowell, H. L. 

Seymour Johnson 

Field— 

WoHn, M. W. 
Winston-Salem— 
lialmson, F. F. 
Brown, M. D. 
Marshall, J. 
l>a«e, A. 

WrifthtsvlUe Beach- 
Burr, G. C. 

NORTH DAKOTA 
Wahpoton— 

Younger, J. R, 

OHIO 
Akron — 

TroIIer. T. H. 
Alliance— 

Reich, J. G- 

Ashland— 

Maynard, J. E. 
Kyholt, A. U 

Barberton— 

McLcish, W. S. 


Campbell — 

Sgambati, A, P, 

Canton — 

Eynon, W. E. 
Schauer, R. A. 

Chagrin Falls— 
Guilbert. S. R. 
Cincinnati — 

Bechtol, J. J. 

Bird, C. 

Blum, R. J., Jr. 
Boyd, T. D. 

Biiengcr, A. 

Cherne, R E. 
Coombe, J. 

Coyne, J. H. 
Edwards, A. W, 
Gannon, R. R. 

Gteon, W. C, 

Hard, A. L. 
llelburn, I. B. 
Plermann, H. N, 
Houlis, L. D. 
Houliston, G. B. 
HudepohJ, L. F. 
Huelsmann, A. G. 
Hust, C. E. 
Hutchinson, B. L., Jr. 
Jennings, H. K. 
Juergens, W. A. 
Junker, W. H. 
Kmney, A. M. 
Kramig, R. E., Jr. 
Kuempel, L, L. 
Little, K. B. 

Marc, H. M. 
Mathewson, M. E. 
Matzen, H. B. 
McNamee, E. W, 
Moore, H. W. 

Motz, 0. W. 
Muisinna, G. P. 
Neal, J. P. 

Peck, R. E 
Pfrium, P. G. 

Pillcn, H. A. 

Pisllcr. W. C. 
Richard, E. J. 

Ruff, A. G. 

Scott, J. 

Shepperd, P. D. 
Sigmund, R. W. 
Silberstein, B. G. 
Sproull, H. E. 
Stevens, W. R, 
Sutfin, G. V, 
Thompson, E. B. 
Ward. F. J. 
Washington, L. W, 
Williams. E. C. 
Wright. K. A. 

Cleveland — 

Baggaley, W. 
Barney, W. E. 
Berger, J. L. 

Boggs, IX 
Borkat, P. 

Byers, R. L. 

Cohen, P. 

Conner, R. M. 
Cummings, C. H. 
Cummings, R, J. 
Curtis, H. F. 
Cushing, C. F. 
Dalton, R. T. 

Davis, K. T. 

Evans, W, A. 
Eveleth, C. F. 
Fleming, P, B. 
Friedman, A, 
Gayman, P. 


GelU, R. W. 
Gottwald, C. 

Gray, E. W. 

Hall, J. A. 

Hall. J. R. 

Harvey, L. C, 

James, J. W. 

Jones, J. P. 

Kajuk, A. E. 
Kazlouskas, A. 
Kitchen, F. A, 

KUe, W. 

LaSalvia, J J. 
Lavellc, A. E. 

Levy, M. I. 
McKeeman, C. A. 
Miles, J. C. 

Moore, W. R. 
Nachman, G. P. 
Nobis, H. M. 

Plate, J. F. 

Pogalies, L. H. 
Powers, L. G. 
Pnester, G. B. 

Repp, H. L. 

Rowe, W. M. 
Schultz, S. F. 
Sheldon, R. W. 
Slawson, L. E. 

Taze, D, L. 

Terhune, R. D. 
Tuve, G. L. 
Vanderhoof, A. L. 
Webb, E. C. 

Weldy, L. 0. 
Wetzell. ir E 
Wheeler, C. W. 
Young, E. O. 

Cleveland Heights — 
Cady, E. F. 

Clark, R. L. 

Cutting, R. H. 
Dickens, L. A, 
Rhoton, W. R. 

Columbus — 

Allonier, H. R. 
Breneman, R. B. 
Brown, A. P. 
Engdahl, R. B. 
Loiiraer, C. F. 
Myler, W. M., Jr. 
Oelgoetz, J. F. 
Sherman, R. A. 
Slcmmons, J. D. 

' Williams, A. W. 
Wyatt, D. H, 

Cortland— 

Swencliart, D. W. 

Cuyahoiia Falls — 
Humphrey, D, K. 

Dayton — 

Anoff, S. M. 
Armstrong, C. C. 
Baker, I. C. 

Black, J. M. 

Brown, J. S., Jr. 
Brown, T. 

Gibbons, M. J. 
Gowdy, A. C. 
Kunzog, T. W. 
l,eupoId, G. L. 
Lindsay, G. W„ Jr, 
McCain, H. K. 
Smith, N. J. 
Weaver, J. V. O. 
Worsham, H. 
Zci^er, D. D. 

East Cleveland — 
Finney, T. M, 
Steffner, E. F, 
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Elyria — 

Downe, E. R. 

Euclid — 

Geiger, R. L. 
Heisterkamp, H. W. 
Wilhelm, J. E. 

Glendale— 

Thomas, R. H. 
Hatniltoxx — 

Crane, R. S. 
Schroeder, D. E. 
Thomas, L. G. L. 

Kent — 

Saginor, S. V. 

Lakewood — 
Cummings, I. R. 
Longcoy, G. B. 

Pegg, E, H. R. 
Schurman, J. A., Jr. 
Taliaferro, R. R. 
Teukonohy, R. J. 
Workman, A. E. 

Lima — 

Hawisher, H. H. 
Logan— 

Kitchen, D. E. 
Lorain— 

Jackson, W. F, 
Marlemont — 
Murphy, C. G. 

Middletown — 

Byrd, T. I. 

Somers, W. S. 
Stewart, R. S, 

Newark — 

Waggoner, J. H. 
Oberlin — 

Ries, L. S. 

Sable, E. J. 

Fainesvllle — 

Hobbs, J. C. 

Piqua — 

Lange, R. T. 

Shaker Heights— 
Avery, L. T. 

Foley, J. L, 

Solon — 

Wilson, R. A. 

Spring Valley — 
Wood, C. F. 

Toledo — 

Lewis, H. E. 

Ray, G. E. 

Watkins, G. B. 

University Heights — 
Kaercher, C. M. H. 
Mannen, D. E,, Jr* 

Van Wert — 

Jones, S, 

Warren — 

Manning. C. B. 

Waverly — 

Armbruster, F. T, W. 


Willoughby — 

Hall. N H. 
Wilmington — 
Marconett, V. G. 
Sapp, C, L. 

Youngstown — 
Montgomery, J. R. 
Stangle. W. H. 


OKLAHOMA 

Enid— 

Peiser. M. B. 
Thomas, F. M. 

Norman — 

Dawson, E. F. 
Lieblich, M. 

Oklahoma City — 
Beals, D. B. 
Braniff. P. R. 
Dolan, R. G. 
Ellingson, E, T. P. 
Frankfurt, W. W. 
Gray, E W. 
Loeffler, F. X. 
Melton, H. E. 
Morin, A. R. 

Tulsa — 

Dean, C. H. 
Holmes, A, D. 
Jones, E. 

McCune, L. J. 

OREGON 
Corvallis — 

WiUey, E. C. 
Eugene — 

Chase, P. S. 
Medford — 

Hoey, J. K. 

Ordnance — 

Sutch, H. C. 

Portland — 
Armstrong, C. E. 
Banks, J. B, 
Burtchaell, J. T. 
Burton, W. R, 
Byrne, J. J. 
Campau, W. R. 
Carroll, E. E. 
Fames, B. W, 
Finlay, A. E. 
Finnigan, W. T. 
Fluckey, K. N. 
Freeman, J. A. 
Gehrs, W. 

Goehler, E. E. 
Gribbon, J. H. 
Harnngton, L. J. 
Heinkel, C. E. 
Johnston, A. K. 
Kolias, W. J. 
Kroeker, J. D. 
Langdon, T, C. 
Lynch, J. R. 
McUung. T. H. 
Mead, H. K. 
Moore, B, W. 
Morrison, W. B. 
Murhard, E. A. 
Neubauer, E, W, 
Ponder, E. A. 
Riley, J. N. 

Risley, G. H. 
Taylor, T. E. 


Turner, E. S. 

Urban, F. F. 

Widmer. W. J. 

Yates, J. E 

Salem— 

Cooper, D. E. 

Van Wyngarden, J, E. 

PENNSYLVANIA 
Abington — 

Park, N. W. 

Terry, M. C. 

Allentown — 

Glance, A. C, 
Goundie, J. K. 
Hersh, F. C. 

Hilder, F. L. 

Korn, C. B. 

Ardmore — 

Curley. E. I. 

Haynes, C. V, 

Avondale — 

Battan, S. W. 
Bethlehem — 

Stuart, M. C. 
Brookline — 

Eastman. C. B. 
Brookline Park — 
Call, J. 

Creighton — 

Cox, S. F. 
Dravosburg — 
Marshall, A. W. 
Drexel Hill— 

Clarkson. R. C., Jr. 
Cornelius, G. E 
Culbert, W. P. 
Mather, H. H. 
jMatz, G. N. 

Dunbar — 

Sherwood, L. T. 
Easton — 

Moulsdale, T. D. 
East Pittsburgh — 
Hazlett, T. L. 
Penney, G, W. 

Elizabethtown — 
Dibble. S. F. 

Erie— 

Moyers, C. F. 

Forty Fort— 

McGown, F. H., Jr. 
Glenmoorc — 

Gant, H. P. 

Glenside — 

Childs. L. A. 
Macfarlan, N. S. 
McElgin, J. W. 
Tucker, L. A, 

Greenville — 

Hunt, M. 

Harrisburg — 

Eicher, H, C. 

Geiger, I, H. 


Haverford — 
Arnold, R. S. 
Hershey — 

Snavely, A. B. 
Irwin — 

Cost, G. W. 
Jenklntown — 
Buck. L. 
Johnstown — 
Hunter, L. N. 
Kingston — 
Macdonald. D. B. 
Lancaster — 

C. 

». H. 

Lansdowne — 
Ackermann, R. H. 
James, II. R. 
Seltzer, P- A. 

Lewisburg — 
Wildraan, E. L. 
Macungle — 
Singmastcr, J. W. 
Manheim— ' 
WeitA'I, C. li. ^ 
McKeesport — 
Dugan, T. M, 
Middletown — 
Locke, R. A. 
Milton— 

Mohn, n. L, 
Morriaville — 

Gavin, J. A. 

Mt. Lebanon — 
Hach, E. C. 
Narbeth — 

Seark*. W. J.. Jr. 
Smith, \V* K. 
Wilniot, C, S. 

New Hope — 
Davidson, P. L. 
New Kensington — 
ICdwaids, J. I>. 
Sheaiei, Vv, A„ Jr, 

Oxford — 

Waie, J. III 

Philadelphia — 
Ahlir, A. A. 
Bachman* F. 
Baxnaid. M, E. 
Barr, G. W* 
Bartlett, C. E. 
Bates, J. H. 

Beach. R, L. 
Bcrict, E. j., Jr. 
Black, K. N., in 
Black, n. C* 
Blankin, M. F. 
Bogaty. H. S. 
Bornemann, W* A. 
Borton. A. R. 
Broome, J. IL 
Caldwell, A. C* 
Church, L. M. 


Jones, A. 
Lloyd, E. 
Weitzel, 3 
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Cody, Till C. 

Crew, F. D. 

Dafter, E. H* 
DuvidsonJ h. C. 
D'Ambly, A. E. 
Du'U. C. F. 

Dome, A, G. 
Donovan, W. J. 
KlUot, !•:. 

Erickson, U, H, 
Fnitenbachor, H. Jf. 
Farrintiton, S. E. 
Golf. J. A. 

GoMncr. U. W. 

a. B. 

Iliicker, J. IL 
Ilnni^er, R. F, 
nntchJHon, J. E, 
IckeruiKill, J. C. 
Jaeobst*n, IC, C. S. 
Johnson, A, J, 
Keeiiin'. F. V, 
Kelble, F. K. 
Ivitkbride. J. (). 
Kricbi-l, A. E. 
Ladd, iX 
Landau. M. 

Lee, K. J. 

Le«n>old, C. S. 
LbJit. j. C. 

Lyon. P. S. 

Mack, r*. 

Macrow, L. 
Murtocello, J. A, 
McCormack. D. 
McC'uBough, H. G. 
Mcllvume, J, IL 
Mellon, J. T. J, 
Meloney, E J. 
MenwiiiK, F. D. 
Muody. L. K. 
MoiKun, R. C, 
Murdoch, J, P, 
Nesbitt, A« J. 
Niisbaum, L. 
Nusbinini, S, H. 
Parent, !!. M, 
PfeilTer, F. F. 
Plewes, iL E. 
Powdl, G. W , Jr. 
I^oweis, E. C. 
Prewitt, H. IL 
PryibiL P. L. 
Rainey, W, ^ 
Redstone. A. L. 
Rettow, IL IL ^ 
Roberts, E. F., Jr. 
Roberts, IL L, 
Robertson, A. M, 
RuKurt. K. 

Sabin, E, R. 

Scott, W, S. 

S(*mel, E. 

ShelHcr, M. 

Smiles, R. IL 
Smith. I). J. 
Spcckmnn, C. II. 
Thompson, P. J. 
Timmis. P. ^ 
Teuton, K, D. 
Traugott M. ^ 
Tuckerm^. G. B. 
Wagner, E. E. 
Weomann, A. 
Weik.W.F, 
Werner, P. H, 
Whitney. C, W. 
Wiley. b.C. ^ 
WUtberger, C. F. 
Wooiton. R. H. 

Pittsburgh— 

Allen. W. A. 
Baker. W, H.. Jr. 
Beighcl. H. A. 
Booker. J. W. 


Bowler, R. W. 

Brauer, R. 

Breyer, F. 

Biishncll, C. D. 
Campbell, T. F. 
Cliccscman, E. W. 
Collins, J. F. S., Jr. 
Comstock, G. M. 
Cooperman, E, 

Daly. U. E. * 
Dickinson, R. P., Jr, 
Dorfan, M. I. 
Edwaids, P. A. 

Good, C. S. 

Hebley. H. F. 

Hecht, F. H. 

Heilman, R. IL 
Humphreys, C. M. 
Hyde, E. H. 

Jones, L. K. 
Kirkcndall. H. J, 
Lankan, J. 

Little, R. 

Loticks, D. W 
Maehlinf;, L. S. 
Maier, G. M. 
McCullough, J. L. 
McGonagle, A. 
McIntosh, F- C. 
Metzger, A. F. 

Miller, R. A. 

Minor, J E. 

Mooie, 11. L. 

Mueller, J. E. 

Naas, A. F, 

Park. H. E. 

Peacock, G. S, 

Proio, J. 

Reed, V. A.. Jr. 
Reilly, B. B. 

Riescuk, W. L. 
Riesmeyer, E. IL. Jr. 
Rockw‘11, T. F. 

Rose. IL J. 

Ross, D. S. 
Schneider, C. IT. 
Sheppaid, W. K. 
Slier, A. 1. 

Simpson, G. L. 
Small, B. R. 

Smyors, K. C. 
Snyder, E. J. 

Speller, F- N. 
Stangcr, R. B. 
Stevenson, W, W. 
Straudi. P. C, 
Sweeney, R. IT. 
Tennant, R J. J. 
Thayer, H. H. 
TiUotson, J. J. 
Tower, E. S. 

Waters, G. G. 
Weddell. G. O. 

Fottsto-vm— 
Harberger, G. L, 
Prlmos— 

King. J. S. 

Keading— 

Corbit. C, A. 

Luck, A, W. 

Rldtey Park— 
Mawby, P- 

Scranton— 

Gilboy, J. P. 
Malion, B, B. 

Springdale — 

Lynn. F, E. 
Springfield— 
Grossman, IL E. 


State College — 
Wilson. A. M. 

Wiight, C. C. 

Stroudsburg — 

Kiefer, E. J. 
Swarthmore — 

Hobbs, W. S. 
Robinson, A. S. 
Thom, G. B. 

Uniontown — 

Marks, A. A, 

Upper Darby — 
Bertrand, G. F. 
Burritt, E. E., Jr. 
Kipe, J. M. 
Protheroe, R. A. 

VUIanova — 
Morehouse, J. S, 
Washington— 

Frazier, J. E. 
Washington Crossing 
Pryoi, A. S. 
Waynesboro — 
Alvarez, J. 
Wilkinsburg— 

Bibcr, H. A. 

Hersliey, A. E, 

WiWiamsport — 
Axeman, J. E. 
Wyomissing — 

Reese, PL L. 

York— 

Dubois, L. J, 
Mirabdc, J. J. 

Nicoll. S. F. 

Walsh. K. R.. Jr. 
Zicber, W. K. 

RHODE ISLAND 
Newport — 

Morse. L. S., Jr. 
Providence— 
Blending, R. L 
Coleman, J. B. 
Essley, IL A. 

Gibbs, E. W. 
Hartwell, J. C. 
Schoerner, R. T. 

SOUTH CAROLINA 
Charleston — 

Bailey. F. A., Jr. 

Columbia— 

Hartin, W. R„ Jr, 
Hcrty, F. B. 

Kerr. W. E. 

Loning, B. A. 

Ft. Jackson— 

Sloane, D. J. 
Greenville— 

Ramseur, V. 0., Jr. 
Parris Island— 
Lyon. D. M. 
Sumter — 

Warren. M.. Jr. 


SOUTH DAKOTA 
Lead — 

Pullen, R. R. 

Sioux Falls — 

Monick, F. R. 

TENNESSEE 
Brentwood — 
Armistead, W. C. 
Bristol — 

Torok, E. 
Chattanooga — * 
Campbell, G.IS. 
Donelson — 

Wilson, V. H, 
Johnson City — 
Lautz, F. A. 
Kingsport — 

Heibcrt, J. S. 
Knoxville — 
Addington. H/^M 
Cross, F. G. 
Hellmers, C. C.,''Jr. 
Oakley, L. W, 

Memphis — 

Campbell, A, Q., Jr. 
Danielson, W. A. 
FHnn, J. D. 

Hoshall, R. H. 
Nolan. J. J. 

O'Brien, T. J. 
Shelby, A. W. 
Thorpe, W. E, 

Nashville— 

Brown, F. 

Campbell, R. P. 

Fly, E. P. 

Hill, E., Jr. 

Norte. W. R. 
Rheault, W. E. 

Oak Ridge — 
Kegarise, R. R. 
Traynor, H. S. 

TEXAS 
Amarillo — 

Burnett, E. S. 
Beaumont — 

Shell, J. 

Bryan— 

Sdles. G. S. 

Camp Howze— 
Clow, S. A. 

College Station— 
Giesecke, F* E. 
Hopper, J. S. 

Long, W. JE. 

Smith, E. G. 

Columbus— 

Rhine, G. R. 
Corpus Christ! — 
Holsworth, R. C. 

Dallas— 

Allison, R. E. „ 
Anspacher, T. H. 
T* P. 
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Bishop, J. A. 

Brown, M L. 

Burritt, C G. 

Carroll, W. M. 
Catlett, W. A. 

Cox, V. G. 

Disney, M. A. 
Dowdell, J R. 
Farrow, E. E. 
Gammill, O E., Jr 
Gardner, C. R. 
Gessell. E. T . 

Gilbeit, L. S. 
Harnngton, D. W. 
Jelinek, F. R. 

Jpnes, H. L. 

Kribs, C. L., Jr. 
Martyn, H. J. 
Matthews, R. R. 
McClanahan, L. C, 
McLeod, C. H. 
Moler. W. H. 

Nation, O. 

Newby. I. P. 

Pfeiffer, D. C. 

Pines, S. 

Ray. J. A. 

Rodgers, F. A. 

Stem, E. J. 

Stone, A. A. 

Tate, H. L. 
Townsend, J. M. 
UUnch, A. B , Jr. 
Warren, H. P. 
Weatherby. E. P., Jr. 
Woods, C. F. 

Young, C. C. 
Zumwalt, R, 

Denison — 

Lmakie, G. A. 

Ft. Sam Houston — 
Bernard, E L. 

Ft. Worth— 

Edwards, C E. 

Elhs, G. W. 
MacEachm, G. C. 
Marsalis. M. E. 
Miller, B. 

Werner, R. K. 

Foster Field — 

Tuthill, A. F. 

Galveston — 

Norris, W. P. 


Garland — 

Badgett, W. H. 

Houston — 
Andrews, W. M. 
Banowsky, A. B. 
Barnes, A. F. 
Brandt. F C. 
Brown, M. W, 
Chase, A. M., Jr. 
Cooper, D. S. 
Dickson, D. R. 
Etie. W. R. 
Fisher, B. P. 
Green, S. H. 
Greenwood, L. D. 


xxoweu, Jj. 

Johnson, R. B, 
McKinney, C. A, 
McKitnck, W. D. 
MiUs, D. M. 
Mitchell. A. J. 
Morrow, J. D. 
Olson, G. E. 
Taylor, R. F. 
Walsh. J. A. 

Way. W. J., II 


Kelly Field— 

Clark, J R. 
Clemens, J. D, 

Lubbock — 
Ainsworth, S. E. 
Herbert, R. M 

Marshall — 

Knepper, H. H. 
San Antonio — 
Barnes, R. W. 
Benham, F. C., Jr. 
Dillender, E. A. 
Diver, M. L. 
Ebert, W. A 
Pawkett, L. S. 
Rummel, A J, 
Shafer, W. P., Jr. 
Sterner, D S. 

Texarkana — 
Perkins, R. C. 
Weatherford — 
Hughes, S 
Wichita Falls— 
Pettit, E. N., Jr. 

UTAH 
Holladay — 
McLouth, B. F. 
Logan— 

Wangsgaard, D. 
Ogden — 

Young, J. T., Jr. 
Provo — 

Sehg. E T.. Jr. 
Salt Lake City — 
Cockins, W. W. 
Richardson, H. G. 

VERMONT 
Burlington — 

Lanou, J. E 
Woodstock — 
Ambrose, A, H. 


VIRGINIA 
Alexandria — 
Ammerman, C. R. 
Broderick, E. L. 
Fogg, J. H. 

Gault. G. W. 
Goergens, A. G. 
Hart, J. H. 
Nomngton, W, L. 
Paetz, G. A. 
Porter, C. W. 
Roach, E. R. 


Arlington — 
Achenbach, P. R. 
Bartels, E. M. 
Berres, D. S. 
Cover, R. R. 
Grimes, F. M. 
Heindel, R. A. 
Iverstrom, C. 
Killian. W, J. 
Kolakoski, R. 
Leland, W. B. 
Lively, G. P. 
Lutttell, L. W. 
MacGregor, C. M. 
MarehaJl. W. D. 


McKay, A W. 
Queer, E. R. 

Stokes, A. 

Timnais, W. W. 
Whittlesey, W, C. 

Gamp Peary — 
Spitzley, J. H. 

Charleston — 
Rosenblatt, A. M. 

Danville — 

Farley, W. S. 

Jones, H S. 

Falls Church — 
Koster, H. H. 

Ley, R B. 

PhiUips, W L. 

Front Royal — 
Hartsook, G. S., Jr. 
Noord, D. F. 

Langley Field — 
Ibison, J. L. 
Lynchburg — 
Doering, F. L 
Franklin, S. H., Jr. 

Matoaca — 

Cropper, R. O. 


McLean — 

Nye, L. B.. Jr. 
Norfolk— 


Brewer, F. M. 
Jordy, J. J. 
Miller, F. T. J. 
Nowitzky, H. S. 
Thomas, R. C. 


Webster, W. H., Jr. 


Williams, G. E. 


Portsmouth — 


Bensmger, M. 
Cary, E. B. 
Rosenberg, I. 
Sterne, C. M. 
Stubbs. W. C. 


Richmond — 

Carle. W E, 
Johnston, J. A. 
Peebles, J. K., Jr. 
Schulz. H. I. 
West. C. H., Jr. 


Roanoke — 

Bailey, A. E., Jr. 


Williamsburg — 
McGinnis, F. L. 


Windsor — 
Bailey, C. F. 


WASHINGTON 
Anacortes — 
Hanthorn, W. 
Bremerton — 
Bakke, G. V. 
Bysom, L. L. 

Dahl, L. J. 
Dominy, C. B. 
Naman, I. A. 
Smith, C. F., Jr. 

Ft, Lewis — 
Pellmounter, T. V, 


Kent — 

Boj'ker, R O. 
Longview — 

Pauley, R D. 
Parkland — 

Norby, K. H. 

Port Angeles — 

Clark. A. C. 

Seattle — 

Bamum, W E., Jr. 
Beggs, W. E. 

Conrad, R, 

Cox. W W. 
Eastwood, E. O. 
Faulkrier, J. H. 

Finn, C. W. 
Forderbruggen, K. J. 
Granston, R. O 
Griffin, D. C. 

Hauan, M. J 
Langdon, E. H. 
Leichmtz, R. W. 
LeRiche, R E. 
Mallis, W. 

Marvin, J. 11. 

May, C. W. 

Morse, R. D. 
Musgrave, M N 
Petcison, S. D. 
Pollard, A. L 
Roy.ers, C. S 
Rosen, E. j 
Rudolph, R. R. 
Sparks, J. D. 

Twist, C, F. 

Wallis, W. M. 

Watt, R. D. 

Weber, E. L. 

Wesley, R. O 
Williams, L. G. 

Spokane — 

Bunnell, E. W. 

Kelly, J. C. 

Stengel, J. 

Tacoma — 

Chase, R. E. 

Foote, E. K, 
SpolToith, W. 

Wenatchee — 

Clausen, A. H. 

Segle, T. L. 

Westport— 

Watson, G. M. 


WEST VIRGINIA 
Charleston — - 
Puch, D. C. 
ShankUn, J. A. 

Fairmont — 

Tonry, R. C. 
Wright, i\ K. 

Huntington -* 
Johnson, L. t). 
Largent — 

Donnelly, J. 
Parkersburg — 
Bartels. C. J. 

WISCONSIN 
Chippewa Kalla— 
Walton, C. W„ Jr. 
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Ciintonvillc — 
Otiall, C. O. 

Elm Grove — 
Winkler, R. A. 
Kenosha — 

Lee, J. A. 

Lake Delton — 

' Paqc, H. W. 
Kohler - 

Hvosl«‘f, F. W. 
LatJrosso — 
AndeicKg, R H. 
Goocltnan, V\'. 
Rowe, W. A 
Tiune, R. N. 

Madison — » 

Dean, C. I. 

I^'ciin, W. n. 
UaH. (L 
KhotoUi, M. 11. 
I.aison, G, L. 
NeKson, D. W. 
Seynioiii, J K. 
White, J. C 

Manitowoc 

Dii<‘meyer, K (L 
liislioi), M. W. 

Marshiiold — 
Ilimbel, y. R 
Milwaukee — 


Alfery. U. F, 

Allan, W. 

Rarlow, F, J. 
JllanchaKl, N, M. 
liodeu, W. F. 
Howcrs, A. 

Buller, G. R. 

CuUer, J. A. 

Davis, 1). W„ Jr. 
Kllis, 11. W. 
Kieiitzel, IL 0. 
(J<‘rstenberK<'r, K. J. 
Gifford. IC. W. 
Goldsmith, F. W. 
Gricwiacli, A. IL 
Humachcr, K. F, 
Hamilton, H. S. 
Hanley, K. V. 

Ilaus, I. J, 

Hessler, L. W. 
Hoffmann, A. 
Holland. W, T. 
H««hey, T. M. 
Jackson, C. IL 
jun«, J. S. 

KhiKts B. M. 

Knab, K. A. 

Koch, k. G. 

Kien/, A. S. 
LavorKna, M. L. 
Lt‘inl:x‘rtjcr, K. J* P. 
Linfjen, R. A. 

Mack, K, H. 

Miller, W. 

Millet, L. IL 
Miadler, IL P. 

Noll, W. F. 

Nnnlist, F. J., Jr, 
IVtctsen, R, H. 
PcKioIake, A. R. 
Pride, H. K, 
Randolph, C. H. 
R<'inke, L. F. 
kiee, ('. J. 
wSchreib^r. H. W, 
Sis*nct‘, M. R. 
kte veils, W. ZI* 


Swisher, S G , Jr. 
Szekoly, I£ 

Vernon, R. 

Volk, G. H. 

Volk, J H. 

W(‘il, F. H. E 
Wcimer, F G, 

Wolfe, J. S. 

Zintel, G, V. 

Neenah — 

Angermcyer, A. IL 
Appei t, R- J. 

Eiss, R M. 

Harvey, A. D. 

Racine — 

Du'on, A G 
Donolson, \V N. 
Johnson, R. L. 
Minklei, W. A. 
SpK'th. IL 

Sturfteon Bay — 
Menden, P J. 
Superior — 

Jarvis, G. E. 
Thionsville — 

TiOvStcl, O. A. 
Wauwatosa — 
Kicholt'/, M. V. 

WYOMING 
Cheyenne — 

Brickham, N. H, 
ALASKA 
Dutch Harbor — 

' Austin, W. H. 
Fairbanks — 

Small, R. A. 

Nome — 

McDermott, J. P. 

CANAL ZONE 
Curundu— 

Boxall, F. 

HAWAII 
Honolulu — 

C'onjier, IL L. 
Holman, E. L. 

PUERTO RICO 
San Juan — 
Rucmmelc, A, M. 

DOMINION OF 
CANADA 
Arvida, Owe. — 

Kent, A. D. 
Brantford, Ont. — 
Anuour, K, G. 
Calvary, Alta, — 
Deeves, E. W, 
Jenkins, S, D. 

Cap de la Madeleine, 
Que.— 

(Jurney, E, R. 
Chatham, Ont. — 
('niter, A. W. 
Clarkson, Ont. — 
Hatch, G, 


Cooksviile, Ont. — 
Long, D. A, 

Freeman, Out. — 
Goodram, \V. E. 
Galt, Ont. — 

Libby, R S 
Sheldon, W. D , Jr 

Halifax, Nova Scotia- 
Mcagher, A. T 
Hamilton, Ont. — 
Dickenson, M. E. 
Izatt, G S. 

Moffat, O. G 

Hampstead, Que. — 
Montgomery, E G. 
Inj^crsoll, Ont. — 
Wood. A W. 
Islington, Ont. — 
Smith, W. H. 

Wilson, G. T. 

Kitchener, Ont. — 
Beavers, G. R. 
Pollock, C. A. 

Lachine, Que. — 
Ba.xter. W. K. 
Leasidc, Ont. — 
Norton, J. A. 
Midland, Ont. — 
Kitchen, W. H. J. 
Montreal, Que. — 
Andrews, W. R. 
Ballantync, G. L. 
Bcrridge, W. W. 
Boland, R. O 
Booth, C. A. 

Colic, S. S. 
Chenevert, J. G. 
Darling, A B. 

Dion, A, M. 

Dufaiilt, F. H. 
Dupuis, J. E. R. 
Dykes, J. B. 

Ewens, F. G. 
Flanagan, J. B. 
Forrester, N. J. 
Freeman, E. M. 
Friedman, F. J, 
Garneau, T^. 
Grossman, R. 
Hamlet, F. A. 

Hole. W. CL 
Hood, L. A. 

Hoopei, F. W. 
Horsburgh, B. J. 
Hughes, W. IT. 
Johnson, C. W. 

Keith, J. P. 

Linton, J. P. 
Madden, A. B. 
Maddy, F. J. 

Martin, R. 

Milne, A. H. 
Nutlianson, M. 
Nickle, A. J. 

Noyes, R. R. 
(VConnell, T. D. 
Osboine, G. II, 

Peart, A, M. 

Perms, CL E. 

Phipps, F. CL 
Plainondon, S. R. 
Poole, G. D. 
Robertson, J. A. M. 


Ross, J. D. 

St. Laurent, G 
Ste-Mane, G. P. 
Salter. S W. 
Sampson, E. T. 

Shaw, J. A. 
Standring, R. A. 
Timmins, W. W. 
Twizell, E. W. 
Vollmann, C W. 
Watts, A. E. 

Wiggs, G. L. 

Wilson, J. 

Worraley, R. F. 
Worthington, T. H. 

Newton, Ont. — 
Barrett, C. M. 
Noranda, Que* — 
MacLean, H. A. 
North Bay, Out. — 
Goodman, C. E. 
Oakville, Ont, — 

Stott. F. W. 

Ottawa, Ont. — 

Allen. A. W. 

Bishop, J. W. 
Clapperton, R* 
Colclough, O. T, 
Gauley, E. R. 

Gray, G. A 
Johns, C. F. 

McGrail, T. E. 
Pcnnock, W. B. 
Stotesbury, B. 

Outremont, Quo. — 
Gittleson, H. 

Poinle Claire, Que, — 
Wells, E. E. 

Preston, Ont, — 
Everest, R. H. 
Quebec, Que, — 
Paquet, J.-M. 

Roy, L. 

Sackville, N, B. — 
Rand, F. R. 

St. Catharines, Ont.- 
Calnan, E. J. 

Gilbert, T. 

St, Laurent, Que. — 
Lamontagno, A. F. 
Ste. Rose, Que. — 
MacDeimol, S. G. 
Sherbrooke, Que, — 
Archambault, J. A. 
Labonne, H. 
Thompson, F. 

Toronto, Ont. — 
Abbott, T. J. 
Alexander, S, W, 
Allsop, R. P. 

Angus, IL IL 
Anthes, L. L. 
Arrowsmith, J. O. 
Ballagh, A. B. 

Baxter, TL A. 

Bayles, R, W. 
BcUman, J, V. 
BlackhaU. W. R. 
Blake, A. H. 
Bowerraan, E. L. 
Bxittain, A , Jr. 
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Chambers, F. W. 
Christie, J. A. 

Church. H. J. 

Clark, A. M. 

Clifton, J. A. 

Cole, G. E. 

Crump, S. 

Davis, E, J. 

Degilio, L, 

Dickey, A. J. 

Dowler, E. A, 
Duncan, W. A. 

Eaton, W. G. M. 
Elhs, F. E. 

Elsie, R. L. 

Evans. W. H, 

Fagan, L. E. 

Fear, S. L. 

Ferris, A. L. 
Fitzsimons, J. P. 
Foley, J. J. 

Fox, E. 

Fox, J. H. 

Givin, A. W. 

Gordon, C. W. 
Gurney, E. H. 
Henion, H. D. 

HiU, H, G. 

Hills, A. H. 

Hopper, G. H. 
Hughes, L. K. 
Jenkjnson, V, J, 
Jenney, H, B. 
Jennings, S. A. 
Jones, A. T. 

Kelly. F. C. 

Kelly. W. C. 

Kemp, G. C. 

Kerr, R. 

Lawlor, J. J. 

Leitch, A. S. 

Lock, R. H. 
Macdonald, D. J. 
Marrincr, J. M. S, 
Mathison, R. St. C. 
Maxwell, R. S. 
McDonald, I. 
McKeman, G. S. 
McLaren, T, H 
Moore, F. C. 

Moore, H S. 
Morgan, A S. 
Murray, H. G. S. 
Neanngburg, A. 
Neilans, J. L. 
O’Neill, J. W, 
Palmer, C. N, 

Paul, D. I. 

Peterkin, S. M. 
Philip. W- 
Playfair, G. A. 

Price, D. O. 

Ritchie, A. G. 

Roth, H. R. 

Shears, M. W. 

Smith, G, E. 

Spall, E. G. 

Stencel, R. A. 

Stott, D. A. 

Strain, A. J 
Taylor, A, R. 
Thomas, M. F. 
Thompson, J. 

Todd. M. M. 

Usher, W. J., Jr. 
Waldon, C, D. 
Warden, A. 

Woollard, M. S. 

Trois-Rlvieres, Oue*- 
Germain, O. 

Vancouver, B. C, — 
Hale, F. J. 

Johnston, R. E 
Leek, C. W. 


Leek, W. 

Turland, C. H. 
Vissac, G. A. 

Victoria, B. C. — 
Sheret, A. 

Westmount, Oue. — 
Armstrong, W. J. 
Colford, J. 

Lefebvre, E. J. 
Wilkinson, A. 

Weston, Ont, — 
Patterson, J. L. 

Windsor, Ont. — 
Kearn, J. 

Winnipeg, Man. — 
Anderson, E. 

Argue, E J. 

Ball. F. T. 

Charles, P. L. 
Chester, F. L. 
Dahlgren, G. E. 
Davis, G. C. 

Glass, R. 

Glass, W. 

Hatch. O. J. 
Hepburn, E. M. 
Jones, B. G. 

Kent. R. L. 
McCallum, A. W. 
Michie, D. F. 
MiUer. E. R. 
Moore, R E. 

Moss, A W. 
Novolansky, S. I 
Pnee, E. H. 
Saunders, D. G. 
Steele, J. B. 
Stephenson, J. R. 
Swain, D. S. 

Weir, F F 
Worton, W. 

Woodbridgo, Ont. — 
Powlesland, J. W. 

Woodstock, Ont, — 
Karges, A. 


AUSTRALIA 
Darlinghurst — 
Henderson, A. S. 

Melbourne — 

Bell, a R. 

Ross, R. 

Sydney— 

Davey, G. I, 
Moloney, R, R. 
Robinson, J. A. 
Roseby, T. A. 

Victoria — 
Atherton, A, E. 

BRAZIL 

Rio de Janeiro — 
Botelho, N. J. 
Bums, F. G. 
DeSales, M., Jr. 
Rabe, A. E. 

CHILE 
Santiago — 
Demeter, J. 

CUBA 
Havana — 
Colmenares, G. V, 


EGYPT 
Cairo — 

Brakha, M. V. 
Ezz-El-Din, K. 
Tahry, M. E. 

Zaki, H. M. 

ENGLAND 
Birmingham — 
Greenland, S. F. 
Richardson, R. D. 

Buckinghamshire — 
Russell, J. N 
Cheshire — 

Cupitt, R. 

Kennett, V. A. 

Essex — 

Richardson, W. A. 
Hertfordshire — 
Purdue, F. 

Kent — 

Lipscombe, H. W. J. 
Pasteur, H. W. 
Stirling, W. N. 

Lancaster — 

Bartley, H. E. 

Leeds — 

Jennins, II. H, 

London— 

Benham, C. S. K. 
Butt, R E. W. 
Daniel, W. E. 

Haden, G. N. 

Haden, W. N. 
Herring, E. 

Hole, K. W. 

Jackson, G. R. 
Mornson, C. B. 
Nobbs, W. W. 

Troup, J. D. 

Swain, W. L. 

Watts, L. C. 

Manchester — 
rougher, B. R. E. 
Pougher, E. W. 
Shilston, R. A. 

Webb, J. W. 

Yates, W. 

Middlesex — 

Case, W. G, 

Frasei, J. J. 
Happerhold, G. J, 
Harvey, J. W. 
MacLachlan, V. D. 
Pearce, IC, A. 

Smith, G, E. 

Nottingham — 
Norfolk, L. W, 

South. Wales — 

Davies, R. 1 1. 

Surrey — 

Chatfield, A. J. 
Harding, W. 

Sussex — 

Carter. D. 

Warwickshire — 

How, C. P, 

Mann, W. N. 


INDIA 
Bombay — 
Badhe, J. M. 
Duplant, J. L. 

Calcutta — 
Ghose, K, N, 
Ghosh, B. B. 


IRELAND 
Cork — 

Barry, P. I. 

Dublin — 

Leonard, L. C. G. 

MEXICO 
Mexico, D. F, — 
Huber, E. 
Ramoneda, E, 

NEW ZEALAND 
Christchurch — 
Tavlor, E. M. 
Vale. ir. A. L. 

Macandrow Bay— 
Davies, G. W. 


SOirrri AFRICA 
Cape T(m'n — 

Daitbh, A 

Durban — 

Christierson, C. A. 
Johannesburg — 
Caldwell, R. J. S. 
Overton, S. H. 
Elileis, J. 

SWEDEN 
Nockby — 

Erikson, H, A, 
Stockholm — 

Ekluncl, K, G. 
Oatiom, E. W, 

Rosell, A. h\ 

Strom gren, S. CL 
Thcorell, 11. G. T. 

TURKEY 
Istanbul — 

KamLasii, J'. J. 

VENEZUELA 
Caracas — 

Bias, K. J. 
Westendiirp, G, 

MAIL RF/n IRNED 
lieuunw'une, A. 

Bml luer, 1C. 

Chtuse, U, 1C., Ji. 
Haii.smun, L. M. 
Hutchinson, I*'. A. 
Kwaii, UK, 

Lo<». V, V. 

Lyfoid, R. (L 
Macnu‘, R. li, 
Muekle. j, 

Tracy, \V. IC, 

Tutsi’h, K. J. 
vonRoaonbeig, P, C. 
WoUK, VV. S. lU 
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PAST OFFICERS 

American Society of Heating and Ventilating Engineers 


1S94 

President Edward P. Bates 

tst V tcc'^P} estdent Wm. M. Mackay 

ind Vice-Piestdent .Wiltsie F. Wolfe 

Srd Vice-Pfcsidenl Chas. S. Onderdonk 

Treasurer Judson A. Goodrich 

Seaelary L. H Hart 


Board of Managers 
Chairman, Fred P. Smith 
Henry Adams A. A. Cary 

Hufih J . Barron James A. Harding 

Edwaid P. Bates, Pres. L. H. Hart, Secy. 

Council 

Chairman, R. C. Carpenter 
Albeit A. Cryer Chas. W. Newton 

F. W. Foster Ulysses G. Scollay, Secy. 


1895 

President — Stewart A. Jellett 

1st Vtce-Prestdeni ..„.,Wra. M. Mackay 

M Vice-President Chas. S. Onderdonk 

Srd Vice-President D, M. Quay 

Treasurer Judson A. Goodrich 

Secretary L. II. Hart 


Board of Managers 
Chairman, James A. Harding 
Geo, B. Colili Ulysses G. Scollay 

Wm. McMannis B. F. Stangland 

Stewart A. Jellett, Pres, L. H. Hart, Secy, 

Council 

Chairman, R. C. Carpenter 
Henry Adams T. J. Waters 

Kdward V, Bates Albert A. Cryer, Secy. 


1896 

President . R. C. Carpenter 

1st Vice-President D. M, Quay 

$nd Vice-President ..Edward P. Bates 

Srd Vice-President F. W. Foster 

Treasurer.... Judson A. Goodrich 

Seaelary 11. Hart 


Board of Managers 
Chairman, Wm. M. Mackay 
Hugh J. Ban on Stewart A. TcUett 

W. S. Hadaway, Jr. Wiltsie F. Wolfe 

R, C. Carpenter, Pres. L. IL Hart, Secy. 


Council 

Chairman, A. A, Cary • 

Albeit A. Cryer B. F. Stangland 

Wm. McMunnia J. J. Blackmore, Secy. 


1897 

President M. Mackay 

/St Vice-President .H. D. Crane 

Smi Vice-President Henry Adams 

Srd Vice-President.. .... A, K, Kenrick 

Treasurer Judson A. Goodrich 

Secretary If. M. Swetland 


Board of Managers 
Chairman, R. C. Carpenter 
Edward P. Bates Stewart A, Jellett 

W. S, ITadaway, Jr, Wiltsie F. Wolfe 

Wm. M. Mackay, Pres, H. M. Swetland, Secy. 


Council 

Chairman, All^ert A. Cryer 
Foha A. Kish James Mackay 

Nm, McMannis B. F. Stangland 


1898 


President Wiltsie F. Wolfe 

1st Vice-Prestdenl J. H, Kinealy 

Snd Vice-President A. E. Kennck 

Srd Vice-President... John A, Fish 

Treasurer Judson A. Goodrich 

Secretary . Stewart A. Jellett 

Board of Managers 

Chairman, Wm. M. Mackay 
Thomas Barwick A. C. Mott 

John A, Connolly Francis A. Williams 

Wiltsie F. Wolie, Pres, Stewart A, Jellett, Secy. 

Council 

Chairman, R. C. Carpenter 
Henry Adams W S. Hadaway, Jr. 

Albeit A. Cryer Wm. McManms 

Wiltsie F- Wolfe. Pres. Stewart A. Jellett, Secy, 


1899 


President Henry Adams 

1st Vice-President D. AI. Quay 

Snd Vice-President A. E. Kenrick 

Srd Vice-President Francis A, Williams 

Treasurer. Judson A. Goodrich 

Secretary. Wm. M. Mackay 


Board of Managers 


Chairman, Stewart A. Jellett 
B. H. Carpenter Wm, Kent 

A. A. Cary Wiltsie F. Wolfe 

Henry Adams, Pres. Wm. M. Mackay, Secy, 


Council 

Chairman, R. C. Carwnter 
John Gormly Wm. McMannis 

W. S. Hadaway. Jr. B, F. Stangland 

Henry Adams, Pres. Wm. M. Mackay, Secy. 


1900 


President D. M. Quay 

1st Vice-President A, E. Kenrick 

Snd Vice-President .^....Francis A. Williams 

Treasurer Judson A. Goodrich 

Secretary.. .Wm. M. Mackay 

Board of Governors 


Chairman, D. M. Quay 
Wm. Kent, Vice-Chm. D. M, Nesbit 
R. C. Carpenter C. B. J. Snyder 

John Gormly Wm. M. Mackay, Secy. 


1901 


President — J. H. fCiucaly 

1st Vice-President A. E. Kenrick 

Snd Vice-President Andrew Harvey 

Treasurer Judson A. Goodrich 

Secretary Wm. M. Mackay 


Board of Governors 


Chairman, J. H. Kinealy 
Wm, Kent, Vice-Chm. John Gormly 
R. C- Carpenter C, B. J, Snyder 

R. P. Bolton Wm. M. Mackay, Secy. 
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1902 

President .„,A. E. Kenrick 

1st Vice-President Andrew Harvey 

9nd Vice-President Robert C. Clarkson 

Treasurer,, Judson A Goodrich 

Secretary Wm. M, Mackay 

Board of Governors 

Chairman, A. E. Kenrick 
John Gormly, Vtce-Chm. J. H. Kinealy 
R. C. Carpenter C. B. J. Snyder 

Wm. Kent Wm. M. Mackay. Secy. 


1903 

President H. D. Crane 

Isi Vice-President Wm. Kent 

£nd Vice-President R, P, Bolton 

Treasurer Judson A. Goodrich 

Secretaty .Wm. M. Maciay 

Board of Governors 

Chairman, H. D. Crane 
C, B. J. Snyder, Vice-Chm. A, E. Kenrick 
R. C. Carpenter Geo. Mehring 

John Gormly Wm. M. Mackay, Secy. 


1904 

President — Andrew Harvey 

1st Vice-President John Gormly 

£nd Vice-President .««._Robert C. Clarkson 

Treasurer Ulysses G. Scollay 

Secretary Wm. M. Mackay 

Board of Governors 

Chairman, Andrew Harvey 
John Gormly H. D. Crane 

Robert C. Clarkson A, E. Kennck 

J. J. Blackraore C. B. J. Snyder 

R. C Carpenter Wm. M. Mackay, Secy, 


1905 

President ^Wm Kent 

let Vice-President R P. Bolton 

£nd Vice-President C. B. J. Snyder 

Treasurer Ulysses G. Scollay 

Secretary Wm. M. Mackay 

Board of Governors 

Chairman, Wm Kent 
R. P. Bolton James Mackay 

C. B. J. Snyder B. F. Stangland 

B. H. Carpenter J. C. F. Trachsel 

A. B. Franklin Wm. M. Mackay, Secy, 


1907 

President C. B. J. Snyder 

1st Vice-President James Mackay 

Snd Vice-President Wm G Snow 

Treasurer Ulysses G. Scollay 

Secretary .Wm. M Mackay 

Board of Governors 

Chairman, C. B. J. Snyder 
James Mackay, Vice-Chm, Frank K. Chew 
R. E. Atkinson A B. Franklin 

R. C. Carpenter Wm, G. Snow 

Edmund F. Capron Wm. M Mackay, Secy. 


1908 

President James Mackay 

1st Vtce-Prestdent„.... , -. Jas- D. Hoffman 

Snd Vice-President B, F, Stangland 

Treasurer ^Ulysses G. Scollay 

Secretary Wm. M. Mackay 

Board of Governors 

Chairman James Mackay 
Jaa.D. Hoffman, John F. Hale 

B. F. Stangland August Kehm 

R. C. Carpenter C. B. J. Snyder 

Frank K. Chew Wm. M. Mackay. Secy. 


1909 

President Wm. G Snow 

Ist Vice-President.,.,. August Kehm 

£nd Vice-President B S Haruson 

Treasurer — . — Ulysses G Scollay 

Secretary Wm. M Mackay 

Board of Governors 

Chairman, Wm. G. Snow 
August Kehm, Vice-Chm. Samuel R. Lewis 
John R. Allen James Mackay 

R. C, Carpenter B. F. Stangland 

B. S. Harnson Wm. M. Mackav, Scey. 


1910 

President Jns. D. Floftman 

1st Vice-President R. I>. Bolton 

Snd Vice-President «... .Samuel R, Lewis 

Treasurer L Ulysses Ct Se(>llay 

Secretary Win. M Maekuy 

Board of Governors 

Chairman, Jaa. D, Hoffman 
R P. Bolton, Vice-Chm. John F. Hale 
Gea W. Barr Samuel R. I.k'wIs 

R. C. Carpenter James Mackay 

Judson A. Goodnch Wm. M. Miiekuy, Secy. 


President 

1st Vice-President 

Bnd Vice-President. 

Treasurer 

Secretary 


John Gormly 

C. B. J. Snyder 

T. J. Waters 

— Ulysses G. Scollay 
— Wm, M. Mackay 


Board of Governors 

Chairman, John Gormly 
n* ®*J;l Snyder, Vtce-Chm. James Mackay 
R. C. Carpenter B. F. Stangland 

Frank K, Chew T. J. Waters 

A. B. Franklin Wm. M. Mackay, Secy, 


President R, i\ H,>|ton 

ist Vice-President Joim R. Allen 

Jnff Vice-President... .. A. U. Franklin 

Treasurer Ulysses (L Scollay 

Secretary Wm. W. Macon 

Board of Governors 

T ^ ... Chairman, R, P. Bolton 
John R, Allen, Vice-Chm. A. B. Franklin 
Jas. D. Hotfman 

R. C. Cppenter August Kehm 

James H. Davis Wm. W. Macon. Secy. 
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1912 

FrtsiderU^ John R. Allen 

Isl Vice-President John F. Hale 

£nd Vice-President Edmund F. Capron 

Treasurer James A Donnelly 

Secretary Wm. W. Macon 

Board of Governors 

Chairman t John R. Allen 
John F. Hale, Vtce-Chm Dwight D. Kimball 
Edmund F. Capron Samuel R. Lewis 

R. P. Bolton Wm. M. Mackay 

Jas, D. Hoffman Wm. W. Macon, Secy, 


1913 

President John F. Hale 

1st Vice-President A. B. Franklin 

tnd Vice-President Edmund F. Capron 

Treasurer James A Donnelly 

Secretary Edwin A. Scott 

Board of Governors 

Chairman^ John F. Hale 
A. B. Franklin, Vice-Chm, James A. Donnelly 
John R, Allen Dwight D. Kimball 

Edmund F. Capron Wm. W. Macon 

R. P, Bolton James M. Stannard 

Frank T. Chapman Theodore Wemshank 

Ralph Collamore Edwin A. Scott, Secy, 


1917 

President J. Irvine Lyle 

1st Vice-President - - Arthur K. Ohmes 

Bnd Vice-President Fred R. Still 

Treasurer Homer Addams 

Secretary Casin W. Obert 

Council 

Chairman, J, Irvine Lyle 
A. K. Ohmes, Vtce-Chm. Harry M. Hart 
Homer Addams E. Vernon Hill 

Davis S. Boyden James M. Stannard 

Bert C. Davis Fred R. Still 

Milton W. Franklin Walter S, Timmis 

Charles A. Fuller Casin W. Obert, Secy. 


191S 

President Fred R. Still 

Ist Vice-President .Walter S. Timmis 

l^nd Vice-President E. Vernon Hill 

Treasurer Homer Addams 

Secretary Casin W. Obert 

Council 

Chairman, Fred R. Still 
W. S, Timmis, Vice-Chm. J. Irvine Lyle 
Homer Addams E. Vernon Hill 

William H. Driscoll Frank G. Phegley 

Howard H. Fielding Fred. W. Powers 

H. P. Gant Champlain L. Riley 

C. W. Kimball Casin W. Obert, Secy. 


1914 

President Samuel R. Lewis 

1st Vice-President Edmund F. Capron 

Snd Vice-President.. Dwight D. Kimball 

Treasurer....... -James A. Donnelly 

Secretary J. J. Blackmore 

Council 

Chairman, Samuel R Lewis 
E, F. Capron, Vice-Chm. John F. Hale 
Dwight D Kimball Harry M. Hart 

John R. Allen Frank G. McCann 

Frank T. Chapman Wm W. Macon 

Frank I Cooper James M. Stannard 

James A. Donnellr J. J. Blackmore, Secy. 


1915 

President - Dwight D. Kimball 

1st Vice-President Harry M. Hart 

$nd Vice-President Frank T. Chapman 

Treasurer.. .......... Homer Addams 

Secretary J, J, Blackmore 

Council 

Chairman, Dwight D. Kiral)aU 
Harry M. Hart, Vtce-Chm. Samuel R. Lewis 
Homer Addams Frank G, McCann 

Frank T. Chapman J. T. J. Mellon 

Frank I. Cooper Henry C. Meyer, Jr. 

E. Vernon Hill Arthur K, Ohmes 

Wm, M. Klnjiabury J, J, Blackmore, Secy. 


1916 

President........ Harry M. Hart 

Isi Ftre-PrwtdettL,— -™.™..-Frank T. Chapman 

tnd Vice-President. «... .—-Arthur K, Ohmes 

..Homer Addams 

Secretary - Casin W. Obert 

Council 

Chairman, Hany M. Hart 
F. T, Chapman, Viee-Chm. Dwight D. Kimball 
Homer Addams Henry C. Meyer, Jr. 

Charles R. Bishop Arthur K. Ohmes 

Frank 1. Cooper Fred R. Still 

Milton W. Franklin Walter S, Timmis 

E. Vernon Hill Casin W. Obert, Secy. 


. . 1919 

President Walter S Timmis 

Isi Vice-President. E. Vernon Hill 

j8nd Vice-President — ....Milton W. Franklin 

Treasurer. Homer Addams 

Secretary Casin W Obert 

Council 

Chairman, Walter S. Timmis 
E. Vernon Hill, Vice-Chm. Frank G. Phegley 
Homer Addams Fred. W. Powers 

Howard H. Fielding Robt W. Pryor, Jr. 

Milton W. Franklin Champlain L. Riley 

Harry E. Gerrish Fred R Still 

George B. Nichols Casin W. Obert, Secy. 


mo 

President — E. Vernon Hill 

1st Vice-President Champlain L. Riley 

find Vice-President. - Jay R. McColl 

Treasurer...... — Homer Addams 

Secretary Casin W. Obert 

Council 

Chairman, E. Vernon Hill 
C. L. Riley, Vice-Chm. Jay R. McColl 
Homer Addams George B. Nichols 

Jos, A. Cutler Robt. W. Pryor, Jr. 

Wm. H. Driscoll W. S. Timmis 

A. C. Edgar Perry West 

Alfred Kellogg Casin W. Obert, Secy. 


1921 

President - — Champlain L. Riley 

1st Vice-President — Jay R. McColl 

Snd Vice-President.... H. P. Gant 

Treasurer..... Homer Addams 

Secretary —Caain W. Obert 

Council 

Chairman, Champlain L. Riley 
Jay R. McCoU, Vice-Chm. E. S. Hallett 
Homer Addams E. Vernon Hill 

Jos. A. Cutler Alfred Kellogg 

Samuel E. Dibble E. E, McNair 

Wm. H. Driscoll . Perry West 
H, P, Gant Casin W. Obert, Secy. 
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1922 

President Jay R McCoU 

1st V tee- President H. P Gant 

Bnd Viu- President., ^muel E. Dibble 

Treasuter... Homer Addama 

Secretary Casin W. Obert 

Council 

Chairman, Jay R. McColl 
H. P. Gant, Vice-Chm, L, A. Harding 

Homer Addama E. E. McNair 

Jos. A. Cutler H. J. Meyer 

Samuel E. Dibble C. L. Riley 

Wra. H. Driscoll Perry West 

E. S Hallett Casin W. Obert, Secy. 


1923 

President 

1st Vice-President 

2nd Vice-President 

Treasurer 

Secretary 


Council 
Chairman, H. P 
Homer Addama, Vice-Chm. 

W. H. Carrier 
J, A Cutler 
S. E. Dibble 
Wm H. Driscoll 

Casm W. Obert. 


S. E. Dibble, Vice-Chm. 
F. Paul Anderson. 

W H. Carrier 
J. A. Cutler 
William H. Dnscoll 
H. P. Gant 


W. E. Gillham 
L. A. Harding 
Alfred Kellogg 
Thornton Lewis 
Perry West 
F. C Houghten, Secy. 


1927 

President F. Paul Anderson 

Ist Vice-President A C. Willaul 

Snd Vice-President Thornton Lewis 

Treasurer.,... W. E Gillham 

Secretary A. V Hutchinson 

Council 

Chairman, F. Paul Anderson 


A. C. Willard, Vice-Ckm. 
H. H. Angus 
W. H. Carrier 
W. H. DriscoU 
Roswell Farnham 
H. H. Fielding 
W, E. Gillham 
C. V. Haynes 


John Howatt 
W. T. Jones 
J. J. Kissick 
E. B. Langenberg 
Thornton Lewis 
J. F. Mcintiie 
H. Lee Moore 
F B. Rowley 


. ..H, P. Gant 

Homer Addama 

E. E. McNair 

— Wm. H. Driscoll 
Casin W. Obert 


Gant 

E S. Hallett 
Alfred Kellogg 
Thornton Lewis 
E. E. McNair 
Perry West 
Secy, 


1924 

President Homer Addaras 

1st Vice-President. S. E. Dibble 

2nd Vice-President.,....^.... ^.William H. Driscoll 

Treasurer Perry West 

Secretary F, C. Houghten 

Council 

Chairman, Homer Addams 


1928 

President A. C. Willard 

Isl Vice-President ...... Thornton Lewis 

Snd Vice-President L. A. Harding 

Treasurer .... .W, E. Gillham 

Secretary A. V. Hutchinson 


Chairman, A. C. Willard 
Thornton Lewis, Vtce-Ckm C. V. Haynes 

F. Paul Anderson John Howatt 

H. H. Angus W. T ioiics 

W. H Carrier J, J. Kissick 

N. W Downes ID B Lniigenherg 

Roswell Farnham J. P, AJclutire 

W. E. Gillham H. I-ec Mooie 

F. B Rowley 


1929 

President Thointon f.ewis 

Ist Vice-President ........L. A. Ilnnljiig 

2nd Vice-President W. IT. Carrier 

Treasurer W. E. Gilllium 

Secretary A. V. Hutchinson 

Technical Secretary.... P. I>. Close 


President 

1st Vice-President 

2nd Vice-President 

Treasurer 

Secretary 


1925 

_S. E. Dibble 

Wm. H. DriscoU 

F. Paul Anderson 

Perry West 

F. C. Houghten 


Chairman, Thornton Lewis 


Council 

Chairman, S. E Dibble 
Wm. H, Driscoll, Vice-Chm. W. T. Jones 
Homer Addams Thornton Lewis 

F, Paul Anderson J. H, Walker 

W. H. Carrier Perry West 

J. A. Cutler A. C, Willard 

W. E. Gillham F C. Houghten, Secy. 


President 

1st Vice-President 

Snd Vice-President 

Treasurer 

Secretary 


W. H. DriscoU 

— F, Paul Anderson 

A. C. Willard 

W, E. GilUiain 

...... Ji.. V, Hutchinson 


Council 

Chairman, W. H, Driscoll 
S*T Anderson, Vice-Chm. C V. Haynes 
W. H. Camer W. T. Tones 


J. A. Cutler 
S. E. Dibble 
W, E. Gillham 


A. C. Willard 


W. T* Jones 
E. B. Langenberg 
Thornton I^ewia 
J. F. Mcintiie 


L. A. Harding, Vice-Chm, 

H. H. Angus 
W, H. Carrier 
N. W. Downes 
Roswell Farnham 
W. E. Gillliam 
C. V. Haynes 

A. C. Willard 


John Howatt 
W. T. Jones 

E. B. Langenberg 
G. L, r.arson 

F, C. McIntosh 
W. A. Rowe 

F. B. Rowley 


President 

1st Vice-President.. .................. 

2nd Vice-President... 

Treasurer 

Secretary. 

Technical Secretary.. 


I-. A. HuidinK 

W. H, (\irricr 

K. H, Rowley 

C. W, Ktirar 

. A V* Hutchinson 
IL D, Close 


Chairman, L. A. Harding 


W, H. Carrier, Vice-Chm. 
H. H. Angus 
D. S. Boyden 
R. H. Carpenter 
J. D. Cassell 
N. W. Downes 
Roswell Farnham 
C. W. Farrar 


Joim Howatt 
W. T, Jones 

E. U, Lange nU'rg 
G, L. Larson 
Thornton Lewis 

F. C, McIntosh 
W. A. Rowe 

F. B, Rowley 



ROLL OF MEMBERSHIP 


1931 

President 

1st V tce-Prestdent 

Snd Vice-Presideni 

Treasuier., 

Secretary 

Technical Secretary 

C^ouncil 
Chairman, W, H. 
F. B. Rowley, Vtce^Chm. 

D. S. Boyden 

E. K, Campbell 
R. H. Carpenter 
J. D. Cassell 

E. O. Eastwood 
Roswell Farnham 
E. II. Gurney 

m2 

President 

1st Vtce^-Prestdent 

j^nd Vhe-Prestdent 

7'reastirer „ ..... 

Secretary.^ 

TechnUal Secretary ... 

Council 
Chairman, F. B, i 
W. T Jones, Vtce-Chm. 

D. S. Boydeii 

E, K. Campbell 
R. H. Cari)cntcr 
W. n. Cuiricr 
John D. Cassell 
E. C). Eastwood 
Roswell Famliam 


W H, Canier 

F. B. Rowley 

.W. T. Jones 

F. D Mensmg 

A. V. Hutchinson 

P. D. Close 

earner 
L. A. Haiding 
John Howatt 
W. T. Jones 

E. B. Langenberg 
G. L. Larson 

F. C McIntosh 
F. D. Mensing 
W. A. Rowe 


-F. B. Rowley 

.W. T, Jones 

C. V. Haynes 

F. D. Mensing 

A. V. Hutchinson 

P. D. Close 


Rowley 

F. E, Giosecke 

E. II. Gurney 
C. V, Haynes 
John Howatt 

G. L. Larson 
J. F. Meintne 

F. D Mensmg 
W. E. Stark 


1933 

President 

Ist Vtce^Presidenl » ..... 

Und V ice’-Presidenl 

Treasurer 

Secreiary.^, 

Council 
Chairman, W. T. 
C. V, Haynes. Vice^Chm. 

I>. S, Boyden 
E, K. Campbell 
R. H, CariKuiter 
j. U, Oaflsell 
E. t >. Eastwood 
Roswell I'arnham 
F E. Giest,*cke 

'"'1934" 

President 

1st Vice* President. 

€nd Vicc-PresidcnL 

7'reasurer, 

Sect ctary. 

Council 

Chairman, C. V, I 
John Howatt, Viee*Chm, 

M. C. Bemau 
IJ. S. Boyden 
Albt^rt Buenger 
R, H, Oirponter 
J. I). Casw'Il 
IC. GJeHeeke 

E. H, Gurney 

__ 

President , ...... 

1st Viee*Pr(sident 

$Hd Vice*President,.....„».„.„, 

7'reasurer, .... 

Secretary - 

Council 

Chairman, Jolin fi 
G. L. Larson, Vice-Chm, 

M* C« Bemun 
U, S. B<»ycten 
Albert Buengor 
R. H. Carpenter 

J. D. Cnasell 

F. E, Giesccke 

K. IL Gurney 


W. T. Jones 

C. V. Haynes 

John Howatt 

D. S Boyden 

V. Hutchinson 

Jones 

E. H, Gurney 
John Howatt 
G. L. Laison 
J. P'. Mclntire 
F» C. McIntosh 
L. W. Moon 

F. B, Rowley 
W. E. Stark 


C. V. Haynes 

John Howatt 

G, L. i.arson 

D. S. Boyden 

-...A. V. Hutchinson 

Haynes 

W. T. Jones 
G. L, Larson 
J. F. Mclntire 
F. C. McIntosh 
L. Walter Moon 
O. W. Ott 
W. A. RusBcll 
W. E. Stark 


1936 

President G. L. Larson 

1st Vice-President D. S. Boyden 

Bnd Vice-President E. H. Gurney 

Treasurer A. J. Offner 

Secretary.^ A. V. Hutchinson 

Council 

Chairman, G. L, Larson 

D. S. Boyden, Vice-Chm. John Howatt 

M. C, Beman C, M. Humphreys 

R. C. Bolsinger L. Walter Moon 

Albert Buenger J. F Mclntire 

S. H. Downs A. J. Offner 

W. L. Fleisher O. W. Ott 

F. E. Giesecke W. A. Russell 

E. H. Gurney W. E Stark 


1937 

President D. S Boyden 

1st Vice-President E. Holt Gurney 

Bnd Vice-President... J. F. Mclntire 

Treasurer A. J. Offner 

Secretary A. V. Hutciimson 

Council 

Chairman, D. S. Boyden 
E. IL Gurney, Vice-Chm, W, L. Fleisher 
J, J. Aeberly F. E. Giesecke 

M. C. Beman C. M. Humphreys 

H. C, Bolsinger G. L. Larson 

Albert Buenger J. F. Mclntire 

S. H. Downs A. J. Offner 

E. O. Eastwood W. E. Stark W, A. Russell 


1938 

President E Holt Gurney 

1st Vice-President — J F. Mclntire 

Bnd Vice-President.,..,. F. E. Giesecke 

Treasurer - A. J. Offner 

Secretary... A. V. Hutchmsou 

7'echnical Secretary John James 

Council 

Chairman, E. Holt Gurney 


J. F, Mclnthe, Vtce-Chm, 
N. D. Adams 
J. J. Aeberly 
M. C. Beman 

R. C, Bolsinger 

D. S. Boyden 

S. H. Downs 

E. O. Eastwood 


W. L. Fleisher 

F. E. Giesecke 

C. M. Humphreys 
A. P. KraU 
A. J. Offnet 
W. A. Russell 
J, H. Walker 

G. L Wiggs 


John Howatt 

G. L, Laison 

D. S. Boyden 

A. J. Offner 

A. V. Hutchinson 


Howatt 

C. V. Haynes 
J. IL Mclntire 
F. C. Mclntfieh 
h. Walter Moon 
A. J. Offner 
O, Ott 
W. A. RufisoH 
W, E. Stark 


President J- h • Mclntire 

Ist Vtcf-P resident... F.E* Giesecke 

Bnd Vice-President .W. L. Fleisher 

Treasurer... — — . .. M. h . Blankln 

Secretary A. V. Hutchinson 

Technical Secretary John James 


Council 

Chairman, J, F. Mclntire 


F. E. Gieacckc, Vice-Chm, 
N. D, Adams 
J, J. Aeberly 
M. C. Beman 
U, F, Blankin 
E. K, Campbell 
S, IL Downs 
E, O, Eastwood 


W. h. Fleisher 
E H. Guiney 
A. P. Kratz 
A. J. Offner 
W. A. Russell 
G. L, Tuve 
J. H. Walker 
G. L. Wigga 
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